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ABSTRACT

Inspection and Evaluation Guidelines for reactor internals has been taken into the Rules on Fitness-for—Service

for Nuclear Power Plants of The Japan Society of Mechanical Engineers. It is a base of the maintenance plan of

each Nuclear Power Plant. A plant maintenance methodology will have more importance to maintain the plant

safety and stable plant operation. This paper introduces the systematization of the maintenance such as repair,

replacement, preventive maintenance in these guidelines. Maintenance methodologies are classified follows.

O Repair : methodology to reinforce degraded parts by some methods or prevent progress of degradation of
without replacement of the existing structure when the degradation of structure is actualized.

U Replacement : methodology to replace the existing structure with new one when the degradation of structure is
actualized.

U Preventive maintenance : methodology to mitigate the damaged condition.

When the maintenance methodologies are implemented in the actual plant, we have to consider the feedback of

the inspection program and plant life management.
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1. Introduction

In recent years, several SCC (Stress Corrosion Crack) at the austenitic stainless had been found
and reported in domestic and foreign reactor vessel internals and primary boundary piping. [1]

In the U.S., the PWR Owners Group (PWROG) and BWR Owners Group (BWROG) have defined
the function and ageing mode for reactor internals, published a guideline of inspection and evaluation for
the reactor vessel internals. Moreover, they have discussed technical and reasonable inspection and
evaluation methodology with the US Nuclear Regulatory Commission (NRC) based on these deliverables.

Similarly, Japanese Industry and Academic Committee has discussed and made a guideline of
inspection and flaw evaluation since more than ten years ago in order to make a proposal on the
existence of the reactor vessel internals inspection and evaluation.

These guidelines are classified following sections for each component that consist of the reactor
vessel internals.

-Inspection and Evaluation
-Maintenance Methodology
-Preventive Maintenance Methodology

This inspection and evaluation guideline had been applied to JSME Fitness-for-Service rules
already, and it has been basis of maintenance plan for the reactor vessel internals of Japanese BWRs
and PWRs. [2] In the future maintenance, inspection for the structures after repair, the replacement
and the preventive maintenance becomes important. This paper mentions inspection and flaw
evaluation guidelines, moreover, introduces the systematization and the idea of the repair, the
replacement and the preventive maintenance in the guidelines.
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2. Inspection and flaw evaluation

Inspection guidelines consist of “Individual inspection” and “General inspection”. Individual
inspection defines the scope, method and frequency of inspection to maintain each component integrity
considered with the assumed ageing degradation. For more safety, General inspection is required for
all internals even though the specific degradation is not assumed, in addition to Individual inspection.

When any flaw is found in the inspection, the influence for the component integrity has to be
evaluated as follows. Detected flaw will be modeled on conservative length and depth. Residual stress
and other mechanical stress distribution of the flaw propagate direction will be calculated by FEM
analysis or the mock-up test. Crack propagation will be estimated depending on the K-value with
conservative crack growth rate (da/dt). Fracture evaluation will be done to confirm the component
integrity in the plant life duration. If required, the component will be repaired or replaced based on the
maintenance guidelines.

3. Comparison conventional with current maintenance

Before the establishment of Fitness-for-service Rules, repair or replacement was required when
flaw is detected on time-based inspection. We have been able to implement flaw evaluation, and make
judgments continuous operation or maintenance activity a result of structural integrity evaluation with
flaw growth by using Fitness-for-Service. (Fig.1)
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Fig. 1 Conventional and current maintenance flow diagram
4. Position of Repair / Replacement / Preventive maintenance
Under time-frame of nuclear plant management in Japan, the guideline is applied on the step of

maintenance actions after starting plant operation. The maintenance actions contain repair,
replacement, preventive maintenance (Fig 2).
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Fig 2 Time-frame of Nuclear Plant Management in Japan
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Fig.3 shows the maintenance activities schematically. Repair is performed when ageing
degradation such as SCC and/or fatigue crack are conformed tangibly. Replacement is performed
regardless of subconscious or tangible of ageing degradation. Preventive maintenance is performed
before ageing degradation is actualized.

Maintenance Activities

Replacement
Preventive Maintenance Repair
Growth Tangible
of Flaw as a Flaw
Limitation of
the detection
Initiation
of flaw \
subconscious tangible Time

Start of operation

Fig 3 Definition of the maintenance activities

5. Definition and Classification
A repair, replacement and preventive maintenance are defined as follows.

0 Repair : methodology to restoration degraded parts by some methods such as welding so on, or
to prevent progress of degradation of without replacement of the existing structure when the
degradation of structure is tangible.

0 Replacement : methodology to replace the existing degraded structure with a new one or
improved one when the degradation of structure is tangible.

0 Preventive maintenance : methodology to mitigate the degradation or damaged condition.

Also, the parts to which it applied the above maintenance methodologies are classified into the
required function (structural strength, sealing function, other safety function).

6. Prescribed Items in the Maintenance Guidelines

There are several repair and replacement activities for the reactor internals. We clarify the three
fundamental methodologies and seven actual controlled items for each maintenance method.

[Three fundamental methodologies]

A. Precondition
To clarify the scope of the portion, environment, material, so on, as the application of the
precondition.

B. Essential Valuables
Prescribe the essential variables based on the precondition. To define the expected effectiveness
and secondary effect on certain various condition.

C. Basic Procedure
To confirm the boundary condition of the essential valuables on the operating procedure to
maintain the expected effectiveness.
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[Seven actual controlled items]
Effectiveness, Precondition, Applied parts and Equipments, Operating devices, Operating
procedure, Operator, Others

7. Sample of Maintenance Guideline

In this section, we illustrate two examples of maintenance guideline that developed pursuant to
above prescribed items.

7.1. Seal welding [3][4][5]

Seal welding can prevent the crack growth of SCC due to isolation of SCC from corrosion
environment in reactor coolant. Also, seal welded parts have the function to prevent reactor coolant
from leaking out of pressure boundary. (Fig.4)

A. Precondition

Seal welding is applied to the components of BWR and PWR core internals, including pressure
boundary components; core shroud, shroud support, control rod drive housing and stub-tube.
Materials are austenitic stainless steel and nickel based alloy. It required that the necessary structural
strength of parts is ensured by the remaining portion. This welding method does not need machining /
grinding for removing cracks, preparing grooves, nor buttering by weld.

B. Essential Valuables

It required to define welding method and condition as the essential valuables. Weld condition
includes heat input and welding wire supply rate and so on.
C. Basic Procedure

Laser welding and TIG welding have been applied as overlaying method. It is necessary to
confirm that welders qualified for each method are selected and trained before the actual operation.

Seal Welding

Fig 4 Pictures of seal welding
7.2. IHSI for pipings [6][7]

IHSI (Induction Heating Stress Improvement) can prevent SCC for piping. Through this process,
residual stress in the inner surface is improved for compression by induced thermal stress. The
fundamental methodologies on IHSI are as follow. (Fig.5)

A. Precondition

IHSI is applied to piping and nozzle safe-end such as Primary Loop Recirculation piping of BWR.
Materials are austenitic stainless steel and nickel based alloy. IHSI needs water cooling of inner
surface and heating of outer surface using heating coil in order to induce temperature difference in
pipe wall thickness direction.
B. Essential Valuables

It required to define minimum requirement such as the specification of objective location and the
heating condition by mock up test to ensure the expected effectiveness. The specification of objective
location is outer diameter and base material thickness. The heating condition is maximum heating
temperature and heating time, difference in temperature between outer and inner surface.
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Basic Procedure
In management of the essential valuable, it is necessary to confirm the heating condition within

the range among operation. In the actual operations, if you have any concern to disturb the above
operating condition you can control the operating parameter, based on the previous test result such as
duration of the heating time, so on.

8.

Heating coil

Fig 5 Concept of THSI
Conclusion

Inspection, Evaluation and Maintenance Guidelines are extremely useful to manage the nuclear

power plants, and these importance will be increase with the plant ageing. These guidelines have to be
developed with the technical and engineering improvement. Especially, the maintenance technologies
are making rapid progress.

Acknowledgement

We would like to express our gratitude to Professor Emeritus, Dr. Toshiharu NOMOTO who is

the chairman of guideline committee and Japan Nuclear Technology Institute that is administration of
guideline committee.

References

(1]
(2]

(3]
(4]

(5]
(6]
(7]

The Inspection and Evaluation Guidelines for Light Water Reactor Internals (the third edition), Japan
Nuclear Technology Institute

Codes for Nuclear Power Generation Facilities —Rules on Fitness-for-Services for Nuclear Power Plants-
(JSME S NA1-2008), Japan Society Mechanical Engineering

Guidelines on repairing methods (seal welding) (JANTI-VIP-01), Japan Nuclear Technology Institute
Seal-Welding over Cracks for Preventing SCC Propagation, E-Journal of Advanced Maintenance (EJAM),
Vol.1 No.1 (25 May 2009), NT3. <http://www.jsm.or.jp/ejam/Vol.1.No.1/NT/3/3.html>

Seal Welding of PWSCC at J-Weld of Reactor Vessel Head Penetration Nozzle, E-Journal of Advanced
Maintenance (EJAM), Vol.1 No.1 (25 May 2009), NT2. <http:/www.jsm.or.jp/ejam/Vol.1.No.1/NT/2/2.htm|>
Guidelines on repairing methods (stress improvement process by heat input from outer surface)
(JANTI-VIP-02), Japan Nuclear Technology Institute

IHSI (Induction Heating Stress Improvement) Preventive Maintenance Technology for Primary Loop
Recirculation Piping, E-Journal of Advanced Maintenance (EJAM), Vol.1 No.l (25 May 2009), NT6.
<http://www.jsm.or.jp/ejam/Vol.1.No.1/NT/6/6.html>

81




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


