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Response to

Request for Additional Information No. 384 (4350, 4351, 4469, 4498, 4527),
Revision 0

5/20/10

U.S. EPR Standard Design Certification
AREVA NP Inc.
Docket No. 52-020
SRP Section: 03.03.02 - Tornado Loads
SRP Section: 03.04.02 - Analysis Procedures
SRP Section: 03.08.04 - Other Seismic Category | Structures
SRP Section: 03.09.02 - Dynamic Testing and Analysis of Systems Structures and
Components
SRP Section: 03.10 - Seismic and Dynamic Qualification of Mechanical and
Electrical Equipment

Application Section: FSAR Chapter 3
QUESTIONS for Structural Engineering Branch 2 (ESBWR/ABWR Projects) (SEB2)

QUESTIONS for Engineering Mechanics Branch 2 (ESBWR/ABWR Projects)
(EMB2)
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Question 03.09.02-68:

Additional information needed regarding FSAR Section 5.4.2.3.1:

a.

In FSAR Section 5.4.2.3.1, it is stated that the evaluation included analysis of the tube
support system, research with tube vibration model tests and operating experience of
similar SG designs in France.

Provide the applicable details or reference documents relating to the vibration model
tests and operating experience of similar SG designs in France, for staff review.

In FSAR Section 5.4.2.3.1, it is stated that the tube bundle was evaluated for fluid-elastic
instability over the first 60 vibration modes by evaluating the ratio of the critical velocity
to the effective cross-flow velocity to an allowable fluid-elastic stability margin of 1.3. The
evaluation was performed using parameters including “Connors’ constants” and damping
for the straight and U-bend sections which were assessed through testing. The results
indicated that fluid-elastic instability will not occur during full-power, steady-state, normal
operating conditions.

Provide the applicable details or reference documents to support the results indicating
that fluid-elastic instability will not occur during full-power, steady-state and normal
operating conditions for staff review.

In FSAR Section 5.4.2.3.1, it is stated that for flow-induced vibration resulting from
random turbulence and vortex-shedding excitations, the resulting amplitudes and
stresses were computed considering the cumulative effect of the first 60 vibration
modes. The results were compared to allowable limits that would prevent high cycle
fatigue failure and tube impacts with adjacent tubes. Both an un-degraded tube and a
degraded tube with 40 percent through-wall wear flaws at the tube support locations
were evaluated.

Provide the applicable details or reference documents to support the statement that the
allowable limits that would prevent high cycle fatigue failure and tube impacts would not
be exceeded for staff review.

In FSAR Section 5.4.2.3.1, it is stated that consideration was given to possible excitation
from the RCP acoustic pressure fluctuations resulting from the blade passing
frequencies. The effects of this excitation mechanism on the tube bundle were shown to
be negligible.

Provide the applicable details or reference documents to support the statement that the
effects from acoustic pressure fluctuations resulting from the blade passing frequencies
would be negligible for staff review.

Response to Question 03.09.02-68:

Response for subpart (a.):

AREVA NP performed tube vibration testing to determine the damping ratio and Connors’
Constant for U.S. EPR Steam Generator tube bundle design characteristics. This testing also
evaluated the inclusive damping ratio, which takes into account damping associated with non-
linear tube to tube-support-plate (TSP) interactions and secondary side fluid effects.
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Tube-to-TSP interaction damping ratio was determined using EVA 2 mockup tests. The EVA 2
mockup consisted of a cylindrical pressure vessel with a nominal diameter of 27.6 inches that
are closed at both ends by ellipsoidal heads. Eighty U-tubes (eight rows of ten tubes each)
were installed in a 1.08 inch square pitch pattern. Tube OD was 0.750 inch with a wall thickness
of 0.043 inches. The straight section length for each tube was 86.7 inches. The smallest U-
bend radius was 2.95 inches and the largest was 12.67 inches. Two quatrefoil-broached TSP
were installed in the test section at 40.87 inches and 81.73 inches above the tube-sheet (TS).
The five rows of U-bend sections were fixed by anti-vibration bars (AVB).

Secondary side two phase fluid damping ratio was based on industry data (References 1
through 4). An additional 2 percent damping was credited to tube elevations where the void
fraction was between 60 percent and 90 percent.

The value of Connors’ constant () depends on the type of tube bundle and the phase of
secondary side fluid. Connors’ coefficient values were developed from empirical data collected
during experiments and mockup tests, particularly the SRM and EVA tests (References 1
through 4). Results of these tests are discussed in EPRI report NP-4559 (May 1986) and EPRI
SG reference book (1985).

For straight tube sections, based on conservative values derived from experimental results, a
Connors’ constant (B) equal to 3.0 was determined. For the U-bend region, a lower bound value
of 4.0 for the Connors’ constant was determined. These values are derived from the following
test results:

SRM test results:

Fluid-elastic instability was observed in.a single phase flow regime to determine a Connors’
constant () equal to 6.5 and a reduced damping of 3 percent.

EVA test results:

When fluid flow is a steam/water mixture, the Connors’ constant (B) is at least equal to that
measured in single phase flow condition. For the U-bend region, EVA tests showed that a
Connors’ constant () equal to 6.5 is the lower bound. However, due to damping coefficient
measurement uncertainty, a supplementary margin was considered and a Connors’ constant (3)
equal to 4.0 was selected for the U-bend region of the tube bundle.

Response for subpart (b.):

The U.S. EPR steam generator tube bundle FIV analysis is available for NRC inspection.
Response for subpart (c.):

The U.S. EPR steam generator tube bundle FIV analysis is available for NRC inspection.

Response for subpart (d.):

The U.S. EPR steam generator tube bundle FIV analysis is available for NRC inspection.
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FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


