UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, DC 20555 - 0001

June 13, 2008

The Honorable Dale E. Klein
Chairman

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

SUBJECT: ARTIST TEST PROGRAM
Dear Chairman Klein:

During the 553" meeting of the Advisory Committee on Reactor Safeguards, June 4-6, 2008,
we reviewed the results of the tests conducted by the Paul Scherrer Institut (PSI) at the Aerosol
Trapping in a Steam Generator Test (ARTIST) facility in Switzerland. During this review, we
had the benefit of discussions with representatives of the NRC staff. We also had the benefit of
the documents referenced.

CONCLUSION

The ARTIST test program has provided sufficient experimental data to close out Item 3.3a,
“Development of Experimental Information on Aerosol Source Term Attenuation on the
Secondary Side of Steam Generators,” of the NRC Steam Generator Action Plan.

BACKGROUND

The ARTIST test program was sponsored by an international consortium, including the NRC.
This was a four-year program and was completed in 2007. The program investigated the
retention of aerosols representative of those produced during severe core damage accidents as
they pass through a ruptured steam generator tube and are transported through the secondary
side of the steam generator. This retention is measured by the decontamination factor which is
the ratio of the aerosol mass entering the primary side of the steam generator to that exiting the
secondary side.

During this four-year program, a number of separate effects tests as well as large-scale integral
tests were performed. Several important variables were investigated, including: aerosol particle
size, composition and concentration, break location, break geometry, and carrier gas velocity.
The aerosols used in the program included 0.3 - 0.7 um diameter TiO, particles, and 1.4 - 3.7
pm diameter SiO, particles.

The scaled steam generator at the ARTIST test facility was 10.5 meters in height and contained
prototypic steam generator tubing, a separator, and a dryer. The tube bundle consisted of 276,
3.8 meters long U-tubes, which were welded to a tube sheet and supported by near-prototypic
support plates. The number of tubes in the bundle was selected to ensure dissipation of
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momentum in the horizontal direction before the flow escaped the tube bundle. Vertical flow
was similar to what would be expected in a full-size steam generator. The test program
evaluated aerosol deposition inside the steam generator tubes, on the tubes adjacent to the
break, along the secondary side of the steam generator tubes and shell, as well as on the steam
separator and dryer.

The decontamination factors measured in the program are consistent with earlier expert panel
recommendations made for NUREG-1150. The staff plans to use the test data obtained from
the ARTIST program to refine the MELCOR code. We concur with the staff that the ARTIST
test program has provided sufficient information to close out Item 3.3.a of the Steam Generator
Action Plan.

Dr. Dana A. Powers did not participate in the Committee’s deliberation regarding this matter.

Sincerely,
/RA/
William J. Shack
Chairman
REFERENCES
1. S. Glntay, D. Suckow, A. Dehbi, R. Kapulla, “ARTIST: Introduction and First Results,”
Paul Scherrer Institut, Nuclear Engineering and Design Vol. 231, pp 109-120, February
2004.
2. Memorandum to Mark A. Cunningham, Director, Division of Risk Assessment, Office of

Nuclear Reactor Regulation, from Farouk Eltawila, Director, Division of Systems
Analysis, Office of Nuclear Regulatory Research, “Steam Generator Action Plan (SGAP)
Item 3.3a — Develop Experimental Information on Source Term Attenuation on the
Secondary Side of Steam Generators (ARTIST Separate and Integral Tests),” November
8, 2007 (ML073040474 and ML073040435).

3. U.S. Nuclear Regulatory Commission “Steam Generator Action Plan,” July 31, 2007
(MLO72690547).

4. U.S. Nuclear Regulatory Commission, NUREG-1150, “Severe Accident Risks: An
Assessment for Five U.S. Nuclear Power Plants,” December 1990.



2.

momentum in the horizontal direction before the flow escaped the tube bundle. Vertical flow
was similar to what would be expected in a full-size steam generator. The test program
evaluated aerosol deposition inside the steam generator tubes, on the tubes adjacent to the
break, along the secondary side of the steam generator tubes and shell, as well as on the steam
separator and dryer.

The decontamination factors measured in the program are consistent with earlier expert panel
recommendations made for NUREG-1150. The staff plans to use the test data obtained from
the ARTIST program to refine the MELCOR code. We concur with the staff that the ARTIST
test program has provided sufficient information to close out Item 3.3.a of the Steam Generator
Action Plan.

Dr. Dana A. Powers did not participate in the Committee’s deliberation regarding this matter.

Sincerely,
/RA/
William J. Shack
Chairman
REFERENCES
1. S. Glntay, D. Suckow, A. Dehbi, R. Kapulla, “ARTIST: Introduction and First Results,”
Paul Scherrer Institut, Nuclear Engineering and Design Vol. 231, pp 109-120, February
2004.
2. Memorandum to Mark A. Cunningham, Director, Division of Risk Assessment, Office of

Nuclear Reactor Regulation, from Farouk Eltawila, Director, Division of Systems
Analysis, Office of Nuclear Regulatory Research, “Steam Generator Action Plan (SGAP)
Item 3.3a — Develop Experimental Information on Source Term Attenuation on the
Secondary Side of Steam Generators (ARTIST Separate and Integral Tests),” November
8, 2007 (ML073040474 and ML073040435).

3. U.S. Nuclear Regulatory Commission “Steam Generator Action Plan,” July 31, 2007
(MLO72690547).

4. U.S. Nuclear Regulatory Commission, NUREG-1150, “Severe Accident Risks: An
Assessment for Five U.S. Nuclear Power Plants,” December 1990.

Distribution:
See next page

Accession No: ML081620324 Publicly Available (Y/N): .Y Sensitive (Y/N):_N
Viewing Rights: [X] NRC Users or [ '] ACRS only or [] See restricted distribution

OFFICE ACRS SUNSI Review ACRS ACRS ACRS
NAME DBessette DBessette CSantos FPGillespie FPG f/AWJS
DATE 06/ 13 /08 06/ 13 /08 06/ 13 /08 06/ 13/08 06/ 13 /08

OFFICIAL RECORD COPY




Letter to the Honorable Dale E. Klein, Chairman, NRC, from William J. Shack, Chairman,
ACRS, dated June 13, 2008.

SUBJECT:  ARTIST Test Program

Distribution:

. Santos

. Dias

. Bessette

. Nourbakhsh

. Shukla

. Banerjee

Wen

. Duraiswamy
Abdullahi

. Vandermolen

. L. Brown

. Widmeyer

. Lee

Flack

. Murphy

Delgado

. Coleman

. Jaegers

Bloomer

. Champ

. Bates

. McKelvin

L. Mike
RidsSECYMailCenter
RidsEDOMailCenter
RidsNMSSOD
RidsNSIROD
RidsFSMEOD
RidsRESOD
RidsOIGMailCenter
RidsOGCMailCenter
RidsOCAAMailCenter
RidsOCAMailCenter
RidsNRROD
RidsNROOD
RidsOPAMail
RidsRGN1MailCenter
RidsRGN2MailCenter
RidsRGN3MailCenter
RidsRGN4MailCenter

VPWAOZC<CZUOINVITIZOIO>O




<<
  /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 /Warning
  /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 150
  /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 150
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (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 reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


