
 

 

March 22, 2011 

 

MEMORANDUM TO:  Stewart N. Bailey, Chief 
    Safety Issues Resolution Branch 
    Division of Safety Systems 
    Office of Nuclear Reactor Regulation 
 
FROM:    Blake A. Purnell, Project Manager /RA/ 
    Generic Communications and Power Uprate Branch 
    Division of Policy and Rulemaking 
    Office of Nuclear Reactor Regulation 

SUBJECT: PUBLIC SUMMARY OF FEBRUARY 2, 2011, PHONE CALL WITH 
PERFORMANCE CONTRACTING, INC. TO DISCUSS ITS NARROW 
FLUME TESTING  

On February 2, 2011, U.S. Nuclear Regulatory Commission (NRC) staff held a teleconference 
with representatives of Performance Contracting, Incorporated (PCI) and its partners (the 
vendor) to discuss technical issues concerning PCI’s narrow flume testing as it relates to 
pressurized-water reactor containment sump strainer performance.  Client licensees of PCI also 
participated in the call.  This teleconference was closed to the public due to the proprietary 
nature of the discussions.   

The following proprietary PCI documents were discussed during the call:   

• PCI-2010.12.17 Rev 0, “Debris Piles and Conclusions,” dated December 17, 2010 
• PDT-2010.11.12 Rev 3, “Narrow Flume Testing Data & Conclusions,” prepared by Alden 

Research Laboratory, Inc., dated January 2011 
 

DISCUSSION 

Debris Piles and Conclusions Document 

The “Debris Piles and Conclusions” document was provided by PCI in response to a question 
raised by the NRC staff during a meeting held on December 2, 2010.  A publicly available 
summary of the December 2, 2010, meeting is available in the NRC Agencywide Documents 
Access and Management System (ADAMS) at Accession Number ML103570129.   

The staff stated that there is some uncertainty regarding the potential for differences in 
particulate debris capture under test and plant conditions.  However, the staff noted that any 
difference is likely not significant and effects would be minimal when compared to 
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conservatisms inherent in the test procedures used for testing of pressurized-water reactor 
sump strainers.   

The staff had several comments regarding the citation of previous research in the document.  In 
general, the staff noted that the referenced testing was conducted under conditions that were 
not fully representative of plant conditions. Conditions that should be considered include debris 
size and potential pool velocities and turbulence.  Additionally, some statements in the paper 
were applicable under only some circumstances with opposite conditions possible under plant 
and break specific scenarios.   

The staff could not find bases in the referenced test documents for the conclusions that were 
drawn in the paper.  In addition, some of the conclusions were made regarding materials not 
tested in the referenced reports.  Specifically, the referenced testing did not include particulate 
debris which is the debris type of interest for this paper.  PCI stated that the conclusions were 
based on the test results and on its judgment.  The staff also considered the conclusion that any 
material with a specific gravity greater than one would sink in a pool after a loss-of-coolant 
accident (LOCA) to be oversimplified and not reflective of what could actually occur in the pool.  
For these reasons the staff concluded that the referenced tests should not be considered a 
basis for the conclusions drawn in the paper.  PCI agreed the context was not clear as to why 
they had referenced the subject research documents.  PCI stated it will revise the document to 
provide better context for the references.  

The paper also discussed miscellaneous debris.  The staff had not been concerned with 
miscellaneous debris entrapping particulate since it is not generally included in strainer head-
loss tests.  The reason for the discussion of miscellaneous debris was not clear to the staff.  PCI 
explained that miscellaneous and other debris types (e.g., RMI, glass from panels and bulbs) 
would be present in the post-LOCA containment fluid and could trap both fibrous and particulate 
debris.  PCI agreed that these debris types are not normally used for head loss tests, but they 
are present in the post-LOCA containment fluid and could significantly trap debris.     

The paper discussed the potential for chemical precipitates in a general way and stated that the 
formation of precipitates usually occurs relatively late in the LOCA recovery.  The formation of 
chemical precipitates is a plant-specific issue.  Although, the most problematic precipitates 
occur relatively late for most plants, some calcium based precipitates may form relatively early 
in the LOCA recovery.   

The staff noted that the paper did not discuss the potential for resuspension of settled debris in 
the plant after recirculation is initiated. 

The paper noted several reasons that some of the referenced test results were of limited use for 
evaluation of debris settling in the plant and during strainer testing.  The staff agreed that there 
are limitations to the application of the test data.  The staff is interested in reviewing tests that 
provided more relevant information regarding debris settlement.  In the absence of relevant 
data, the staff will conservatively evaluate how available data can be applied.  Current staff 
guidance for baseline evaluations is that all fine debris transports to the strainer.  The staff 
considers the vendor proposals as refinements to the baseline guidance. 
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PCI discussed a strainer head-loss test that simulated the potential for debris settlement by 
placing all debris in the test flume prior to starting the recirculation pump.  The staff noted that 
this test was not accepted as valid for several reasons including potential nonconservatisms.   

The staff agreed that some of the information presented in the paper was relevant with respect 
to this aspect of testing.  PCI agreed to revise the paper so that the material supported the 
purpose of the paper.   

Narrow Flume Testing Data and Conclusions Document 

The staff had several observations and questions regarding the narrow flume test data and 
conclusions that were provided for review.  The staff noted that it is difficult to determine 
whether transport is affected more by injection velocity or by debris concentration.   

The staff noted that the paper stated that the PCI debris preparation is more conservative than 
the guidance in Nuclear Energy Institute (NEI) 04-07, “Pressurized Water Reactor Sump 
Performance Evaluation Methodology,” and the associated NRC Safety Evaluation (SE).  The 
staff stated that both NEI 04-07 and the SE prescribe that all small fines (less than 4-inch 
grating size) are considered to be individual fibers and that these statements in NEI 04-07 and 
the SE are only applicable to a baseline evaluation, not to evaluations that provide refinements.  
Therefore, the staff does not consider PCI’s debris preparation to be more conservative.   

The staff noted that Section 2.3 of the document states that batch sizes are realistic, but the 
basis for this was not clear.  The staff’s interest is in realism when compared to the plant and 
test conditions.  The vendor stated that batch sizes were realistic when compared to the test 
condition and bounded the plant condition because all debris transported during the tests when 
the concentration was controlled.  The staff indicated that they understood the statement within 
this context.   

The staff noted that Section 5 of the document concludes that the effect of settled debris in the 
flume is conservative.  The staff questioned what behavior would occur at very low debris 
concentrations.  For example, what happens to transport and debris pile formation as debris 
concentration goes to lower values as would be more typical of the plant?  The staff agreed with 
the vendor for cases in which the transport test conditions bound those in the strainer tests.   

The staff questioned how plant versus narrow flume turbulence levels might influence transport.  
The vendor stated that the flume turbulence will provide prototypical conditions in future strainer 
head loss tests.  However, the staff was not sure that the turbulence level in the transport test 
flume was lower than that in the strainer test flume.  The vendor should validate this or explain 
why it does not impact the application of the test results to the strainer testing.  The vendor 
stated that since future strainer head-loss test flume designs will likely require turbulence 
generation, the test flumes will bound the plant turbulence conditions. 

The staff asked if the conditions in the transport tests bound those expected in the plant and the 
strainer tests or if the potential differences had been evaluated to ensure that the transport test 
conditions are realistic or conservative.  Conditions of concern include debris concentration, 
velocity, turbulence, flume lengths, flume widths, and debris pile heights that may occur in the 
plant and in testing.  The vendor stated that the purpose of the transport tests was not to 
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determine how much fiber will transport under various conditions, but was intended to determine 
whether flume width or wall effects have an effect on transport.   

The staff requested that the vendor provide the basis for limiting confirmatory testing to a 
particular range of velocities.  The vendor stated that these values were based on engineering 
judgment and provided its reasoning.  The staff was not convinced that these values are 
appropriate limits for requiring confirmatory testing.  The staff and vendor agreed that before 
certain tests are performed the test parameters should be reviewed by the staff and vendor.   

The staff requested an evaluation of the effect of a longer flume length on the transport and on 
the potential effects of flume length at lower velocities.  The vendor stated what it observed and 
the staff stated that it will review the test films to validate this behavior.   

The staff and vendor also discussed ongoing testing to determine the effects of jet and sheet 
flow breakup on the momentum added to the sump pool.  The vendor stated that preliminary 
small scale tests had been conducted and that the results were promising.  The results of the 
test program may be used to refine the pool turbulence calculations.  The vendor also stated 
that they had a solution for adding turbulence to the strainer test flume.   

Other Statements 

PCI inquired and the staff noted during the meeting that PCI has essentially addressed all of the 
open issues to the extent possible such that PCI could implement the refined Large Flume Test 
Protocol (LFTP); with the understanding of the staff’s need to review several plant specific 
issues or Hold Points prior to implementation. 

The staff noted that PCI has not submitted a topical report for its LFTP that could be referenced 
by licensees.  The possibility that PCI could provide a summary document of the LFTP that 
could reference other submittals by PCI was discussed.  The staff could document its review of 
the summary which would embody the refinements to the LFTP and include the Hold Points 
needed on a plant specific basis.  This approach would provide licensees with a reference to 
use for plant-specific testing done in accordance with the LFTP.  PCI agreed there are Hold 
Points that will need review by the NRC prior to proceeding with a test for a licensee and PCI 
intends to identify those in a generic protocol document. 

PCI stated it would review both documents discussed at the meeting and potentially provide 
draft updates. 

A meeting is planned for March 2011 to discuss progress regarding sheet and jet breakup 
testing and turbulence testing. 

Enclosure:  List of Participants 

cc: James Bleigh/PCI 
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Ludwig Haber Alden Research Laboratory 
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PERFORMANCE CONTRACTING, INC. TO DISCUSS ITS NARROW 
FLUME TESTING 

DISTRIBUTION: 

E-Mail: 

RidsNrrOd 
RidsNrrAdro 
RidsNrrAdes 
RidsNrrDss 
RidsNrrDci 
RidsNrrDpr 
RidsNrrDprPgcb 
RidsEdoMailCenter 
RidsAcrsAcnwMailCenter 
RidsOgcMailCenter 
------------------------------ 
Blake Purnell 
Stacey Rosenberg  
Paul Klein  
Stewart Bailey 
Stephen Smith 
Sher Bahadur 
Robert Taylor 



<<
  /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


