ACRS Subcommittee on Plant License Renewal September 8, 2010,
Room T-2B1, 11545 Rockville Pike, Rockville, Maryland. (Palo Verde)

Facts for the Subcommittee and for the record:

1. On May 23, 2007 Bonaca wrote Kline, SUBJECT: PROPOSED
TECHNICAL BASIS FOR THE REVISION TO 10 CFR 50.46 LOCA
EMBRITTLEMENT CRITERIA FOR FUEL CLADDING MATERIALS,
ML0O71490090. Bonaca wrote, “The requirements of 10 CFR 50.46 (a) and
(b) limit the amount of embrittlement that may occur as result of a design
basis accident. They specify limits for the peak clad temperature, the global
oxidation of cladding, and the local oxidation of cladding. There are several
deficiencies with the current regulations. The correlation specified for the
rates of steam reaction with the cladding is viewed by the technical
community as an anachronism.” Now, Appendix K to Part 50--ECCS
Evaluation Models, Item 5, specifies that the rate of energy release from the
metal/water reaction shall be calculated using the Baker-Just equation and §
50.46 Acceptance Criteria, item (b)(1) specifies the peak clad temperature,
2200 degrees.

2. The NRC staff fiercely defends Baker-Just in its Technical Safety Analysis,
ML041210109, April 29, 2004, “The Baker-Just correlation using the current
range of parameter inputs is conservative and adequate to assess Appendix
K ECCS performance. Virtually every data set published since the Baker-
Just correlation was developed has clearly demonstrated the conservatism of
the correlation above 1800°F.”

3. The nuclear power industry fiercely defends Baker- Just in its Industry
Comments, ML101040678, April 12, 2010, “The Baker-Just correlation, using
the current range of parameter inputs, has been shown to be conservative
and adequate to assess Appendix K ECCS performance. Data published
since the Baker-Just correlation was developed has clearly demonstrated the
conservatism of the correlation above 1800°F”

4. Contrary to the exceptionally firm consistency between the NEI and NRC
appraisals of Baker-Just, the pertinent data sets published since the Baker-
Just correlation was developed have clearly demonstrated the non-
conservatism of the Baker-Just correlation above 1800°F. The NRC has not
recognized that investigations that involve heating of single specimens of
zirconium alloys in steam do not yield applicable data for the temperature or
range of temperatures at which thermal runaway is initiated in LWRs.



5. NRC has apparently never studied Baker-Just (ML050550198) and until
April 2010 it did not even have copies of the key references. Figure 16 is
copied from page 37 of the Baker-Just report ML050550198.
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Only the Lemmon data includes the pertinent temperature region. The
Lemmon report, ML100570218, was not acquired by NRC until April, 2010.
Thus, NRC never studied Baker-Just. Figure C-1 is from Lemmon page C-4;

the adjacent figure is excerpted from the flow sheet, Figure C-3 on page C-5.
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Lemmon induction heated a zircaloy-2 cylinder, 2” long by 0.5” dia. in steam.

FIGURE C-1, ZIRCALOY 2 SPECIMEN



6. Itis absurd to license the emergency cooling of tons of zirconium alloy
having thousands of square feet of interfacial surface area based on the
limited investigations that yielded the Baker-Just equation. Despite this,
Appendix K to Part 50--ECCS Evaluation Models, Item 5, specifies that the
rate of energy release from the metal/water reaction shall be calculated using
the Baker-Just equation and § 50.46 Acceptance Criteria, item (b)(1) specifies
the 2200 degrees.

7. Data from multi-rod (assembly) severe fuel damage experiments (e.g., the
LOFT LP-FP-2 experiment) show the Baker-Just equation is non-
conservative for calculating the temperature at which thermal runaway would
occur in the event of a LOCA.

8. Investigations by P. Hofmann et al. at Forschungszentrum Karlsruhe reveal that the
Baker-Just equation is non-conservative for calculating the temperature at which thermal
runaway will occur in a LOCA. Their report is, Physico-Chemical Behavior of Zircaloy Fuel
Rod Cladding Tubes During LWR Severe Accident Reflood, Part |: Experimental results of
single rod quench experiments, FZKA 5846, http:/bibliothek.fzk.de/zb/berichte/FZKA5846.pdf

On page 5 of 177: A series of separate-effects tests is being carried out on Zircaloy PWR
fuel rod cladding to study the enhanced oxidation which can occur on quenching. In these
tests, performed in the QUENCH rig, single tube specimens are heated by induction fo
a high temperature and then quenched by water or rapidly cooled down by steam injection.

On gage 12 of 177: No significant temperature excursion during quenching occurred
such as had been observed for example in the quenched (flooded) CORA-bundle
tests This absence of any temperature escalation is believed to be due to the high
radiative heat losses in the QUENCH rig.

And in, “CORA Experiments on the Materials Behavior of LWR Fuel Rod Bundles at High
Temperatures,” NUREG/CP-0119, Vol. 2, Proceedings of the Nineteenth Water Reactor
Safety Information Meeting. ML042230460, P. Hofmann et al.

On page 98 of 493: The critical temperature above which uncontrolled temperature
escalation takes place due to the exothermic zirconium/steam reaction crucially depends
on the heat loss from the bundle; i.e., on bundle insulation. With the good bundle insulation
in the CORA test facility, temperature escalation starts between 1100 and 1200°C
(2012 to 2192°F), giving rise to a maximum heating rate of 15 K/sec.

9. Itis amazing that the ACRS has never reviewed Baker-Just in the course
of producing its recommendations regarding the initial licensing, the extended
licensing and the licensing of power level increases of numerous American
light water reactors.
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6.3.3 PERFORMANCE EVALUATION

6.3.3.1 Introduction and Summary

10 CFR 50.46 provides acceptance criteria for Emergency Core
Cooling Systems (ECCS) for light-water nuclear power reactors
[Reference 1] . The ECCS performance analyses described in this
section demonstrate that the PVNGS ECCS design satisfies these
criteria.

The PVNGS ECCS performance analyses encompass a wide range of
Reactor Coolant System (RCS) break locations and sizes, including
both large and small break Loss-of-Coolant Accident (LOCAs). The
limiting break, which results in the closest approach to 10 CFR
50.46 acceptance criterion for peak clad temperature, is a 0.6
DEG/PD (Double-Ended Guillotine in the Reactor Coolant Pump
Discharge leg) as noted in UFSAR Section 6.3.3.2. The limiting
break, which results in the closest approach to 10 CFR 50.46
acceptance criterion maximum clad oxidation (or local clad
oxidation), is a 0.8 DEG/PD as noted in UFSAR Section 6.3.3.2.
For these limiting breaks, the PVNGS ECCS design meets the
acceptance criteria of 10 CFR 50.46 as follows:

Criterion 1: Peak Cladding Temperature. ". . .The
calculated maximum fuel element cladding

temperature shall not exceed 2200°F. . . ."
For the limiting break, the PVNGS ECCS
performance analysis yielded a peak cladding

temperature of 2110°F.

PVNGS UPDATED FSAR
EMERGENCY CORE COOLING SYSTEM
June 2007 6.3-130 Revision 14

6.3.6 REFERENCES
1. Code of Federal Regulations, Title 10, Part 50,

Section 50.46, "Acceptance Criteria for Emergency Core
Cooling Systems for Light Water Nuclear Power Reactors."




<<
  /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


