Evaluation of Long Term Core
Cooling Associated with Sump
Debris Effects

Chemical Precipitation in the Core

February 7, 2007
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Chemical Effects in the Core

Primary concern is for precipitation of
dissolved material in the core:

e Precipitation may occur by the boiling
concentration process

e Precipitation may occur due to temperature
iInduced solubility changes
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PWROG Investigation of Core
Precipitation

Evaluate potential for precipitate formation
to affect the performance of the ECCS:

e Evaluate chemical precipitates likely to form in core based
on expected core conditions post-LOCA

e Determine precipitate properties required to evaluate plant-
specific precipitation and its impact on fuel heat transfer

e Develop a methodology for plant specific prediction of
precipitation in the core
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Preliminary Analysis of Boiling
Concentration Process

e Boiling concentration process:

— In cold leg break scenarios, coolant inflow is
nearly equal to the core steaming rate

— Concentration of the chemical constituents may
occur due to boiling

e Of most concern early in accident (highest
steaming) when build up of dissolved ions is low
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Preliminary Analysis of Boiling
Concentration Process

e Plants with high dissolved ion concentrations will
be most susceptible
— Plants with high calcium dissolution entering the core as
opposed to precipitating in the sump
e Cal Sil and other fibrous insulation contribute to
calcium dissolution

— Cal Sil dissolves at lower temperatures, so greater
amount when have less steaming

— Other insulations contribute less calcium but are more
susceptible to dissolution at early high temperatures
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The Temperature Driven Precipitation
Process

e Applies to chemical species that become less
soluble at higher temperatures

e Chemical species with the highest differential
solubility will be deposited on the core most rapidly

e Solubilities of debris components at different
temperatures have been predicted using
thermodynamics

core
Sump debris temperature driven chemical precipi[b depOSitS
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emperature Driven Precipitation Process
- Preliminary Results
e Low risk for temperature driven precipitation on core

— Plants with calcium precipitation occurring in the sump

— Plants with low calcium dissolution

e Expected types of precipitation for these plants present low
risk
— For TSP plants, calcium phosphates form in sump and are
insoluble at all temperatures

— Aluminum compounds have low solubilities at typical sump
conditions and increasing solubility with temperature
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Temperature Driven Precipitation Process
- Preliminary Results

e Potential for temperature driven precipitation on
core

— Plants with significant amounts of calcium-containing
iInsulation

— Potential for calcium precipitation on the core due to
retrograde solubility of calcium compounds
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Temperature Driven Precipitation Process
- Calcium Borate Predicted to Form at 160°C and pH 9.4
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Temperature Driven Calcium Precipitation
-Competing effects

e Competing effect of pH on expected calcium
precipitation

— Calcium silicates and borates become more
soluble in core at lower pH values

— Greater dissolution of Cal Sil predicted in sump
solution at lower pH values
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Temperature Driven Calcium Precipitation
-None predicted at pH 7 and fuel temperature of 160°C
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Temperature Driven Calcium Precipitation
-Competing effects

e Presence of dissolved aluminum may impact
calcium precipitation

— When dissolved Al is present, reactions occur to form
calcium aluminum silicates in the sump

— These reactions will compete with deposition of
calcium borates on the core
e More detailed modeling will be required to
determine deposit quantities and their pH
dependence
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Temperature Driven Calcium Precipitation
-Results

e Calcium borate predicted to form at pH of 9.4 and core
temperature at time of recirculation

e No calcium precipitation predicted in case with pH of 7.0
and recirculation core temperature

e Conclusions: Dissolved calcium is concern for in-core
precipitation

e Plant specific evaluation required to evaluate impact of
Ca precipitation on core cooling

— Plant specific calcium concentration vs. time (based on
conditions in sump)

— Temperature and pH in core vs. time
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Summary

e There is a potential for precipitation of dissolved insulation
components on the fuel after a LOCA

e The most risk of core precipitation is expected to be in
plants with high levels of dissolved calcium entering the
core at elevated temperatures and pH

e Aluminum deposition on core by precipitation will be limited
by the low solubility of Al compounds and "normal”
solubility behavior

— Aluminum precipitates become more soluble at core temperatures
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Path Forward

e Build a model that includes simulation of the
boiling concentration process in the core

e Include debris dissolution rates in the model

e Predict precipitation expected to occur in the core
based on plant specific conditions

e Use quantitative core deposit estimates from
model to evaluate the impact of precipitation on
fuel heat transfer

I
|

PWROG
Slide 15




<<
  /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


