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Ron, 
 
Attached is a document outlining my abstraction for incorporating reversible colloidal attachment in TPA.  It's a 
little more complicated than simply providing you a list of KD's and RD's.  Rather, it shows how they should be 
calculated.  I hope it's reasonably clear, but I'm sure you'll have questions...and so will I. 
 
What's involved: 
 
1. Adjustment of matrix KD's for UZ tuff. 
2. Adjustment of "immobile" RD's for SZ tuff. 
3. Adjustment of matrix RD's for alluvium. 
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Proposed Equations and Parameters for Irreversible Colloid Attachment in TPA Transport
Abstractions

David Pickett
January 21, 2003

The TPA approach to modeling reversible attachment involves an (optional) adjustment to
transport parameters that account for the increased mobility due to reversible attachment. Values
for KD and RD are re-calculated. Retardation in fractures is not modeled, consistent with the non-
colloid case. Note: none of these adjustments should be made to the new irreversible colloid
species.

1. Unsaturated Zone

The affected parameters in the UZ are the matrix KD’s for the various tuff units (because there is
no retardation in the fractures). The adjustment will be made to all radioelements that have a
non-zero KD, but it should be noted that the effect is smaller the smaller the starting KD. The
affected elements are Am, Pu, U, Np, Th, Ra, Pb, Cs, Ni, and Se. Curium should be included in
this list if it is given a non-zero KD; the current zero value is highly conservative.

Alternatively, the adjustment could be made to all radioelements, because those that are assigned
a zero value will remain zero. This would simplify later efforts if any elements are no longer
assumed to have no sorption. In any case, the adjustment should be made after the KD is
sampled. The adjustment should be made to every unit, e.g., MatrixKD_TSw_Am,
MatrixKD_ChnvAm, etc.

The adjustment is as follows:
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(Contardi et al., 2001, after Vilks et al., 1998) where KD is the given matrix KD (m3/kg) sampled
in TPA, CU is the colloid concentration in unsaturated zone water (kg/m3), and FT is a unitless
factor accounting for surface area differences between tuff matrix and colloids (Contardi et al.,
2001). CU and FT should be easily adjustable by the user; default values are:

CU = 0.001 kg/m3 (bounds 78% of the concentration data compiled by Contardi et al.,
2001)
FT = 590 (typical value for tuff in Contardi et al., 2001).

FractureRD_... values for the UZ can remain unaltered, as long as they continue to be unity.



2. Saturated Zone

A. SZ Tuff

For transport in the SZ tuff, relevant parameters are the “immobile” phase retardation factors and
the diffusion rate. (Fracture_RD_... values can remain unaltered as long as they continue to be
unity.) These two parameters affect how solute is transferred from the mobile fracture phase to
the “immobile” matrix. They are affected by reversible colloid attachment according to these
equations (note: these are not the equations that will be used in TPA):
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(Contardi et al., 2001, after Vilks et al., 1998) and
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(modified from CRWMS M&O, 2000, after CRWMS M&O, 1997). φ is the tuff matrix porosity,
equivalent to the input parameter ImmobilePorosity_STFF (currently a constant value of 0.2). ρ
is the grain density of the tuff matrix; a value of 2650 kg/m3 is appropriate (Contardi et al.,
2001). D is the diffusion coefficient, KD is the matrix KD (m3/kg), CT is the colloid concentration
in water in saturated tuff matrix (kg/m3), and FT is a unitless factor accounting for surface area
differences between matrix and colloids (Contardi et al., 2001). CT and FT should be easily
adjustable by the user; default values are:

CT = 0.001 kg/m3 (bounds 78% of the concentration data compiled by Contardi et al.,
2001)
FT = 590 (typical value for tuff in Contardi et al., 2001).

The retardation factors (e.g., ImmobileRD_STFF_Am) are element specific, and so could be
adjusted for colloids with the above equation. However, a single diffusion coefficient,
DiffusionRate_STFF = 0.001 m2/yr, is applied to all elements in TPA; adjustment of this
parameter would be inappropriate because elements are affected to very different degrees by
reversible attachment (see KD term in Deff equation). According to equations 10-1 and 10-2 of
CNWRA (2002; TPA 4.0 Module Description and User’s Guide), the retardation factor is
inversely proportional to the rate of change of concentration in the immobile phase, while the
diffusion coefficient is directly proportional. Therefore, the ratio of the diffusion coefficient to
the retardation factor, both adjusted for reversible attachment, implements the colloidal effect on
matrix diffusion. Because the diffusion coefficient cannot be adjusted (i.e., we cannot calculate
Deff for each element), the retardation factor RD,eff can be further adjusted so that the ratio is
element specific. That is:
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Using the equations above for Deff and RD,eff, knowing that D = 0.001 m2/yr, and rearranging
gives:
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This calculation should be applied to each “immobile” RD value in the TPA input (e.g.,
ImmobileRD_STFF_Am) using an element-specific KD (see below). The colloid adjustment can
either be applied only to those radioelements with a non-unity value (Am, Np, Cm, U, Pu, Th,
Ra, Pb, Cs, Ni, Se, and Nb) or to all radioelements (values that are unity will remain at unity,
because the KD calculated below will be zero). This formulation accounts for the competing
effects of the two parameters on matrix diffusion.

The KD value in the equation is not in the TPA input file; it must be extracted from the starting
RD (e.g., ImmobileRD_STFF_Am) in the input file, using this equation:
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(Freeze and Cherry, 1979), with φ and ρ as defined above. RD,eff’ can now be calculated and used
in place of the input file value for the “immobile” RD for each element.

B. SZ Alluvium

In TPA, transport in the alluvial aquifer is simulated with an element-specific retardation factor,
e.g., AlluviumMatrixRD_SAV_Am. The equation for the RD that accounts for reversible
attachment is:
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(Contardi et al., 2001, after Vilks et al., 1998), where KD is the matrix KD (m3/kg), CA is the
colloid concentration in water in saturated alluvium (kg/m3), and FA is a unitless factor
accounting for surface area differences between alluvium and colloids (Contardi et al., 2001). CA
and FA should be easily adjustable by the user; default values are:

CA = 0.001 kg/m3 (in middle of range of concentration data compiled by Contardi et al.,
2001)



FA = 630 (calculated for alluvium in Contardi et al., 2001).

φ is the alluvium matrix porosity; a value of 0.125, in the middle of the range for TPA parameter
AlluviumMatrixPorosity_SAV, should be used to be consistent with Contardi et al. (2001). ρ is
the grain density of the alluvium matrix; a value of 2500 kg/m3 should be used (Contardi et al.,
2001).

The KD value in the equation is not in the TPA input file; it must be extracted from the starting
RD (e.g., AlluviumMatrixRD_SAV_Am) in the input file, using this equation:
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(Freeze and Cherry, 1979), with φ and ρ as defined in the previous paragraph (note that φ and ρ
differ for the tuff and alluvial aquifers). RD,eff can now be calculated. This calculation can either
be applied to only those radioelements with non-unity alluvium retardation factors (Am, Np, Cm,
U, Pu, Th, Ra, Pb, Cs, Ni, Se, and Nb) or to all radioelements. Those with RD equal to one will
be unaffected by the calculation because calculated KD will be zero.  Note: this adjustment
should be made after the starting RD has been sampled and/or calculated with D. Turner’s
method.



<<
  /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


