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COMPILATION ET EXAMEN CRITIQUES DES COEFFICIENTS MANQUANTS DE PARTAGE, Kd,

SOLIDES/LIQUIDES DU SOL POUR EMPLOI EN EVALUATIONS ENVIRONNEMENTALES

par

D.H. Thibault, .I. Sheppard et P.A. Smith

Les evaluations en matiere denvironnement du Concept canadien d'evacuation (stockage permanent) des dchets de combus-
tible nucleaire en formations de roche plutonique demandent des analyses de la migration des nucleides d'une engeinte d'evacua-
tion la biosphere. En analyses de la migration des nucleides entraines par les eaux souterraines travers la geosphere, les
morts-terrains et le sol meubles, on se sert de modeles demandant des coefficients de partage (Kd) solides/liquices pour dcrire
l'interaction des nucleides et des matieres solides. Ce rapport presente des coefficients de partage solides/liquides specifiques
des elements; les coefficients s'appuyent sur une etude biblingraphique detaillee. Les valeurs pour les argiles le limon (silt),
le sable et les sols organiques y sont resumes. Les coefficients de partage des elements suivants y sont presen es: americium,
antimoine, arsenic, baryum, bore, cadmium, calcium, carbone, cerium, cesium, chrome, cobalt, cuivre, europium, ide, fer, plomb,
lithium, manganese, molybdene, septunium, nickel, niobium, palladium, phosphore, plutonium, polonium, radium, ruchenium, samarium,
selenium, argent, strontium, technetium, tellurium, terbium, thorium, tain, tritium, uranium, zinc et zirconium On compare les
valeurs compilees en cette etude avec les ensembles precedents de valeurs de Kd; ces valeurs sont celles recommandees pour emploi
avec les modeles de sol, sdiments grande profondeur et morts-terrains de l Etude d'Impact sur l'Environnement du Concept cana-
dien d'evacuation des dchets de combustible nucleaire.
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ABSTRACT

Environmental assessments of the Canadian concept for disposal f nuclear fuel waste in plutonic rock formations require

analyses of the migration of nuclides from the disposal vault to the biosphere. Analyses of nuclide migration via groundwater

through the geosphere, unconsolidated overburden and soil use models requiring solid/liquid partition coefficients (Kd) to describe

the interaction of te nuclides with the solid materials. This report presents element-specific soil solid/liquid partition

coefficients based o a detailed survey of the literature. Values for clays, silt, sand and organic soils are summarized.

Partition coefficien s for the following elements are presented: americium, antimony, arsenic, barium, boron, cadmium, calcium,

carbon, cerium, cesium, chromium, cobalt, copper, curium, europium, iodine, iron, lead, lithium, manganese, molybdenum, neptunium,

nickel, niobium, pal adium, phosphorus, plutonium, polonium, radium, ruthenium, samarium, selenium, silver, strontium, technetium,

tellurium, terbium, thorium, tin, tritium, uranium, zinc, and zirconium. The values compiled in this study are compared with

earlier K value compendiums and are the values recommended for use in the soil, deep sediment and overburden models for the

Environmental Impact Statement on the concept for disposal of Canada's nuclear fuel waste.
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1. INTRODUCTION

Canada is onsidering geological containment in a vault deep in plutonic rock in the Canadian Shield as a method for

disposal of its nuclear fuel waste. Assessment of the integrity of geological containment requires pathways analysis to determine

the travel time from the vault to and through the biosphere of all the elements associated with the waste (Mehta and Goodwin 1988).

The travel time and :he predicted element concentrations in the biosphere will depend upon the interaction of the elements with

their surroundings a; they migrate. This interaction has been described using a solid/liquid partition coefficient, K, for

unconsolidated regolith, soil and rock (Gillham et al. 1981a and 1981b, Vandergraaf 1982). This report documents Kd values for

soil, according to the four major soil types found on the Canadian Shield. The K values are required for the soil, deep sediment

and overburden assessment models used in the Canadian Nuclear Fuel Waste Management Program (Goodwin et al. 1987, Sheppard in

preparation, Bird et al. in preparation).

Details of the chemistry of these elements can be found in the references listed in Appendix A. Details of the soils and

experiments for the (d value database compiled here are presented in table form in Appendix B.

2. METHODS

The data were extracted from the literature. The complete list of references are shown in Appendix A. The data were

accumulated in a computerize spreadsheet (Appendix B). Only one value was entered fr each soil reported in the literature. For

example, where K values for a range of soil to solution ratios, competing cations, contact solution concentrations or pH values

were reported for the same soil, the geometric nean of these results were recorded for that soil. Geometric as opposed to

arithmetic means are required because K values are lognormally distributed (Sheppard and Evenden 1989). The single values for each

soil's values were sed to obtain geometric means for each element and soil type.
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The mineral soils were categorized by texture into sand, clay and loam. The soils that contained 7 sand-sized

particles were classed as sand soils and those containing 35% clay-sized particles were classed as clay soils Loam soils had an

even distribution of sand-, clay-, and silt-sized particles or consisted of up to 80% silt-size particles. Organic soils contained

> 30% organic matter and were either classic peat or muck soils or the litter horizon of a mineral soil.

If no data existed in the literature for a given element, then the soil-to-plant

indicator of the element's bioavailability and a means to predict a default Kd value (Baes

each element are from Baes et al. (1984), and are shown in Table 1. Because of the strong

values, this technique is successful. The model used was

concentration ratio CR) was used as an

et al. 1984). The C values used for

negative correlation between CR and Kd

ln Kd = a + stex b (ln CR).

The values for the coefficients are

ln Kd = [4.62 + stex - 0.56(ln CR)

where, if the soil = sand, stex = -2.51,

if the soil = loam, stex = -1.26,

if the soil = clay, stex -0.84, and

if the soil = organic, stex = 0.

The regression analysis was carried out using the Reg procedure in SAS (Statistical Analysis Systems). The observed and predicted

values and their residuals from the regression analysis are shown in Appendix C.

Appendices A, B and C can be obtained on diskette from the authors.
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3. RESULTS AND DISCUSSIONS

Baes and Slarp (1983) compiled soil Kd values for several elements relevant to the nuclear industry (Table 2). Similarly,

Coughtrey et al. (1915) have reported best estimates and ranges for soil K values (Table 3). Earlier, we compiled a literature

search of data for te elements relevant to the Canadian Nuclear Fuel Waste Management Program for each of the four major soil types

found on the Canadian Shield (Sheppard et al. 1984). This present compendium includes our earlier data and additional data obtained

through a more recent literature search. The data are presented for each element by soil type in Tables 4 through 7, and the

geometric mean Ka values are summarized by soil type in Table 8.

The data from our study and the studies of Baes and Sharp (1983), and Coughtrey et al. (1985) are shown in Table 9.

The database from Coughtrey et al. (1985) is not very complete and will not be discussed in detail. To compare Baes and

Sharp (1983) with our study (Table 10), we used only our data for silt and clay, which tend to represent the agricultural soils of

Baes and Sharp. The r best estimates (exp ()) are generally lower than those in our study for silt and clay, except for Cr, Po,

Pu, Sr, U and Th, wh:ch are higher. The use of the lower K values of Baes and Sharp would lead to lower soil concentrations in

assessment models, and might result in the underprediction of doses in some pathways. Table 11 compares the ranges of only the silt

and clay values of our study with the ranges of Baes and Sharp (1983). This comparison clearly shows that even the range of values

reported by Baes and Sharp is generally lower than the range o values in our study.

We grouped the elements by K value and highlighted Tc, I, U and Np, some of the more mobile elements, to illustrate the

dependence on soil type. Generally the Kd values are lower in sandy soils than in either loam or clay soils. Iodine Kr values are

unaffected by mineral grain-size but increase dramatically as organic matter content increases. Other elements that have higher

mean values for organic soils than for clay soils are Ag, Ni, Am, and Th.



4. CONCLUSIONS

This compendium updates our earlier study (Sheppard et al. 984) and also that of Baes and Sharp (1983). It provides the

latest Ka data found in the international literature, including major studies carried out in the U.S., Europe ard Asia since the

1950s. This database will be used for the Environmental Impact Statement on the concept for disposal of Canada's nuclear fuel

waste.
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TABLE

CONCENTRATION RATIO (CR) VALUES WET WT BASIS) SED TO ESTIMATE
Ka VALUES OR EACH ELEMENT

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



TABLE 2

ESTIMATES OF THE DISTRIBUTION OF Kg FOR VARIOUS ELEMENTS IN
AGRICULTURAL SOILS

(from Baes and
AND CLAYS
Sharp, 1983, Table 4)
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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TABLE 3

BEST ESTIMATE CALCULATED RANGE VALUES
(from Coughtrey et al. 1985)

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

Mean of the logarithms of the observed values.
b Standard deviation of the logarithms of the observed values.
Geometric mean rounded to two significant digits.

d Nuclides with no observations have predicated default values for and
exp (p) using plant/soil concentration ratios (CRs).



Mean of the logarithms of the observed values.
b Standard deviation of the logarithms of the observed values.
Geometric mean rounded to two significant digits.
Nuclides with no observations have predicted default values for and
exp () using plant/soil concentration ratios (CRs).



TABLE 7

ORGANIC SOIL K VALUES
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

GM = geometric mean rounded to two significant digits.
Values with italic bold numbering come from the literature
Values ith regular numbering are predicted using plant/soil concentration
ratios (CRs).



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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TABLE

GROUPING OF ELEMENTS BY K AND SOIL TEXTURE USING GEOMPTRIC MEAN
FROM THIS STUDY AND HIGHLIGHTING MAJOR, TRENDS N THE DATA.

PREDICTED VALUES NOT USED
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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APPENDIX A

ELEMENT REFERENCES

(Arranged Alphabetically by Element Name)
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DETAILS OF SOILS AND EXPERIMENTS FOR THE

Kd VALUE DATABASE COMPILATION

LITERATIVE SURVEY SUMMARIES

(The tables are arranged alphabetically by element name)
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TABLE B-l (continued)
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TABLE B-3

ARSENIC K VALUES
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TABLE B-8

CERIUM Kd VALUES
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TABLE B-9

CESIUM K VALUES
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TABLE B-2 (continued)
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TABLE B-9 (continued)
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TABLE B-9 (continued)
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MANGANESE Ka VALUES
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TABLE B-23

PHOSPHORUS VALUES
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TABLE B-24 (continued)
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TABLE B-24 (concluded)
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TABLE B-26

RADIUM Ka VALUES
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TABLE B-28

SELENIUM Ka VALUES
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TABLE B-30 (continued)
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TABLE B-30 (continued)
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APPENDIX C

PREDICTION OF MISSING Kd VALUES FROM CR VALUES

This appendix provides the input file containing the recommended

CR values Baes et al. 1984) for SAS regression analysis, and

the output file showing the predicted Kd values for each nuclide

for each soil. A plot of predicted Kd values versus ln CR values

is also shown.

SAS User's Guide, Statistics, Version 5, SAS Institute Inc. Cary,

North Crolina, 1985.



data trnsfl:
input element Bvi 19-21 1 25-26 sakd sikd clkd orkd:
****these kd values are n-transformed mans, not GM
array string(4) sakd skd clkd orkd
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