
Introduction

In order to prevent widespread dispersion of radionu-

clides into the human environment, radioactive waste

produced in nuclear facilities has been incorporated in

several kinds of matrices [1-6]. The objectives of immo-

bilization of radioactive waste is to convert the waste into

forms which are:

– Leach resistant so that the release of radionuclides

will be slow even though they may come into contact

with flowing water;

– Mechanically, physically and chemically stable for

handling, transport and disposal.

Concrete is widely used in low-level waste manage-

ment both as a means of solidifying waste and for contain-

ment of dry or liquid wastes. At present there is also wide-

spread interest in the use of near-surface concrete trench

systems for the disposal of radwaste materials. Typical

concrete is a mixture of cement, sand, granulate and water

in various proportions, that together determine the struc-

tural properties and tightness of the poured material. Ce-

ment is porous, continuously hydrating material whose

actual surface area greatly exceeds its geometric surface

area. In leaching, the rate of dissolution varies as a func-

tion of phase chemistry and this dissolution exposes or en-

larges pores; thus the leaching behavior must be related

to pore structure and the composition of the pore solution.

Although cement has several unfavorable characteristics

as a solidifying material, i. e. low volume reduction and

relatively high leachability, it possesses many practical

advantages: good mechanical characteristics, low cost,

easy operation and radiation and thermal stability.

Radionuclide Migration Through Porous Materials

The dispersion of radionuclides in porous materials,

such as grout or concrete, is described using a one dimen-

sional differential model [1,5].

(1)

Polish Journal of Environmental Studies Vol. 14, No 5 (2005), 699-701

Letter to Editor

Leaching Study on the Process of Solidification 
of Radionuclide 60Co in Concrete

I. Plecas

Vinca Institute of Nuclear Sciences, P. O. BOX 522, 11001 Belgrade, Serbia and Montenegro

Received: June 19, 2004

Accepted: Febuary 10, 2005

Abstract

To assess the safety for disposal of radioactive waste-cement composition, the leaching of 60Co from

a waste composite into a surrounding fluid has been studied. Leaching tests were carried out in accor-

dance with a method recommended by the IAEA. Determination of retardation factors, K
F

and coeffi-

cients of distribution, k
d
, using a simplified mathematical model for analyzing the migration of radionu-

clides, has been developed. Results presented in this paper are examples of results obtained in a 30-year

mortar and concrete testing project, which will influence the design of the engineered trench system for

a future central radioactive waste disposal center.

Keywords: concrete, leaching, immobilization, radioactive waste, retardation factors, coefficients of

distribution

e-mail: iplecas@vin.bg.ac.yu



or

(1')

where:

K
F

– retardation factor, K
f 
is velocity of radionuclide per 

velocity of the conveying fluid

D – diffusion coefficient (cm2/d) or (cm2/s)

A – concentration in liquid (mol/l) or (Bq)

X – length (cm)

V
v – 

velocity of leachant fluid (cm/d)

f – porosity (=) 1

ρ
T

– bulk density (g/cm3)

k
d 
– distribution coefficient (ml/g), = distribution factor 

of a radionuclide between soil and water (ml/g)

t – time (d).

Using Laplace transformation method, Eq.(1') be-

comes:

(2)

from which we can calculate a retardation factor, K
F
. The

coefficient of distribution, k
d
, can be calculated:

(3)

in which: V
v
, X, ρ

T
, t and A

o
are known. A

n
and D

e
can be de-

termined experimentally using a leaching test procedure [3].

Determining the Effective Coefficients of Diffusion

For the interpretation of the results of leach tests

shown in the following figures and tables, leach coeffi-

cient D is used and is defined as:

(4)

where:

D – Difussion coefficient (cm2/d) or (cm2/s);

m – (ΣA
n
/A

o
) x (1/√Σt), slope of the straight line (d-1/2);

A
o

– initial sample activity at time zero (Bq); (Table I)

A
n
– activity leached out of sample after leaching time t, (Bq);

t – time (d);

V – sample volume (cm3);

S – sample surface (cm2).

Experimental

Concrete samples were made of:

– Portland cement PC-20-Z-45 MPa

– Sand, fraction 0-2 mm

– granulate, fraction 2-4,4-8, and 8-15mm

– Water,

– Additive, Superfluidal);

More than 150 different formulations of concrete were

examined to optimize their mechanical and sorptive proper-

ties. In this paper we discuss four representative formula-

tions. Concrete compositions are shown in Table 1.

Results and Discusion

The results were obtained after 60 days. Using equa-

tion (4), coefficients of diffusion are calculated for four

experimental samples.

Using equations (2) and (3), retardation factors, K
F 
(=)

1, and distribution coefficients, k
d 
(ml/g) are calculated.

Table 2 gives 60Co, leach coefficients in different concrete

samples.
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Table 1. Representative formulation of concrete composition as grams, for 1000 cm3 of concrete.

Initial sample activity of 60Co, A
0
=8·107 Bq/sample

Table 2. Leach coefficients D
e 
(cm2/d) in different grout sam-

ples after 60 days, using Eq.(4).

Table 3. Retardation factor K
F

and coefficients of distribution

k
d 
(ml/g), after 60 days, ρ

T
=2.5 (g/cm3), f=0.15-0.30.



Table 3 gives the results of retardation factors, K
F

and

coefficients of distribution k
d 
(ml/g), for four mortar for-

mulations for each radionuclide, during 60 days.

Conclusions

The analysis of the results presented in Tables 2 and

3 shows that the values of retardation factors and coef-

ficients of radionuclides 60Co are similar to the litera-

ture data, and prove that the one-dimensional model can

be used for calculating parameters of the migration

process. The system of concrete trenches engineered as

a final disposal system for radioactive waste permits se-

cure preservation of radionuclides for more than 300

years in a future disposal system, with multiple safety

barriers.

Acknowledgements

This work was supported by the Ministry of Science

and Environmental Protection of the Republic of Serbia

under Contract No. 1985, “Research and Development of 

processes and materials for treatment of radioactive and

hazardous waste and environmental hazard assessment.”

References

1. BURNS R. H. Solidification of Low and Intermediate Level

Waste. Atomic Energy Rew. 9, 547,1971.

2. HASHIMOTO I., DESHPANDE K. B., THOMAS S. H.

Peclet Numbers and Retardation Factors for Ion Exchange

Columns. I&EC Fundamentals. 3, 213, 1964.

3. HESPE E. D. Leach Testing of Immobilized Radioactive

Waste Solids. AtomicEnergy Rev. 9,195, 1971.

4. LU A. H. Modelling of Radionuclide Migration from

a Low-Level Radioactive Waste burial Site. Health Physics.

34 (39), 39, 1978.

5. MORIYAMA N., DOJIRI S., MATSUZURU H. Leaching

of Cs from the Ion-Exchange Resin Incorporated in Poly-

ethylene or Cement Composite. Health Physics. 32,549,

1977. 

6. PLECAS I., MIHAJLOVIC LJ., KOSTADINOVIC A. Op-

timization of concrete containers composition in radioac-

tive waste technology. Radioactive waste management and

nuclear fuel cycle. 6 (2), 161, 1985.

Leaching Study in Process ... 701



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


