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Study on the Nonlinear Sorption Models of Radionuclides through Saturated
Soils by Water

Masami Fukur*!

A number of models of sorption have been used to describe the transport of chemicals through
porous media, some representing an equilibrium between the concentration in adsorbed and in solu-
tion phase, and some modeling the kinetics to equlibrium.

Though analytical solutions for the material balance equation were obtained in linear isotherm
systems, some concentration distributions were not expected by them under practical soil conditions.
In this study, the finite difference method using quasilinearization technique was applied to solve the
palabolic partial differential equation which describes the transport of solutes, and contains the non-
linear sorption equations.

These models well describe the shapes of the concentration curves rather than the linear models. So,
this numerical approximation appears to have broad and practical utility so as to choose the sorption
model of radionuclides to soils and/or to predict the contamination spread accurately in case of the
accidental release of radionuclides from a repository into a subsurface aquifaer.

KEY WORDS : porous media, equilibrium, finite difference method, quasilinearization, dispersion, sorp-

tion model, nonlinear system, radionuclides, contamination spread, repository, subsur-

face aquifer

I ¥ B

1. #
OAEORETFAREN»OREL, BERCEEIRT
WAE VSVEEW R TH BE 2007 ¥ AETET
TADY, ZOEIBEHML T3, LONSEL
EL TV WEFETIE, 4848 Eotiie, Efg
T, BEIHERLERINZZ E3EL LR S,

* IR TP RRITIGHRE RN KRR B
HET (F590-04)
Division of Radiation Control, Research Reactor
Institute, Kyoto University; Kumatori-cho,
Sennan-gun, Osaka, Japan.

i

ZoBE, BABETIHEIRTWASY X S EKT
BRI REL, BENAHLRIRDZEVEESR

%,
Fio, NECRMPCEEE VY SARERY LS LT\
HEFLHFEINRTNBD,

X5 BREF R L CAYEENCEET AT
KERT, T HBETESE - L8 L O RGNS
WA TR ERE T ARG TH DM T RO, %
to, RIGHERRECHETRS B L 1B L ORER
WOFRE TS ECEERRT LD, BHE OB
&, E=2Y VIR LY LOREOBRN MR E LA
Lick LTh, ZOERDFERGMOECEFEIFET



112 & H E %

Table 1 Some models and equations for describing the movement of chemicals in soils.

Model Example Equation
linear Lapidus and Amundson Q=K,+K,C (1)
non-linear Houghton Q=K,+K,C+K,C? (2)
Freundlich Lindstrom and Boersma Q="F,Ctz (3)
competition  Bower Qa= Qs (ksC./Cs) (4)
between ions
“a” and “b”
modified Lai and Jurinak Q w (=C/Ce) (5)
Kjelland Q, w+ (1—w)-exp [ln ky+ks(1—2w)]
linear Lapidus and Amundson 0Q/0t=k¢( Ko+ K,C— Q) (6)
competition Hiester and Vermeulen 0Q./0t=Fk;(CaQs— (1/k3) QaChs) (7)
between ions
“a” and “b”

Lindstrom 0Q/0t=Fks exp(kyQ) [k C-exp (—2kQ)— Q] (8)
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Fig. 1 Concentration profiles in the solution phase obtained for various
equilibrium constants, where the inflow volume is 27 respectively.
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Fig. 3

The effect of the rate constant on the concentration profiles in

the solution phase for 0.4, 2 and 4r inflow volume.
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Fig. 4 The change of adsorption rate, dg/dr at
a dimensionless distance, z=0.4 with

inflow volume of a constant concentra-

tion.
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Fig. 5 The effect of dispersion coefficient on
the concentration profile.
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Fig. 6 The breakthrough curves at four distances, described using the

Eq. (22).
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Fig. 7 The concentration profiles for 4¢ inflow
volume, described using the Eq. (22).
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Fig. 8 The breakthrough curves at four distances, described using the
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Fig. 9 The concentration profiles for a 4r rectangular inflow wave, where
the sorption is obeyed to both reversible and irreversible reaction
with an adsorption concentration of saturation.
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Asymmetrical concentration profiles
described for a rectangular inflow wave
using Lindstrom’s model.



120 &

FOE X

o8-

w (-]

o6~

o4+

021

T =)

Fig. 11 The breakthrough curves which show the tailing edge, described

using the Eq. (25).

EDLEMIRCH AL, <72 — 2 PNBESMCIUET
BRI LI,

(i) WHEOBHBIC IS\ T, HHIEEARARE X
D HENRETT 7 P —REPERI W DBEL, £4L
HRBEENOBRESMERDHZ LI VIEBIIL
T2

(iv) BOEBHROMN D B OQE 2B X5
B %, RFZER MRS RGBTl L,

(v) BlEoih, BEEERS T —) v/ RER
HAicBEbh 2B %, EHBIMC I VB L L,
TEoYHE, LFEENEMETHL LD, SR
—AART 4 — & UTHESIEBEO LB 13 5 %58
ZEILRAEL, AR CRNCFEERACTREET
AMEER LTI Z ERDELEL bh 3,

2 E X B

1) M. WINTER, L.A. KONING and H. SCHULER;
Proceedings of International Radiation Protec-
tion Association, Vol. 2, p.621 (1977).

2) R B Y ER BT S BEHEREK O LS,
Wi BLE B O AU « Ao BT 2 HPTp R4,
FHEBARSER T PR (1972).

3) C.W.BoasT; Modeling the
chemicals in soils by water, Soi/ Sci., 115,
224 (1973).

4) L. Larpipus and N.R. AMUNDSON; Mathe-

movement of

matics of adsorption in beds. VI. The effect
of longitudinal diffusion in ion exchange and
chromatographic columns, J. Phys. Chem., 56,
984 (1952).

5) G. HOUGHTON; Band shapes in non-linear

7

8)

9)

10)

11)

12)

chromatography with axial dispersion, J. Phys.
Chem., 67, 88 (1963).

F.T. LINDSTROM and L. BOERSMA ; Theory of
chemical transport with simultaneous sorption
in a water saturated porous medium, Soil.
Sci., 110, 1 (1970).

C.A. BOwER, W.R. GARDNER and J.O.
GOERTZEN ; Dynamics of cation exchange in
soil columns, Soil Sci. Soc. Amer. Proc., 21,
20 (1957).

S.H. LAt and J.J. JURINAK; Numerical ap-
proximation of cation exchange in miscible
displacement through soil columns, ibid., 35,
894 (1971).

N.K. HIeSTER and T. VERMEULEN; Satura-
tion performance of ionexchange and adsorp-
tion columns, Chem. Eng. Prog., 48, 505
(1952).

F.T. LINDSTROM, and D.
STOCKARD; A theory on the mass transport

L. BOERSMA

of previously distributed chemicals in a water
saturated sorbing porous medium, Soil Sci.,
111, 192 (1971).

W.C. BasTIAN and L. LAPIDUS; Longitudinal
diffusion in ion exchange and chromatographic
columns. Finite Column, J. Phys. Chem., 60,
816 (1956).

J.M. DavipsoN, C.E. RIECK and P.W. SAN-
TELMANN ; Influence of water flux and porous
material on the movement of selected herb-
icides, Soil Sci. Soc. Am. Proc., 32, 629 (1968).



13)

14)

15)

16)

17)

18)

AAFNLHEK I 351 % O MR D IR = 5 MBI T B BFSR 121

J.M. DavipsoN and R.K. CHANG; Transport
of picloram in relation to soil physical condi-
tions and pore-water velocity, #bid., 36, 257
(1972).

S.H. LAl and J.J. JURINAK; The transport of
cations in soil columns at different pore ve-
locities, ibid, 36, 730 (1972).

C. MirsAa and B.K. MIiSHRA ; Miscible dis-
placement of nitrate and chloride under field
conditions, ibid, 41, 496 (1977).

J. RocHON, D. RaNgoN and J.P. GOURMEL;
Recherche en laboratoire sur la retention et
products de fission et de tronsuraniens, IAEA-
SM-243/155 (1979).

A.SALTELLI; Migration modelling of different
plutonium chemical forms through porous
media, “The Migration of Long-lived Radio-
nuclides in the Geosphere,” p. 165 (1979),
Brusseles.

F.T. LINDSTROM, R. HAQUE and W.R. Co-
III. A new
model for the kinetics of a adsorption-desorp-
tion processes, J. Phys. Chem., 74, 495 (1970).

SHOW ; Adsorption from solution.

19)

20)

21)

22)

23

N

24)

25)

26)

S.P. LEE; “Quasilinearization and Invariant
Imbedding,” p. 52 (1968),
New York and London.

M. Fukur; Evaluation of a combined sorption

Academic Press,

model for describing cesium transport in a
soil, Health Phys., 35, 555 (1978).

M. Fukul and K. KATSURAYAMA; Funda-
mental study on longitudinal dispersion of
tritiated water through porous media, ibid.,
28, 717 (1975).

BHIESE, HIUSEL,; MAPRBMACKT 2 BaHE
BfE 02BN BT 2 PR (D, RIEWE, 11, 193
(1976).

I LI, ZREBEE; JEA 4 VROY OMFBE),
HART a3, 18(7), 47 (1976).
BHIESE, Hl=; FEKhe RT3 REFGK
HHEEOBE, REYE, 11, 275 (1976).
fEHIESE, HEIUFM,; RRDEBR ST % BE
BROEHCET 2P (), REwE, 13, 93
(1978).

BIES, HIU=N; ATDERCETs C k
IO Sr 1 F vOREETARCET AR, K
FLMVEE, F2545, p.37 (1976).



