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Abstract—A model equation for nuclide leaching from cementitious waste form is formulated based on
diffusion, sorption equilibrium, and the continuity boundary conditions of concentration and flux on the waste
form surface. Nuclide release unrelated to diffusive transport mechanism is reflected in the model as a
wash-off fraction which depends on the surface conditions of the waste form. This leaching model is validated
by comparison with the results of leaching experiments in various environments including land water, sea
water and soils. It is expected that this leaching model will be used satisfactorily in analyzing various leaching
experimental results.
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Fig. 1. Normalized concentration C(r, t)/C, in the waste
form(0<r<a) and Cy(r, t)/Co in the surrounding
medium(r>a) of Cs-137 at t=10 days, 1000 days,
and 5000 days(D;= D, for free water, no sorption
in media; D,=D, for backfill same as waste).
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Table 1. Full size cement forms for sea water tests[4]

ol - A

Test Nominal Mix Radionuclide added to . . .
piece volume ratio of waste form(10° Bq) Diameter Height Weight
no. o waste Co-60 Sr-90 Cs-137 (mm) (mm) (ke)
K1 200 0.05 16.3 3.63 14.1 568 726 359.4
K2 200 0.05 16.3 3.63 14.1 568 725 359.0
K3 200 0.067 248 1.67 118 567 744 373.8
K4 200 0.067 243 1.67 118 568 748 375.2

Table 2. Full size cement forms for land water tests[4]

Test Nominal Mlx Radionuclide adﬂded to Diameter Height Weight
piece volume ratio of waste form(107 Bq)

no. ) waste Co-60 Sr-90 Cs-137 (mm) (mm) (ke)
R1 200 0.05 2.48 1.67 115 568 760 372.2
R2 200 0.05 2.44 1.63 115 567 751 369.4
R3 200 0.067 2.89 1.92 111 567 706 360.0
R4 200 0.067 2.89 1.92 1.15 567 707 362.2
R5 50 0.05 0.70 0.48 0.34 390 453 107.6
R6 50 0.067 0.70 0.48 0.34 390 453 107.8
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Table 3. Full size cement forms for soil tests[4]

'I"est Nominal MIX Radionuclide ad7ded to Diameter Height Weight
piece volume ratio of waste form(10” Bq)

no. ()] waste Co-60 Sr-90 Cs-137 (mm) (mm) (ke)
D1 200 0.05 237 1.59 1.11 567 744 361.0
D2 200 0.05 244 1.63 1.15 567 752 369.2
D3 200 0.05 2.52 1.67 1.18 567 771 379.8
D4 200 0.05 241 1.55 1.11 568 720 353.2
D5 50 0.05 0.78 0.52 0.36 390 498 114.6
Dé 50 0.05 0.67 0.44 0.31 390 430 101.0
D7 50 0.05 0.78 0.52 0.36 389 499 1164
D8 50 0.05 0.74 0.52 0.34 389 447 109.8
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Fig. 2. Comparison of the measured cumulative release
fraction[4] and the estimated cumulative release
fraction of Cs-137 and Sr-90 in land water as a
function of time after initiation of leaching test.
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Fig. 3. Comparison of the measured cumulative release

fraction[4] and the estimated cumulative release
fraction of Cs-137 and Sr-90 in sea water as a
function of time after initiation of leaching test.
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a :radius of the cylindrical waste form [m]

Co :initial concentration of the radionuclide of inter-
est in pore water of the waste package [g/m’]

Ci(r, t) : concentration of the radionuclide in pore
water inside the waste package [g/m®]

Cy(r, t) : concentration of the radionuclide in pore
water of surrounding medium [g/m®]

D. :diffusion coefficient of the radionuclide in pore
water in the waste form [cm?/s]

D, :diffusion coefficient of the radionuclide in pore
water in the surrounding medium [cm?/s]

K, :sorption equilibrium ratio of the radionuclide in
the waste form [ml/g]

I, 1, Ko Ki: modified Bessel functions

M?° :initial inventory of the radionuclide in the waste

form [g]

: distance from the center of the waste form [m]

R, :retardation coefficient of the radionuclide in the

waste form [-] (R:l—#%Rd])
1

=

Rd, :sorption ratio of the radionuclide in the waste

. form [ml/g]

Rd, : sorption ratio of the radionuclide in the sur-
rounding medium [ml/g]

R, :retardation coefficient of the radionuclide in the

surrounding medium [-] (Rp=1+~‘:3Rd2)
-2

g A2 vl P33 145

t :time after the initiation of leaching [yr]

g, :porosity of the waste form [-]

€& :porosity of the surrounding medium [-]

A :decay constant of the radionuclide [1/yr]

p1 :bulk density of the waste form [g/ml]

p2 :bulk density of the surrounding medium [g/ml]
t :geometric factor [-]
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N,(r, t)=Cy(r, t)eM (A-2)
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r

146 AR - 233

r>a, t>0 (A-4)
Ny(r, 0)=Co, 0<r<a (A-5)
Na(r, 0)=0, r>a (A-6)
Ni(a, t)=Na(a, t), t>0 (A7)
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MNOY o (A-9)
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Ny(co, t)=0, t20 (A-10)
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Ni(r, s):ﬁ Ni(r, t) exp(—st) dt
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