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In predicting hydrogeologic transport of a radionuclide chain flow 

one usually assunes a transport through a porous meditnn. However, some 

rock media surrounding buried wastes are better .characterized as 

inhomogenous fractured media. Grounili~ater flows mainly through macro 

fissures but is almost stationary in micropores intersecting these fissures. 

Molecular diffusion into and out of the rnicropores can affect the migration 

of nuclides ti1rough the fissures 1. I Jere we present the general analytical 

solution to fissure-flow transport of a radionuclide chain and demonstrate 

the chromatographic behavior of radionuclides in a three-member decay chain. 

Consider a fissure with planar surfaces separated by a width b, 

through which water flows in the z direction at velocity v. The surrounding 

rock, with a porosity e:, contains micropores which connect to the fissure 

surfaces. Dissolved radionuclides do not absorb on the fissure walls, but 

they can diffuse into and out of the rnicropores and adsorb on the micropore 

-1-



surfaces. TI1e governing equations for the transport of radionuclide i in 

the fissure and micropores are: 

aN. aN. 
1 1 

-"- + v -"-+ I..N. ot oZ 1 1 

az...t. D. 
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at- r. 
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= -
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1, 2, .... · (1) 

1' 2, .... (2) 

where Ni (z, t) and Mi (z, .y, t) are the aqueous concentrations of nuclide i 

in the fissure and rnicropores, respectively, Di ts the molecular 

diffusivity, Ki is the sorption retardation constant, and '-i is the decay 

constant. Ji (z,t) is they difft~ivc flt~ into micropores at the surface 

of the fissure (y=O), given by: 

aM. 
Jk(z,t) -e: D. 1 z>O, t>o, 1' 2, .... (3) = 8y 1 = 

1 y=O' 

The initial and boundary conditions arc: 

N.(z,O) = 0, z>O, 
1 

i 0::: 1,2,3, ... (4) 

M.(z,y,O) = 0, z>O, y>O, i = 1,2,3, ... (S) 
1 

N.(O,t) = ~(t), t>O, i = 1,2,3, ... (6) 
1 

Mi (z,O,t) = Ni(z,t), t>O, y>O, i = 1,2,3, ... (7) 

where t.f.(t) is the general time-dependent concentration of i at the waste 
1 

repository. 

An exact solution for the first member of a decay chain and an exact 
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recursive solution for a decay chain of arbitrary length have been obtained
2 

To obtain explicit solutions for the <.lecay chain at early times, we neglect 

radioactive decay in the micropores, resulting in: 

t 
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where 

Pi(t;a) (10) 

2 2 
e -a£Z /4t 

=----- (11) 

i 
( 1 

;,. -I. 
A1J = 1T ) o - r £ 

i 
q=j (Sq£-(SrR. ' r£- v(ar -a£) 

r"f£ 
q"f£ 

(12) 

Z<Djf §; a. - 1 1 
lJr£ = a -a 1 -ov: !J.' bi = 1 ' r £ 1 

The space-time-dependent concentration of the i-th species in the fissure 
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for a step release can be obtained by substituting the time-dependent source 

concentration N~(t), given by the Bateman equation4, into the above solution. 

The concentration for a band release can be obtained from the superposition 

theorem3• 

The concentration profiles for the radionuclide chain 234u + 
230Th + ZZ6Ra + 

are shown as the solid lines in Figure 1. Also shown are the profiles calculated 

for porous-flow transport. Because of the assumed lack of sorption on the 

macropore surfaces, the front of the concentration profile in fracture flow 

moves at the water velocity. Time delays for diffusion into and out of sorbing 

micropores spreads ·the concentration profile for fracture flow and considerably 

attenuates the peak concentrations below those predicted for flow through a 

porous medium with local sorptive equilibrit~. For the parameters assumed 

here, the peak concentration of 226Ra is a htmdred-fold less for fracture 

flow. An even greater reduction will occur if radioactive decay while in the 

micropores and sorption on the fissure walls a:re taken into account. The· 

spreading of the concentration profile due to rnicropore diffusion is quali

. tatively similar to, but considerably greater than, spreading by dispersion . 
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Figure Caption: 

Figure 1. Concentration profiles for the chain 234u ~ 230Th ~ 226 Ra ~ in 

fissure flow and in porous flow (t = 50,000 yr, no daughter nuclides initially 

present, leach time= 30,000 yr). 
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Figure 1. 
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