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A form of colloid migration that can enhance or retard the migration of a dittolved contaminant in ground 
water it the torption of the contaminant on the moving colloidal particulate to form pteudocolloidt. In thit 
paper we develop analytical solutions for the interactive migration of radioactive species dissolved in ground 
water and sorbed at pteudocolloidt. 
The tolute and pseudocolloids are assumed to undergo advection and dispersion in a on dimensional flow 
field in planar fractures in porout rock. Interaction between pteudocolloid and dissolved si •ciet is described 
by equilibrium sorption. Sorbed species on the pteudocolloids undergo radioactive decay, and pseudocolloids 
can sorb on fracture surfaces and sedimenta. Filtration it neglected. The tolute can decay and sorb on 
pteudocolloids, on the fracture turfacet, aad oa sediments and can diffuse into the porout rc-k matrix. 

The matt balance for the pseudocolloid, per unit volume of fracture, it 

of . ^ f ^+< ,< , . , ^^+r 1 5 1 (« ,< )+« 1 5 l ( * ,0 -« . f .A2 !^2 + < 1 { 1 AC l =0, *><U >0 (1) 
where Ci(*,l) it the amount of species sorbed on the colloid per unit volume of solid colloid v\ is the 
colloid pore velocity, D\ it the colloid dispersion coefficient, A it the decay constant, «i it the porosity within 
the fracture, (i it the constant, volume fraction of pteudocollokki in fracture liquid, (i5i(r,t) is »*<• rate of 
sorption to stationary solid, <|Sj(*,e) it the rate of detorption from the pseudocolloid. 
For the same species at solute in liquid in the fracture 

dCt(x,t) cX7,(«,t) , - , _ l W . , _ r t , » d>Ct(*,t) . _ , „ . ,(z,t) , f * n / o , 

where Cj(r,<) it the solute concentration in the fracture liquid, «j it the tolute pore velocity, C|5j(x,f) it the 
rate of tolute sorption on stationary fracture solids, t is the fracture half-width, and f(*,f) it the diffusive 
solute flux into the rock matrix, given by 

tW{«.y,0| 
l y . l 

K«.0--«.fl> y J | , *>0 , t>0 (3) 

<r is the rock porosity, Df it the solute diffusion coefficient in rock, and /v*(x,y,<) is the solute concentration 
in pore water in the rock. 
For solute species sorbed on stationary fracture solids 

( 1 - c i ) * * ^ ' ' * - f | S , + ( l - < , ) A C a ( « . « ) « 0 , * > 0 , < > 0 (4) 

where Ca(x,t) * the concentration of sorbed solute species.. 
For species sorbed at pseudocolloids on the stationary fracture solids 
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where (3 is the constant volume fraction of the sorbed colloid per unit volume of the stationary fracture 
solid. 
Inside the rock matrix 

dNix^l _ D d*N{xJ) + flpA./V(ilt) = 0, * > 0 , i > 0 , y>0 (6) 3t ' dy3 

where Rp is the solute retardation coefficient in the rock matrix. 
We assume linear sorption equilibrium between the solute species in the fracture liquid and the same species 
sorbed on the colloid. Both the solute species and the colloids in the fracture liquid are assumed to undergo 
linear sorption equilibrium with the fracture solids 

C|(«,Q (7) 

From eq. (l)-(S), we can obtain the equation for C| in terms of the effective retardation factor R, dispersion 
coefficient £>, and velocity v. 

where 

a £ ^ + .«£jM-i£§^ + i,^(..o + s M . o , *>o, i>o 
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x > 0, t > 0 

x > 0, 1 > 0 

The initial and boundary conditions are 
tf(*,oo,«) = 0, 

JV-(X.M) = 4~Cy (*,<), 

yV(*,y,u) = 0, x>0 , » > 0 

c,(o,«) = **,<?., 0 0 
Ci(oo,i) = 0, i > 0 

Cj(r,0) = 0, * > 0 
where C, is the inlet solute concentration. 
The solution is 

x > erfc exp "(n"Sa)\ 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

rfr, 

x >0,t > 0 (18) 
In Figure 1, we show the concentration profiles of species as solute and pseudocolloid, for assumed parameters 
and for a step release. Matrix diffusion of the solute, together with dispersion in fracture flow, result in a 
monotonic decrease in the concentrations of solute and pseudocolbids, approaching zero concentration at 
the front. Solute and pseudocolloid remain in constant ratio within the fracture liquid. 
In a separate publication we will present a similar analysis of coupled transport of colloids and solute, with 
solubility equilibrium between the colloid and solute. 
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i DISCLAIMER j 
i i 
' Tk i i document was prepared M an account of work spomored ' 
| by ike United S u m Government. Neither the United Staiei | 
, Government nor any agency thereof, nor The Regents of the , 
1 University of California, nor any of their employee!, makei any ! 
' warranty, express or imphed, or iNumei any legal liability or | 
', responsibility for the accuracy, completeness, or usefulness of , 
• any information, apparatiu, product, or proceM diidoied, or i 
' repreaenu that i u ute would not infringe privately owned rights. ' 
I Reference herein to any specific commercial productt process, or ' 
i aervice by it> tndc name, trademark, manufacturer, or other- i 
' wiie, doet not ncceaaarily constitute or imply its endorsement, | 
| recommendation, or favoring by the United Stales Government j 
, or any agency thereof, or The Regents of the University of Cali- j 
i fbrnia. The views and opinions of authors expressed herein do • 
'not necessarily state or reflect those of the United Stales ' 
j Government or any agency thereof or The Regents of the | 
. University of California and snail not be used for advertising or I 
1 product endorsement purposes. | 
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