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All, 
 
I have attached a write-up that shows all the steps to obtain Reff for mobile and immobile phases. Apparently, I 
had a problem with the 
(1+Ko) term in the denominator. This was because: 
 
- I had simply (accidentally) forgot to apply the equilibrium isotherm eq in the colloid transport operator (the 
second term on RHS of Eq. 1) 
- I had failed to scale both sides of Eq. (13) by (1/(1+Ko)) in transition from Eq. (13) to Eq. (14). 
 
Thanks Scott for pointing them out.  
 
Now, I feel more comfortable with the model and equations we use.  
 
Hakan 
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Mass-balance equation for reversible solved dissolved radionuclides in the mobile 
(fractures) (Eq. 1) and immobile (matrix) (Eq. 2) phases: 
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in which Cmσ is the mass fraction of radionuclides adhered to mobile colloid surfaces per 
unit mass of mobile colloids, CC  is the mass of mobile colloids per aqueous volume, 

mC is the aqueous mass concentration of radionuclides in mobile region (mass of 
radionuclides per aqueous volume), wS is the water saturation (aqueous volume per pore 
volume),  mφ  is the ratio of pore volume to the bulk volume (porosity) in the mobile flow 
region, mS   is the sorbed mass of radionuclides per unit mass of available stationary solid 
surfaces),  bρ  is the ratio bulk density (mass of solid surfaces per unit bulk volume); ν  is 
the average linear velocity, and ( )mCJ  is the transport operator for the radionuclides,  
( )CCmCJ σ is the transport operator for mobile colloids,β  is the mass-transfer coefficient 

(1/time).  
 
When we assume equilibrium sorption of radionuclides onto mobile colloidal surfaces 
and stationary matrix, i.e.,  
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in which matA is the specific surface area of the matrix and ColA is the specific surface 
area of the colloid; dK is the distribution coefficient for the mobile flow zone, dK′  is the 
distribution coefficient for the immobile flow zone. 
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For a constant CC , Eq. 6 becomes, 
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Let Cd0 CAKK = , then Eq. (8) and (9) becomes, 
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or  
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and Eq. (10) becomes 
 

( )imm
im

im CC
t

CR −β=
∂

∂   (13) 

 
By comparing Eqs (10) and (11), (and dividing both sides of Eq. 13 by 0K1+ ) 
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So, we have the following system of equation: 
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By defining  
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