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The migration of long actinide chains in a two dimensional groundwater 

flow through geologic media is modeled. This study provides a more realistic 

way, than a one dimensional model, to assess the potential hazard to the 

biosphere P'?sed by the release of radionuclides into groundwater aquifers. 

The present model considers a time independent and incompressible two 

d~ensional hydrological groundwater flow which is described by Darcy's law. 

Dispersion effects on nuclide transport are neglected and any sorption reaction 

is assumed to be in equilibrium. No solubility limits arc considered. Hater 

density and soil porosity are considered constants but the hydraulic conduct-

ivity is allowed to be variable although being isotropic. 

The conservation equation for the ith member of a radionuclide chain in 

the groundwater Ni(x,y,t) is given by the following equation: 

aN. 
K 1 + • -:::--t 

1 " 
k (~ ax 

aN. ...,,... 
__ l + 0'!' 

ax ay 
aNi) 
ay + A.K.N. = A. 1K. 1N. l 

l l 1 1- 1- 1-

1 = 1,2 ... , A
0 

= 0 

(1) 

Here, K. is the retardation coefficient, k is the hydraulic conductivity, 
l. 

9 is the hydraulic potential and >.. arc the J.ecay constants. 
1 

The analytical solution to equation (1) for the initial condition 

N.(x,y,o) = 0 and for a general release function along the (repository) 
1 

boundary and for a prescribed potential function <P(x,y) is given in Chapter 

5, reference L 



It has been shm .. n, section 5. 2, reference 1, that equation (1) can 

be reduced to the much simpler form: 

where 

K. 
1 

aN. 
__ 1 + 
at 

aN. 
1 ao- + ~.K.N. = A: 1K. 1N l 

1 1 1 1- 1- 1-
1=1,2, ... , A = 0 

0 

and o(x,y) is the water travel time function along a streamline. 

Equation (2) applies along a streamline of the flow and is formally 

equivalent to the one dimensional transport problem. 

(2) 

(3) 

The non-recursive analytical solution to equation (2) for a radionuclide 

chain of arbitrary length migrating in a one dimensional unifonn flow field 

is given in (Eq. 4.127, reference 2). A computer program called MAC-1 to 

evaluate the solution was described in reference 3. 

Two methods are used to construct the potentiometric surfaces character-

izing the flow: 

1) Analytical expressions representing the superposition of a mnnber of 

point sinks and point sources can simulate hydrological flow fields of some 

arbitrary complexity. 

2) A given number of piezometric field data can be utlized to construct 

the potential function by fitting the data with help of a spline fw1ction 

(reference 5). 

Integrc>tion of equation (3) yields the "water travel time" function 

cr(x,y). Substitution of this function into the solution to equation (2), 

Ni (cr,t) results in the desired solution Ni (x,y,t). 
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A computer program called U03NE 21 was developed to yield the radio-

nuclides concentrations in a two dimensional flow field. 

The contamination of the Rustler aquifer overlying the Waste Isolation 

Pilot Plant (WIPP) in New ~1exico (4) \vas studied. 

At the \~IPP site the repository will be located at a depth of approx

imately 2000 ft in the Salado rock salt fonnation. The Rustler aquifer 

contains the only substantial quantity of grotmdwater found in the subsurface 

above the Salado formation in the region of the site. It comprises a brine 

aquifer which occurs along the top of the Salado formation and the base of 

another relatively impermeable formation containing t\~ permeable dolomite 

layers (reference 4). 

The flow in the Rustler aquifer is southward until it discharges into the 

Pecos River at th~ Malaga Bend, located 15 miles away from the repository site, 

at a rate of about 200 gal/min (reference 4). 

It is assumed that an initiating event produces a fracture through which 

every nuclide released from the waste package reaches the Rustler aquifer 

above the repository. 

Measured hydraulic potentials as well as a calculated potentiometric 

surface for the Rustler aquifer are presented in reference 4. Figure 1 shows 

1 1 . f h 2 26Ra . d' . . h h . a sample ca cu at1on or t e contam1nate reg1on 1n t e c a1n 

2460n _ 242Pu _ 2380 _ 2340 _ 230Th _ 226Ra 

\-lith the same parameters used in reference 3. 

TI1e calculated potentiometric surface of reference 4 was used and the 

potential lines are given in meters above ~~L. Only those streamlines which 

are contaminated are shown and the shaded region represents the contaminated 

region at 105 years after the leaching started. 
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RA-226 CONTAMINATED REGION - RUSTLER AQUIFER 
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The confluence of the streamlines ncar the Malaga Bend is caused by a 

"valley" in the potentiometric surface. The maximum water dilution rate 

(equation 12, reference 3) occurring ili.side the contaminated region is 

3 226 250m /yr. GI'Jyr. The leading edge of Ra contaminated region reaches the 

position shown in figure 1 after 105 yrs. Similar calculations indicate that 

'"" it would take 107 yrs for 226 
Ra to reach Pecos River. The fastest travelling 

129 99 4 ,) nuclides such as I, and Tc would take 10 yrs. 

1\J 

The calculations were repeated for the Delaware Mountain Group aquifer 

which underlies Salado formation but contrary to the Rustler aquifer flows 

northward discharging into Capitan aquifer. Due to smaller groundwater 

velocities, the water travel time o in this aquifer is about-three order of 

magnitude larger. This makes the potential contamination of Capitan aquifer 

negligible. 
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