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Radionuclide Tiransport Viodel

Assumptions

1) Radionuclides reside in four pools: dissolved, colloidal, sorbed, and solid.
2) Radionuclides are released via dissolution and a-recoil at rate P.
3) Nuclide transport is retarded by sorption-desorption-precipitation.

Time rate of change of radionuclide concentration in groundwater:

dC” —p_ jR:C* 1
< C (1)

C*= C+ C_= concentration in dissolved and colloidal pools and R;" is
effective retardation factor (R,” = 1 for conservative tracer.)

s — —ZR*Z'W
Solving: AP = (1 i{* ! ) (2)
f

A*(=AC*) is radionuclide activity and z, is water-rock interaction time.

Derive R;” and t,, from U-series isotopes in water.




ApplicationrtorUNransportyntlnsaturated/ Zone

For 238U, (AR.1,) << 1, Eq. (2) can be simplified as:

A 1238 = Au23s TwPuossg (3)

For 234U, alpha-recoil input (P,) during a non-flushing period (7,)
should be considered:

A o34 =Au23a 0Pt Aun3a T Punsa (4)
Combining Egs. (3) and (4),
Axau _  a Iy (5)

A 238U A 238U

a = Ayz347,Pr and b = (Ay234Py23a)(Ay235Pu2ss), Poth can be determined
by plotting (#34U/238U) vs. 1/238U




Data fromiPickettandVMurphyi(1999)
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(a) Slope =a =0.45dpm/L ==>> P, =9 dpml/Lly
Intercept=b= 2.1 ==>> P, = 8.3 dpm/Lly

(b) Water transit time in vadose zone (7,,):
Seep water site: 6—-29 days

Perched water site: 0.4-0.5 years.
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AdditionalDatasreomrbR/aWinternseason 2001 -02
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All Adit Waterssiromrunsaturated Zone

Summer 1995
Winter 2000-01

Summer 2003
Summer 2003

234U/%38U activity ratio

e R?=1.00
® R2=0.37
4 R2=0.74

e R2=0.68



» Removal of 234U and 238U from unsaturated-zone (UZ)
solids takes place during major rainfalls.

» Waters from each of these rainfalls passing through the
UZ can be modeled to have 234U/%2338U inversely related to

[U].

» Given the non-flushing period between two rain events,
the model can estimate the alpha-recoil input of 234U,
dissolution rate of U, and water transit time in the UZ.

» Further testing of the model requires sampling of UZ
waters from discrete major rainfalls.
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