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First study of its kind — in situFirst study of its kind — in situ
study of transport on geologicstudy of transport on geologic

timescaletimescale

n Provides information not accessible with
other methods

n Help in INEEL risk assessment
n Applicable to other sites



Goals

n Improved Characterization of Snake
River Plain Aquifer Below INEEL
1) Detailed delineation of flow pathways
2) Identification of mixing patterns and

calculation of relative water volumes

3) Relative roles of mixing vs. water/rock
interaction

n Quantify Contaminant Transport Rates at
INEEL
1) Rate of sorption–desorption and precipitation
2) Retardation factors

3) Rock/water interaction times

4) Rock dissolution rates



Methods

n Samples
• Waters

– Groundwaters (12, ~1000L samples collected using
MnO2 impregnated filters, and 50, 0.5L samples
thus far)

– Surface waters

• Rocks
– Core sections

– Surface coatings
– Fracture filling materials

n Measurements
• Short-lived: 234Th, 228Th, 228Ra, 224Ra, 222Rn, 210Po

by high sensitivity gamma counting (USC team)

• Long-lived: 238U, 235U, 234U, 232Th, 230Th, 226Ra,
231Pa by thermal ionization mass spectrometry
(LANL team)





Summary: Uranium
Isotopes

n Uranium data define multiple
endmembers; can locally constrain
mixing volumes

n Uranium isotopics define preferential
flow paths (high 234U/238U) and isolated
pockets (stagnant areas?) with low
234U/238U

n 234U/238U ratios and 87Sr/86Sr are lowered
along flow paths
• Dissolution/ion exchange dominate over

recoil and selective leaching processes for
uranium

• Reactive phase composition modeled from U
and Sr data does not fit bulk basalt - suspect
incongruent dissolution of glassy components









Summary: The Short-lived
Radionuclides

n Significant disequilibria exists among
naturally occurring U- and Th-series nuclides
in INEEL groundwater

n These disequilibria provide quantitative
information pertinent to contaminant
migration, including:
• Preferential flow paths and residence time (ages)

• In-situ retardation factors of contaminants
(transport rate relative to fluid flow)

• Removal rates of radionuclides from the fluid

• Rock dissolution rates and their relation to flow
paths and contaminant migration



Modeling Decay-Series Isotopes in Water-
Rock Systems

n Model is based on mass balance:  Concentration (C) of a
radionuclde in groundwater is governed by the relationship:

 Q + Pd + Pr + λ’Rf’C’ = kpC + λRfC

 Q = supply or removal rate by diffusion and advection

 Pd = supply rate by dissolution
 Pr = supply rate by alpha recoil

 λ = decay constant
 Rf = retardation factor
 kp = precipitation rate constant
 Prime notation refers to the parent nuclide

n Model input
• Measured acitvities in groundwater

– U isotopes (238U and 234U)
– Th isotopes (232Th, 230Th, 228Th , and 234Th)

– Ra isotopes (226Ra, 228Ra, and 224Ra)

• Known values for the site:
– 222Rn activity in groundwater: 340±40 dpm/l (Orr et al., 1991)

– 232Th activity in rocks = 0.31±0.02 dpm/g (Knobel and Cecil, 1995)
– 238U/232Th activity ratio in rocks = 0.90±0.06 (Knobel and Cecil,

1995)

n Model output
• Fluid residence times and preferential flow paths.
• Retardation factors of Ra, Th, and U isotopes.
• Adsorption and desorption rates of Ra and Th.

• Rock dissolution rates
• Precipitation rates of Th, Ra and U



Quantitative Estimates of
Contaminant Transport

n Fluid residence time:
• range from ~1 year in the north to ~100 years in the central

and southwestern parts of the INEEL

n In-situ retardation factors:
• Th (and lanthanides): ~2 x 106

• Ra (and Ba, Cs, Sr): ~2 x 104

• U (and transuranics): ~1 x 103

n Precipitation rate constants:
• Th (and lanthanides): 0.02 to 1.0 x103 y -1

• Ra (and Ba, Cs, Sr): 0.04 to 1.7 x 102 y -1

• U (and transuranics): 0.14 to 1.7 x10-1 y -1

n Dissolution rates:
• ~200mg/L/y in the north where in contact with “young”

groundwater from Birch Creek and Little Lost River
• ~50mg/L/y in the south where in contact with older (~100 y)

groundwater



















Plans for Summer 98/
Conclusions

n Second large-volume sampling trip in
August

n Analysis of new water samples and
rock samples

n Continued modeling
n Publications
n Currently evaluating this approach at

Rock Flats, CO


