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Investigation of Hydrologic Boundary Conditions using Tritium Analyses 
 
1.  STATEMENT OF THE PROBLEM 
Does the base of the waste rock pile represent a significant hydraulic barrier to fluid 
flow?  Fluid flow and fluid pressures within a waste rock pile depend critically on the 
hydraulic nature of the material at the contact between the pile and the original land 
surface.  The hydraulic nature of this boundary determines whether or not there is 
significant flow into the underlying flow system.  Most importantly, this boundary plays 
a critical role in determining the state of saturation and pore pressure (and hence the 
cohesion) in the rock pile. 
 
2.  PREVIOUS WORK 
No known previous measurements of tritium in subsurface water have been made at the 
Goat Hill North (GHN) site.  As part of a study of background water quality, the U.S. 
Geological Survey measured tritium, along with noble gases and chlorofluorocarbons 
(CFCs) in shallow groundwater in the Straight Creek Drainage (Naus et al, 2005.)  This 
site was chosen as a proximal weathering analog to the Questa Mine because it consists 
of similar rock types as those at the Questa mine.  The tritium content of wells finished in 
the alluvium ranged from about 6 to 10 TU.  Tritium in bedrock wells was lower with 
some values being below the detection limit of 0.2 TU.  Computed tritium/helium-3 ages 
ranged from less than 0.5 to 23 years in the shallow aquifer and from 15 to greater than 
60 years in the bedrock aquifer. 

While only limited previous tritium analyzes have been made near the Questa 
mine site, profiles of tritium in the unsaturated zone in arid and semi-arid environments 
have been used to estimate recharge rates at a variety of sites.  For example, Heilweil et 
al. (2006) utilized the tritium mass balance method to estimate recharge into the Navajo 
Sandstone in southwestern Utah.  The method compared well with other measures of 
recharge including the chloride mass balance and water budget methods. 
 
3.  TECHNICAL APPROACH 
The tritium mass balance method (Solomon and Cook, 2000) has been used to estimate 
recharge at a site in close proximity to GHN.  This method requires the extraction of pore 
fluids along a vertical profile followed by measurements of tritium in these fluids.  The 
mass of tritium in the subsurface is then compared with the mass of tritium estimated to 
have been in precipitation at the site.  Precipitation tritium has been estimated using 
measured values from Albuquerque NM as archived in the Global Network of Isotopes in 
Precipitation (GNIP) data base of the International Atomic Energy Agency (IAEA.) 

Because this approaches relies on mass balance, the primary uncertainty of the 
method is associated with spatial interpolation of measured values to obtain an estimate 
of the entire inventory of tritium in the subsurface.  Associated with this uncertainty is 
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any tritium contamination (from exposure to modern tritium in the atmosphere) that 
might exist in core samples.  At the GHN site, these uncertainties are likely to be small. 

Pore fluids have been extracted by heating cuttings to 100 ˚C under vacuum with 
a cold finger to condense and trap water vapor.  We have constructed a large-scale 
extraction system capable of processing up to about 4 kg of cuttings in order to yield a 
minimum of 20 ml of water for analysis. 

Low-level tritium measurements are being made on the extracted water using the 
helium in-growth method as described by Bayer et al., (1989.) 
 
4.  CONCEPTUAL MODEL 
Due to the low porosity and permeability expected for the quartz-sericite-pyrite altered 
andesite and rhyolitic rocks that underlie the site, recharge rates are likely to be small.  As 
a result, most water that enters the waste rock is likely to be either recycled to the 
atmosphere or possibly discharged near the toe of the rock pile.  For numerical modeling 
purposes, this conceptual model points to a no-flow boundary condition at the interface 
between the rock pile and land surface.  However, if this conceptual model is not correct, 
a significant amount of fluid may exit the waste rock into the underlying system.  This in 
turn could significantly alter the distribution of pore pressures and hence cohesion that 
results from negative fluid pressures.  The validity of a no-flow boundary for flow has 
been tested by this project. 
 
5.  STATUS OF COMPONENT INVESTIGATION 
A cryo-extraction system as been developed and all cuttings from site SI-67 (located in 
the vicinity of the Front Rock Piles) have been processed.  The gravimetric water content 
is 3% to 5% in the upper 15 feet, representing a higher porosity in the weathered zone.  
Below 15 feet the gravimetric water content remains relatively constant at ~1%, a value 
expected in the unsaturated zone of a volcanic fractured media.  At a depth of 85 feet 
below the surface the water table is encountered as inferred by the significant rise in 
gravimetric water content from 1% to 10%, also an expected value for saturated fractured 
media. 

The extracted water was sealed into metal flasks such that the decay of tritium to 
helium-3 would be retained for subsequent measurements of the helium-3.  Standard 
methods for low-level tritium require 1 L of water for analysis; however, the helium-3 in-
growth method combined with an ultra-low background level at the University of Utah 
makes it possible to obtain an uncertainty of about 1 TU using only about 20 ml of water.  
However, this requires that we hold the sample in the metal flasks for up to 6 month 
while tritium decays. 

As shown in the figure below, measured tritium values range from about 14 TU at 
the surface and decline systemically to about 6 TU at a depth of 40 feet below land 
surface. At a depth of about 85 feet (coincident with the increase in water content) tritium 
values increase to about 12 TU.  We interpret this increase to be associated with the 
saturated zone that was recharged at some distal location rather than from the land 
surface above. 
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Gravimetric water content and tritium values for pore water (extracted from drill cuttings) 
for the SI67 borehole. 

QuickTime™ and a
 decompressor

are needed to see this picture.
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6.  CURRENT CONCLUSION OF THE COMPONENT 
Tritium values for precipitation from the GNIP (Albuquerque, NM) were combined with 
annual precipitation amounts obtained from the weather station located in the town of 
Red River, NM.  Red River was chosen over Questa, NM due to the similar elevation 
between Red River and the peak elevation of most waste piles.  By comparing the total 
mass of tritium that entered the site with the decay-corrected inventory in the subsurface 
we estimate an average annual recharge rate of 13 mm.  This assumes that tritium below 
a depth of 80 feet (i.e. in the saturated zone) was recharge at some distal location.  If the 
tritium below 80 feet is included in the inventory, the recharge estimate increases to 53 
mm/yr. In either case, this is a small fraction of the average annual precipitation 
(approximately 500 mm/yr) suggesting that most precipitation does not recharge but is 
disposed as either surface runoff or evapotranspiration. 
 Ideally, profiles of tritium such as collected from borehole SI-67 would be collected 
from beneath the waste rock pile being investigated.  Although this was not possible in 
this study, these results are assumed to be representative of conditions beneath GHN.  
Furthermore, these results can be used to define the lower boundary condition for a 
numerical model of fluid flow through the GHN waste rock pile.  A recharge flux of only 
13 mm/yr represents only about 2.6% of total precipitation and this is sufficiently small 
to justify a no flow boundary condition beneath the GHN rock pile. 
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