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ABSTRACT: An integrated modeling approach was developed to investigate long-term coupled thermal, hy- 
drological, and chemical (THC) processes that could take place around nuclear waste emplacement tunnels 
(drifts). The approach involves the development of process models, followed by numerical implementation 
and validation against field and laboratory experiments before conducting long-term predictive simulations. 
An outcome of this work was the refinement and validation of an existing reactive transport numerical code 
for applications specific to the geologic storage of nuclear waste. The model was applied to the case of the 
proposed high-level nuclear waste repository at Yucca Mountain, Nevada, to evaluate the chemistry of waters 
potentially seeping into drifts and the effect of water-rock interaction on long-term hydrological behavior 
around the repository. At liquid saturations significantly larger than residual, no extreme pH or salinity values 
were predicted. Mineral precipitation around drifts consists mainly of silica with minor calcite, trace zeolites 
and clays. The effect of mineral precipitation on flow depends largely on initial fracture porosity, and results 
in negligible to significant diversion of percolation around the drift. Further analyses of model uncertainty are 
under way to improve confidence in model results. 

1 INRODUCTION 

Assessing the long-term performance of geologic 
nuclear waste repositories requires evaluating the ef- 
fects of coupled thermal, hydrological, and chemical 
(THC) processes for time periods lasting thousands 
of years. To reach this goal and gain confidence in 
our predictive ability, an integrated modeling ap- 
proach was developed (Figure 1). This approach in- 
volves comparing the results of “hard” field and 
laboratory data to predictive modeling results. This 
is especially important because reactive transport 
simulations are computationally intensive, limiting 
the number of runs that can be performed to assess 
model uncertainty. As part of h s  approach, an ex- 
isting reactive transport numerical code 
(TOUGHREACT; Xu and Pruess, 2001) was further 
developed and “validated” for applications specific 
to nuclear waste disposal (e.g., Xu et al., 2001; Spy- 
cher et al., 2003a and b). This simulator considers 
water, vapor, air, and heat transport; reactive gas, 
mineral, and aqueous phases; porosity-permeability- 
capillary pressure coupling; and dual (fiacture- 
matrix) permeability. The simulator and modeling 
approach were applied to the proposed high-level 
nuclear waste repository at Yucca Mountain to 
evaluate seepage water chemistry and the effect on 

long-term hydrological behavior around the reposi- 
tory, as discussed below. 

2 MODELED COUPLED PROCESSES 

The proposed repository at Yucca Mountain will be 
located in fiactured, welded volcanic tuffs, several 
hundred meters above the regional water table. The 
fracture permeability in these tuffs ( 10-13-10- m ) is 
several orders of magnitude higher than the rock 
permeability m2). In these unsaturated 
tuffs, water is held mainly in pores of the rock ma- 
trix (liquid saturation -0.8-0.9). Upon waste em- 
placement and subsequent heating (due to radioac- 
tive decay), the matrix water will boil and travel as 
vapor in fractures. In cooler regions around the re- 
pository, it will condense and drain back towards the 
boiling zone. This continuous boiling and refluxing 
of water is anticipated to induce mineral dissolution 
and precipitation, and alter the chemical composi- 
tion of pore waters surrounding emplacement tun- 
nels (drifts). A summary of these processes and ref- 
erences to their study using modeling at Yucca 
Mountain is given in Spycher et al. (2003a). 

The coupled processes were investigated using 
underground thermal tests and laboratory experi- 
ments. THC simulations of the Drift Scale Test 
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