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Abstract - Fracture networks have been characterized as highly permeable continuum within the porous rock matrix in 
thermal-hydrologic models used to support performance assessments of the proposed nuclear-waste repository at Yucca 

Mountain. Uncertainty and spatial variability of the fracture permeability are important considerations for 
understanding thermal-hydrologic behavior within the host rock surrounding an emplacement drift. In this paper, we 

conducted numerical experiments with a number of realizations of intrinsic fracture permeability and examine thermal 
conditions around an emplacement drift. Peak temperature and boiling duration on the drift wall are used as indices to 
quantrfj, the influence offracture'permeability. The variability ofpeak temperature and boiling duration resulting from 
small-scalefrclcture-permeability heterogeneity is compared with the variability resulting from variability of host-rock 
thermal conductivity and infiltration flux. An examination of rock dryout and condensate drainage shows that small- 

scale heterogeneity in fracture permeability results in a relatively small range in dryout volume and does not prevent the 
shedding of condensate through the pillar-separating emplacement drifts. 

I. INTRODUCTION where 

Hydrogeologic-property heterogeneity and its effect 
on flow and transport processes has been extensively 
studied in the past using a variety of analytical and 
numerical methods [ l ,  21. Characterization of hydrologic 
heterogeneity has been an important issue in Yucca 
Mountain Project [3,4, 51. The influence of spatial 
variability of hydrologic parameters (such as intrinsic 
fracture permeability, porosity, and matrix capillary 
parameters) on seepage into emplacement drifts has 
received considerable attention [6,7, 81. Sensitivity 
analysis of thermal properties has been conducted by 
Glascoe et al. [ l  11. The objective of this study is to 
investigate the influence of fracture-permeability 
heterogeneity, within the host rock surrounding an 
emplacement drift, on near-field and in-drift thermal- 
hydrologic (TH) behavior. The emphasis is temperature, 
which is a key TH variables, predicted by the MultiScale 
Thermohydrologic Model (MSTHM) [9, 101, and required 
by dowistream process models supporting the 
performance assessment of the proposed nuclear-waste 
repository at Yucca Mountain. Using TH submodels from 
the family of MSTHM models, magnitudes of each 
quantified impact are assessed and compared with the 
influence of parametric uncertainty that has been 
addressed in MSTHM-predicted TH conditions within 
drifts [9, 101, which have been used in the performance 
assessment of the proposed Yucca Mountain repository. 

11. MODEL DESCRIPTION 

Our model solves the balance equations of air, water, 
and energy components for liquid and gas phases in a 
nondeformable dual-porosity domain [12]. The mass 
balance equations for the air and water components are 

t is time, 

y is a component (air or water), 
a is a fluid phases (liquid or gas), 

m; is mass fraction of y component in phase a ,  
4 is porosity, 

, is density of a phase, 

S, is saturation of a phase, 
V, is vector of velocity, 

J; is combined diffusive and dispersive flux. 

Mass-transport mechanisms include advection and 
diffusioddispersion for two components (air and water) 
in two phases (liquid and gas). The combined diffusive 
and dispersive fluxes are described by Fick's law and the 
advective flux is described by Darcy's law, 

where I):, is a tensor of the combined diffusion and 
dispersion coefficients, ka is permeability function, is 
viscosity of a phase, pa is a phase pressure, and g is 
gravitational acceleration. 

Heat-transport mechanisms include advection and 
diffusioddispersion (in terms of mass flux) for two 
phases, thennal conduction in three phases (including 
solid phase), and radiative heat transfer for elements 
representing the open repository drift in which the waste 
package, drip shield, and invert are implemented (Fig. 1). 
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The influence of small-scale heterogeneity in fracture 
permeability, and the resulting small-scale flow focusing, 
has an insignificant effect of the temperature history 
compared to the influence of parametric uncertainty that 
has been addressed by the MSTHM. Therefore, it is not 
necessary to propagate the influence of small-scale 
fracture-permeability heterogeneity through the MSTHM 
predictions supporting the performance assessment of the 
proposed nuclear-waste repository at Yucca Mountain. 

An examination of rock dryout and condensate 
drainage indicates that small-scale heterogeneity in 
fracture permeability results in a relatively small range in 
dryout volume. That analysis also shows that small-scale 
heterogeneity in fracture permeability does not prevent 
the shedding of condensate through the pillar separating 
emplacement drifts. 
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