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The lack of sensitivity of in-drift and near-field 

temperature and relative humidity to hydrologic properties 
can be understood by considering the key processes and 
factors governing thermal-hydrologic behavior in and 

around emplacement drifts. Thermal-hydrologic behavior 
in and around emplacement drifts can be understood by the 
considering the interaction of three fundamental processes: 

1. Heat Flow-occurs in emplacement drifts, primarily 
by thermal radiation, and in the adjoining host-rock, 

primarily by thermal conduction. Consequently, host- 

rock Kth is the key natural-system parameter. 
determining the magnitude of temperature buildup. 

2. Host-Rock Dryout-is driven by temperature 
buildup, resulting in evaporation (boiling), which 

reduces the liquid-phase saturation and relative 
humidity in the host rock (resulting in the dryout 
zone), thereby reducing the relative humidity within 
the emplacement drifts. 

3. Host-Rock Rewetting-is primarily driven by 
gravity-driven percolation in fractures, with capillary- 
driven imbibition in the adjoining matrix. The rate of 

rewetting (of the dryout zone) is controlled by the 
local percolation flux, except in regions of very low 
percolation flux (less than approximately 0.1 d y r ) ,  
where it is controlled by capillary-dnven imbibition in 

the matrix. The percolation-flux threshold of 
approximately 0.1 rnrnlyr is obtained by observing the 
sensitivity of temperature and relative humidity to 
percolation flux, described above. 

For the range of hydrologic properties of the four 

host-rock units, vapor flow from the boiling zone to the 
condensation zone essentially occurs in an unthrottled 
(i.e., unrestricted) fashion [2]. Permeability in the fractures 

and matrix is sufficiently large, and fracture spacing is 
sufficiently small, to result in insignificant gas-phase 
pressure buildup with respect to boiling and vapor 
transport from the boiling zone to the condensation zone. 
The small gas-phase pressure buildup is indicative of 
unthrottled (i.e., unrestricted) boiling and vapor flux from 

the boiling zone to the condensation zone. The range in 
host-rock hydrologic properties causes insignificant 
differences in the rate at which boiling occurs in the host 
rock, as well as causing insignificant differences in the 
extent of host-rock dryout. 

For the range of host-rock hydrologic properties of the 

four host-rock units, the contribution of buoyant gas-phase 
convection to overall heat flow is small compared to that of 
thermal conduction. Thus, the range in host-rock 
hydrologic properties of the four host-rock types results in 
insignificant differences in the temperature buildup in the 
host rock, as is evident in Figs. 10a, 10c, and 10e. 

For the range of hydrologic properties of the four host- 
rock units, fracture permeability is sufficiently large and 

fractures are sufftciently well connected to allow gravity- 
driven drainage of percolation to occur in an unrestricted 

fashion [8]. Percolation flux, not fracture permeability, is 
the rate-limiting quantity governing the magnitude of 
gravity-driven liquid-phase flow to the boilingldryout 
zone. One caveat to this generalization relates to flow 

focusing, which arises due to heterogeneity in fracture 
permeability. The influence of flow focusing is addressed 
by including areal variability of percolation flux, which 
results in a broad range of percolation flux over the 

repository footprint, and by including uncertainty, as is 

addressed in the lower-bound, mean, and upper-bound 
infiltration-flux cases. Thus, the manner in which 
hydrologic properties primarily affect rewetting (and, thus, 

net dryout) behavior is related to the manner in which 
those properties affect capillary-driven flow, which 
primarily occurs as imbibition in the matrix. 

For the range of hydrologic properties of the four 
host-rock units, capillary-driven imbibition always results 
in a rewetting magnitude that is effectively less than 
approximately 0.1 d y r .  Accordingly, only in regions 
with very low percolation flux (less than 0.1 d y r )  do the 
hydrologic properties exert a barely discernable influence 
on dryout and rewetting in the host rock, as seen in Fig. 10. 
However, this small influence is insignificant compared to 
that of parametric uncertainty of host-rock Kth and 
percolation flux [2]. For areas of the repository with a 
percolation flux greater than 0.1 d y r ,  which is the vast 
majority of the repository area for all three climate states 
[2], imbibition plays an indiscernible role in dryout and 

rewetting. 

For the repository-wide MSTHM calculations of the 
five infiltration-fluxlhost-rock Kh cases, the crushed-tuff 
gravel invert is assumed to be derived from the Tptpll host- 

rock unit. This assumption is made because 75 percent of 
the emplacement drifts are in the Tptpll unit (Fig. 4). 

However, it is possible that the crushed-tuff gravel could 
be derived from the other three host-rock units. A 
parameter-sensitivity study of invert hydrologic properties 
was conducted to investigate the sensitivity of TH behavior 
to invert hydrologic properties. In this study, LDTH- 

submodel calculations are made for a location close to the 
repository center (the open circle in Fig. 4). 

Fig. 11 shows the sensitivity of liquid-phase saturation 
and temperature to the hydrologic properties of the 
intragranular porosity. Note that the intragranular porosity 

is equivalent to the matrix continuum of fractured porous 
rock. Temperature is insensitive to the hydrologic 
properties of the intragranular porosity (Fig. 1 lb). With 
the exception of Tptpln-unit gravel, the dryout history is 
similar for these four gravels. Rewetting histories are 
.similar for gravels derived from the lithophysal units 
(Tptpul and Tptpll). Rewetting is also similar for gravels 
from the two nonlithophysal units (Tptpmn and Tptpln). 
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