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Recently, Barton et al. [2] presented convincing evi- 
dence that hydraulically conductive fractures in the Dixie 
Valley geo&ermal fieid are critically stressed potentially 

This p+wn@ of a shdy of active normal faults, based on the Mohr4oulomb frictional 
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effects associated with the p a a t i d  g-logical repostay kn ,,,idely fhaf on,y a few of & fractures in 
Yucca Mountain. A methodology for estimating changes in a rod: mass are hydraulically conductive, until their walr 
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now being in the Exploratay sfudies me implication is that the omnmoc of slip on the 
Facility @SF) at Yucca Mountain. Tempratwe, stress, and dtiCslly stressed permeab'Ilityty 
displacement of rock in the beated zone are presented dong 
wi& predicted zones where slip on fractuns &ay occur. 'Ibe 
zones of pdcted firacture slip are 4 as a basis for 
predicting whm permeability may be changed. This new 
lpraxdure goes beyond previous models that relate stress to 
strain or displacement, and provides information about rock 
mponse that is needed for design of future tests at Yucca 
Mountain. Our results also contribute to the u n d e d g  
of coupled processes in the near-field environment of a 
repository. 

The Yucca Mountain Site Chamcterization Project is 
evaluating the feasability of Yucca Mountain, Nevada, as a 
site for a geologic repository for the permanent disposal of 
nuclear waste. The ptrmeab'ity of the host rock is an 
important parameter for characttrizing the hydrologic 
environment of a proposed repository site, and for evaluation 
of the hydrologic behavior of a proposed repository design. 
That is, knowledge and understanding of rock p ~ m e a ~ l i t y  
and how it may change over the lifetime of a geologic 
repository is important to the prediction and evaluation of 
repository perfomance. 

It is well known that the rock mass forming the 

In the work reported here we investigate the influence 
that thed-mechanical stresses associated with the DST 
can have in changing the permeability of the host rock. 

II. WORK DESCRIPTION 

Our methodology is as follows: The thermal-mechanical 
(T-M) stress field for a cross-section of the DST is calculated 
at selected time intervals from the start of the DST. We used 
the fini-nce code FLAC [3] to calculate stress and 
displacement for the DST. Input to this calculation includes 
th; tern- field calculated using a hydrothermal model 
at each of the selected times. The shear stresses p d c t e d  on 
selected fractum planes are then used with the Mohr- 
Coulomb criterion to ascertain whether or not preexisting 
fmctm sets slip because of thermal stresses. Then, a 
fractun flow model that includes shear offset is used to 
estimate permeability changes for these fracture sets. The 
analysis is preliminary because it is 2-D and assumes an 
elastic medium whose properties do not change even when 
frictional slip and stress redistribution are likely to jlave 
occurred. The analysis also neglects permeability reductions 
as a result of increased nonnal stresses and h c t m  closure 
during heating. 
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horizontal fractures correspond to slip on frachms in set #I 
and set #3, respectively. 

To estimate regions of increased permeability for the 
DST we assume that permeability will double at any 
location where slip on fractures is @cted to occur. This 
assumption is basad on combining the standard parallel plate 
relationship between flow in a fracture and the fracture 
aperture, with the fracture apature distribution model of 
Brown [5]. We also assume that slip on one set of hchms 
does not interfere with slip on any other set, and that 
changes in permeability predicted for one set of fractum can 
be added linearly to changes in permeability pndicted for the 
other sets. Thus, if a zone of enhanced permeability 
predicted for slip along a vertical set of fractures overlaps a 
zone of enhanced permeability pdicted for a set of 
horizontal hctmcs, we predict a total permeability 
enhancement of 4 times for the overlapping region. 

Wcted  zones of enhand permeability due to 
excavation of the DST and prior to heating are shown in 
Figure la. This figure shows that excavation of the drifts is 
predicted to increase the permeability of the rock surrounding 
the drift ba a factor of 2 to 4, in a region extending up to 
onehalf drift diameter into the drift wall. This is not 
unexpected, and many mining studies have shown that 
permeability of wall rock is often incnased in undeagmund 
excavations. 

For the vertical fractun set our results show that the 
zone of enhanced permeability pdictcd to occur afttr o w  
half year of heating (i.e., heating to a temperatwe of -100 
OC at the drift wall) consists of two large wedpshapd 
regions, one above and the other below the plane of the 
wing heaters that are deployed in the test. These areas are 
illustrated in Figure Ib using the light shading, and axe 
essentially symmetric about the horizontal wing heater 
plane. The scale of these regions is on the ader of the 
separation of the heated drift and the observation drift, and 
the width is on the order of half the drift separation (i.e., 
13.5 m). 

Regions of changed permeability for horizontal 6ractuns 
occur between the wing heater plane and the observation 
drift, and are catend at a distance about four meters above 
and below the plane of the wing heaters. These regions are 
illustrated with medium shading in Figure Ib. 

Permeability is pndicted to be enhanced by 4 times in 
zones which occur when both fracture sets are expedtd to 
slip. These zones are also symmetric above and below the 
wing heater plane and comprise approximately one-fourth of 
the total ana of permeability enhancement and are shown 
with the darkest shading in Figure Ib. 

We also predict that zones of enhanced permeability will 
grow with time, while maintaining the same basic shape 
formed after 0.5 year of heating. Zones of enhanced 
permeability may recede outward from the heaters as heating 
continues. This is due to rotation of the stress field 
associated with the geometry of the heaters and the thermal 
gradients that are introduced by the heating. This is 
illustrated in Figure Ic which shows the zones of enhanced 
permeability after 4 years of heating. Comparison with 
stress plots shows that the permeability is enhanced in anas 
of high thennal gradients as is expected from the 
formulation, because such areas hae high stress gradients. 

IV. DISCUSSION AND CONCLUSIONS 

We have provided a methodology that can now be used 
to estimate changes in permeability due to thermal- 
mechanical effects. Our result is quite intuitive. However, 
to our knowledge, no work to date has pmmted such a 
methodology for relating changes in the stress field to 
changes in the permeability of the rock mass. Our results 
indicate that thermal-mechanical effects on permeability may 
extend over significant portions of rock heated during the 
Drift Scale Test. 
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Figurc Ib. Zones of enhanctd permeability after 0.5 
years of heating in the Drift Scale Test. Drift wall is 
aproximately 100 OC. 

Figure Ic. Zones of enhanced permeability after 4 years 
of heating in the Drift Scale Test. Drift wall is 
approximately 325 OC. 


