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ABSTRACT 

This paper presents an overview of the geomechanical 
studies conducted at the Large Block Test at Fran Ridge, near 
Yucca Mountain, Nevada. The 3dimensional geomech- 
anical response of the rock to heating is being monitored 
using instrumentation mounted in boreholes and on the 
surface of the block. Results show that thermal expansion of 
the block began a few hours after the start of heating, and is 
closely comlated with the thermal history. Horizontal 
expansion increases as a linear function of height. 
Comparison of obsexved deformations with continuum 
simulations shows that below the beater plane deformation 
is smaller than predicted, while above the heata plane, 
obsaved d e f d o n  is larger than pdcted, and is 
consistent with opening of vertical fractures. Fracture 
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monitors indicate that movement on a large horizontal 
fracture is associated with hydrothermal behavior. F ' i  1: Photograph of large block site. In this photo 

the upper portion of the block is exposed to allow mapping 

1. INTRODUrnON of fractures. The lower portion is supported with bracing. 
T shaped grooves on face are locations of fracture monitors. 

Efforts to undernand and characterize coupled proctsses 
in the Near Field Environment of a potential high-level connected to a heat exchanger to allow thermal control of the 

top surface. waste mpository include the Large Block Test (LBTj 
m n t l y  uaderway at Fran Ridge, near Yucca Mountain, INSIRUmmN Nevada. The LBT is king conducted on a rectangular prism 
of rock that is 3m x 3m h cross-section and 43m hi&. It 
is a fractured rock mass thad was exposed from an outcrop by 
excavating the surrounding rock, laving the rtctangular 
prism (see Figure 1). Two subvertical sets of hctures and 
one set of subhorizontal fracaJres intersect the block. 'Ihe 
subvertical fmture sets are approximately orthogonal, with 
spacing of 0.25 to 1 m and are oriented generally in the NE- 
SW and NWSE directions. Moreover, a major sub- 
horizontal Eractun is located approximately 0.5m below the 
top surface. This fracture is visible in Figure 1. 

The overall 3dimensional geomechanid response of 
the rock to the heating is being monitored using six multi- 
point borehole extensometers (MPBX). Three are oriented 
in the North-South direction, two are oriented in the East- 
West direction, and one is oriented vertically. In addition, 
deformation of s e v d  major Eracanes that intersect the 
surface is being monitored using 3-component fracture 
monitors. These have been installed at 17 locations on the 
surface of the block. A few of the fracture monitor locations 
are visible crs T-shaped grooves in Figure 1. The fracture - - 

The objective of the LBT is to create, maintain and monitors measure movement in d i i o n s  across the 

observe a planar, horizontal region of boiling in the block, fracture, and along the trace of the fmtm both parallel and 

so as to observe coupled thermal-hydrologic-mechanical- pepndicular to the .face. Temperabe, moisture level and 
electrical resistivity in the block are also being monitored, chemical W C )  -via in a h c m d  =k m+99 [I]. To 
and the gmmshanical dirm are being in this end heaters have been placed in the rock to simulate a 

plane heat source at a height of 1.75m from the base of the conjunction with these other data sets. 

block, and a steel plate fitted with heating/cooling coils has 
been mounted on the top of the block. This plate is 



Heating of the block was started on Feb. 27, 1997, tad 
temperatme vs. time measured near the center of the heater 
plane is shown in Figure 2. This figm shows temperatwe 
inmad from ambient to 90 OC in the first few hundnd 
hours of heating. A power outage caused a drop in 
temperatwe at approximately 600 hours. When power was 
restored tempera- quickly rose back to praoutage levels, 
and near the heater temperatm reached approximately 98 %! 
after 750 hours of heating. The overall temperature profile is 
consistent with conductiondominated heat flow in the 
block, except for the temperahue excursions at 2520 tad 
4475 hours. These excursions are thought to be tmakdowns 
in the metastable hydrohmnal regime and formation of 
transient heat-pipes. Cmntly the exact mechanism causing 
this behavior is poorly understood. 

Preliminaxy analysis of data from the UPBX systems 
shows that within a few hours of the heater start-up the 
block started expanding. A time history for a typical MPBX 
anchor is shown along with the temperatme in Figure 2, 
which shows that the overall deformation is dinctly 
amelated with the heating history. Note that the MPBX 
data do not indicate contraction during the thermal 
perturbations at 2500 and 4475 hours, indicating that these 
temperature perturbations are local events within the block. 

Overall horizonral deformation of the block after 40 and 
58 days of heating is listed in Table 1. This table shows 
similar amounts of expansion in both the E-W and NS 
directions. These &ta are plotted in Figure 3, which shows 
that horizontal expansion is a linear function of height 
above the base. Also shown in Figure 3 is a profile of 
horizontal deformation pdictcd using a 3-D continuum 
model of the block (21. 

Comparison of the obsaved and pndicted profiles 
shows them to be similar below the heater plane. Tbe 
similarity in slope indicates that the &formation in this 
region can be desuibed by a continuum model. Howeva, 
the simulation over-prdcts the t h e d  defamation, 
indicating that the coefficient of t h d  expansion for the 
rock mass forming the block is smaller than that used in the 
model. The slight diffaence in slope of the two profiles 
below the heater plane may also indicate that the model 
over-@cts the temperature at the heater plane. 

Above the heater plane the pdicted and obsaved 
profiles divage dramatically. The deaease in deformation 
with height shown in the predicted profile is associatad with 
the vertical t h d  gradient imposed on the block. 
However, the observed horizontal deformation continues to 
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Figure 2. Temperature vs. time for themocouple 
located slightly above the heater plane for the Large Block 
Test. Displacement of one of the MPBX anchors (relative 
to the borehole collar) is also shown. 0.02 in. = 0.51 mm. 

increase with height and is independent of the thermal profile 
above the heater plane. Moreover, MPBX data from 
borehoIes in the upper third show that most of the 
deformation occurs in discrete vertically oriented zones. This 
may be causad by opening of vertical fractures in this upper 
region. 

Data also indicate that strain in the vertical direction is 
less than that observed in the horizontal direction, and that 
the region of the block above the heaters is moving upward 
as a unit. 

Results from the fractun monitors are consistent with 
those from the MPBX in that the frachms are g e n d y  
opening. The overall change in aperturt measund at each 
location is shown in Figures 4 and 5. Figure 4 shows that 
several of the fractures opened between 0.005 and 0.015 in. 
(0.13mm - 0.38mm), and that closure of some firactures was 
observed. Figure 5 shows overall shear movement on the 
fractures. This figure shows that shear displacements are 
generally larger than normal displacements across the 
fpactures, and that at three locations shear are at least 0.02 in 
(0.51mm). 

Table 1. Overall deformation at 40 and 58 days 
measured using MPBX systems. 

D i o n  Hole Height Displ. Displ. 
(m) 40 days (m) 58 days (m) 

E-W WM-1 0.45 0.00029 0.00033 
N-S NM-1 0.58 0.00029 0.00035 
N-S NM-2 1.95 0.00062 - 
E-W WM-2 3.20 0.00097 0.00098 
N S  NM-3 3.50 0.00109 0.001 12 
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Figure 3. Comparison of observed and pdcted 
deformations for the Large Block Test, half section. 

Finally, while the hydrothermal response of the block is 
expected to be dominated by flow in vertical fractures, it is 
important to note that a few hours prior to the thermal 
excursion at 2500 hours, significant movement was mmded 

Figure 4. Normal displacements after 300 days of 
heating observed on selected fractures at LBT. 

on the large horizontal fracture near the top of the block. It Figure 5. Shear displacements after 300 days of heating 
is also important to note that a rainstorm occurred at the site on selected fractures at LBT. 
several hours prior to this thermal excursion, and it is 
possible that the horizontal fractm saved as a primary 
conduit for focusing water flow within the block. REFmENa3 

IV. CONCLUSIONS AND SUMMARY 1. Lin. W. D.G. Wilder, J. A.  link, S. C. Blair, T. A. 

In summary, the thennomechanical response of the 
Large Block has been monitored using MPBX and surEace 
mounted fractm monitors. Thennal expansion of the block 
was evident a few hours after the start of heating. This is 
verified by data mcmded on the fracture monitors and MPBX 
systems. MPBX data indicate that the block has wrpanded in 
the horizontal dimtion, and that this expansion is a linear 
function of the height above the base of the block. Much of 
the deformation has taken place in b t e  zones which is 
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consistent with opening of vertical fractures. Some K-m 
correlation has been obstrved between movement on 
fractures and changes in hydrothermal behavior. This work was supported by the Yucca Mountain Site 

Characterization Project. Work performed under the auspices 
of the U.S. Department of Energy by L a m n e  Livennore 
National Laboratory under contract W-7405-ENG-48. 


