
8. ROCK-WATER INTERACTIO IN THE LBT

8.1 I TRODUCTIO

The Topopah prings tuff (Tptp) is actually one of several thick pyroclastic deposits within the
un aturated zone (UZ) beneath YM. Both its mineralogy and its alteration history have been
tudied as guides to the long-term physical and thermal stability of the site after possible waste

emplacement. Useful summaries of the diagenesis of Yucca Mountain may be found in various
proj ct documents (for example, see the Yucca Mountain ite Description, TDR-CRW-G 
000001 Rev.Ol, IC .01, chp 5.2).

ompositionally, the Tptp unit (up to 380 m thick) is a compound volcanic series, variably zoned
and graded from high silica rhyolite ascending to quartz latite. The interior is densely welded and
would have developed in early stages of cooling---during viscous flow and glass compaction.
Fracturing, faulting and brecciation would also have developed while the tuff was cooling and
al 0 during t ctonic events. After welding, the central core and vast majority of the unit
de itrified into a fine-grained assemblage of alkali feldspar, silica polymorphs, and various
accessory minerals. More rapid cooling of t e upper and lower boundaries minimized
compaction and devitrification processes to form instead thin glassy layers or vitrophyres at the
transitions with over- and underlying units.

Extensive devitrification within the major portion of the Tptp layer was accompanied by
localized alteration along fractures, within and below the devitrified zone. Identified in particular
with the lower transitional boundary from basal vitrophyre to devitrified tuff, the alteration most
likely resulted from fluid/mineral interaction at arm or near-ambient temperatures. The fluids
were those pre ent within the ash flow as well as percolating meteoric water that would have
preferentially flowed along the fractures and natural partings during the late stages of cooling
(Levy and 0' eil 1989, p. 321). It is noteworthy that this syngenetic alteration arising from the
interaction of hot-rock and infiltrating waters, c uld be indicative of TH alterations that might
develop in a hot repository environment. Presumably, the fracture system within the relatively
nonporous rock of the Tptp had an important role in past (and present) fluid transport, and
therefore in the geochemical changes that have occurred.

8.1.1 Fracture ineralogy in the Tptp

Th Z fracture mineralogy of the Topopah pring tuff reportedly compri es a diver e uite
that reflect the nature and origin of geochemical variation. During cooling of the ho t
pyroclastic flow, for example, vapor-phase minerals crystallized along the earliest formed
fractures. Typical minerals to form were feldpars and silica polymorphs; but additionally
amphibole, pseudobrookite, Mn-gamet, and andalusite developed in less abundance. Minerals
that continued to form within the fractures long after cooling included zeolites, clays, Mn-oxides,
opal, and calcite. Calcite and opal coatings reflect processes of deposition that have been nearly
continuous along exi ting transport paths. The zeolite minerals, including mordenite,
heulandite/clinoptilolite, and stellerite are widespread in the UZ, although not particularly
abundant in the fractures. Where stellerite (CaAhOlse7H20) has been found, feld par abundance
is reduced, suggesting, at least in part, local alteration at the expense of feldspar. The upper and
lower transition intervals between the devitrified Topopah Spring tuff and adjacent vitrophyres
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demonstrate an alteration transition from devitrification to glass dissolution and secondary
mineral precipitation. In these intervals, significant zeolitization occurs along with clay and ilica
minerals.

Gen rally in the fractures of the volcanic tuffs under Yucca Mountain, the ilica polymorph,
zeolites, and Mn-oxides are fairly ubiquitous; calcite, clay minerals, fluorite, and Fe-oxide occur
with less frequency. For detailed studies of fracture minerals and their di tributions, ee
e amples of drill hole core characterizations as published in Carlos (1985) and arlo et a1.
(1995).

8.1.2 Te t-Induced Geochemical Proce es in the Large Block

Th late-stage syngenetic alteration localized along fractures in the lower interval of the
de itrified Tptp would presumably be useful as a self-analog to the thermally induced alteration
of the LBT (and thermal field tests in general). The te t conditions were intended to gen rate
similar hydrothermal processes that might be expected from the emplacement of wa teo ince
e idence of the e thermally induced processes would be concentrated where fluid/min ral
interactions were greate t, the LBT postmortem characterizations focused primarily on amples
collected from the existing fracture network. The test block as previously indicated wa a
relatively nonporous matrix of devitrified tuff with an extensive network of fractures.

Fluid and rock would interact within the fractures and openings as changing t mp rature
mobilized and/or redistributed pore fluids within the host block. During thermal te ting, moi tur
redistribution was observed by various monitoring systems of the te t a zone of dryout,
condensation, and refluxing were formed within the block. Although matrix transport of th fluid
is not altogeth r excluded, that process of fluid movement would pre umably occur only in th
dryout zone immediately surrounding the heaters, with much slower rate . Fluid ould mo t
likely have moved through the rock away from the heat source but eventuall would ha fi und
fractures and migrated along openings in the cooler regions. In the zone of cond n ati n and
refluxing, more pronounced fluid/rock interactions would have been expected. Thermall
induced geochemical processes occurring along fracture surfaces could have included dis lution
and precipitation, hydration and dehydration, and phase transformations. Evidence of alteration
would then be e peeted in extremely fine textures and volumetrically in ignificant quanti tie of
test product both requiring microscopic methods of analysis and imaging.

8.2 EVAL TIO OF ALTERATIO I THE THERMAL TE T BLOCK

8.2.1 Large Block Mineralogical Characterization

Becau e of the relatively short thermal periods of the test evidenc for g ochemical alt ration
would mo t likely exist, for example, a fmely textured surface pitting or depo it and minor
quantities of alteration products. ample characterizations would neces arily be over very mall
urface areas, and analyses would be time-consuming. To augment the probability of ob rving

such fine-scale geochemical changes, sample collection areas were prioritized and limited to
fractures urfaces from zones where fluid/rock interactions were thought to be greate 1.

Ideally one-to-one comparisons between pre-test and post-test samples would be studied, but
ample acqui ition of the pre-test pieces would exclude their comparison and u a po t-t t
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treated sample. A compromise and the best relative comparisons for before-and-after sampling
were considered to be those made using archived, pre-test drilled core and post-test drilled
overcore that could be aligned by position. The general idea would be to match the core and
overcore along their lengths and circumference and look for microscopic changes between
fracture surfaces that intersect both. Unfortunately, drilling restrictions placed on post-test coring
and overcoring configurations effectively eliminated this sort of comparison. In addition,
because of the highly fractured nature of the rock, the cores (and overcores that were collected)
tended to break into multiple sections even over hort archived segments, and alignments were
difficult to ensure.

To proceed with mineralogical characterizations, representative fracture surfaces were collected
from pre-test and post-test cores of the large block. Primary characterization was by the
Scanning-Electron Microscope (SEM) to observe crystal morphology and to identify potential
dissolution and/or precipitation features. An integrated Energy Dispersive X-ray (EOX) system
was also employed to assess general chemical composition. Perhaps not surprisingly, conclusive
evidence was not found to support mineralogical alteration attributed to thermal testing. Based
on the suite of fracture samples studied, pre-test and post-test samples were similar to each other
in mineralogy and textures. The dominant phases recognized included silica polymorphs, calcite,
alkali feldspars, and Mn-oxide coatings. The findings were consistent with the Topopah Springs
tuff fracture mineralogy reported throughout the literature.

8.2.2 Sample Selection and Preparation

Instead of the well-matched pre-test and post-test sample locations, comparison of representative
before-and-after samples was conducted. Sample were selected from archived core of pre-test
drilled boreholes, those boreholes utilized for instrumentation and test monitoring. The thermally
treated samples derived from post-test-drilled boreholes. All samples were requested through the

ample Management Facility (SMF) at the Nevada Test Site. Sampling locations were selected
from areas reflecting higher moisture redistribution during the thermal test, and for which
fracture mapping indicated prominent fracture intersections with post-test drilled holes. Finally,
the remoteness of the post-test core was considered in regard to introduced and potentially
chemically reactive materials-cementitious grout, for example.

8.2.2.1 SEM and EDX Sample Preparation

Core sections and sample designations are listed in Table 8-1 for the fracture filling minerals
characterized using SEM. The first seven are pre-test samples and were selected from core
sections having pronounced fractures, both well-sealed and open fractures. The last three
samples listed in Table 8-1 were from post-test r ck core. All samples listed were selected for
identification of the fracture minerals only, and matrix was not considered. Samples were
prepared in the same manner for both pre-test and post-test fractures: The core and fracture
regions were surveyed using ultraviolet light, and most demonstrated some natural fluorescence.
Although fluorescent colors and intensities may be characteristic of different minerals, the
effects observed were generally weak; consequently, no attempt was made to develop this as a
diagnostic tool. Certainly there were no clear observations made of post-test and pre-test
differences. The selected core fractures were split using tungsten carbide hydraulic jaws, and
then broken down again into approximately l-cm size chips, suitable for the SEM sample
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holders. In some samples in which fractures were more open, surface scrapings of the coating
were obtained for SEM study. Samples were mounted on SEM plugs using carbon tap or
simply held in a sample vice holder. Conductive carbon coatings were applied to reduce charge
buildup that would otherwise interfere during imaging.

Table 8-1. Samples Selected for SEM Imaging and Analysis

SMF sample no. Borehole Depth interval Section examined
identification

SPC0039806 (pre) UE25FR#N6 19.4 - 20.5' 19.4'
SPC0039806 (pre) UE25FR#N6 19.4 - 20.5' 19.5'
SPC0039799 (pre) UE25FR#N4 6.8 - 8.4' 8.0'
SPC0039803 (pre) UE25FR#N7 19.3 - 20.6' 20.0'
SPC0039802 (pre) UE25FR#N4 8.1 -9.8' 19.4'
SPC0032804 (pre) UE25FR#N1 19.4 - 21.0' 21.0'
SPC0039797 (pre) UE25FR#N5 18.0 - 19.8' 18.0'
SPC02015843 (pst) UE25FRPTC#18 5.0 -6.1' 5.0'
SPC02015851 (pst) UE25FRPTC#17 1.1 - 1.8' 1.1 '
SPC02015679 (pst) UE25FRPTC#11 3.7 -4.5' 4.0'

8.2.2.2 EM and EDX Results

The SEM with integrated EDX system that has been used for this study is the field emi ion
Hitachi -4500. SEM photomicrographs were obtained using accelerating voltages down to -2
kV. X-ray voltages used for spectral analyses were 10-15 kV. At the accelerating voltage u d
for analysis, x-ray signals are produced from silicates from a penetration depth of a few micron.
Consequently, chemical analyses obtained from the x-ray spectra are only qualitative for the
identifications being made here, where fracture-coating minerals are in some cases a few microns
down 0 submicron sizes. Where possible, mineral identification is based on both morph logy
and the qualitative analyses. The findings from the SEM imaging and the EDX analy es are all
considered non-Q.

EM results reveal that the typical fracture lining minerals in the large block are silica
polymorphs, Mn-oxides, and calcite, and less commonly feldspars or some other more complex
silicate. A fibrous, matted mineral coats the surfaces of grains, and a larger ribbon-like fib r
min ral is seen bridging pore spaces. Both are found in pre-test and post-test sample and could
possibly represent clay phases. Figures 8-1 through 8-8 are representative photomicrograph
from various pre-test fracture sample surfaces. In each case, an x-ray spectrum generally
corresponding to the imaged location is also displayed. In addition to the compositional
information, visual examination of textural features was made. Photomicrographs wer made of
areas showing dissolution in both pre-test and post-test samples. Figures 8-9 through 8-11 appear
to show dissolution features in various grains. Similar surfaces were observed in both pre-test
samples and post-test samples, and no real distinctions were evident in the textural feature to
suggest alteration related to the thermal test. Figures 8-12 through 8-14 are the fibrous minerals
that have been observed in before and after samples. Figure 8-14 is a post-test sampl that al 0
hows a variety of the fracture coating mineralogy in one small area.
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8.2.3 X-Ray Diffraction Analyses

8.2.3.1 Introduction

Geochemical process in the heated partially aturated rock mass is mainly due to the rock-water
interaction at elevated temperatures. The results f the rock-water interaction include alteration
of the minerals involved. In the LBT, the geochemical process was to be investigated by
determining the change in the mineralogy in the block due to heating. Post-test drilling was
conducted to recover cores at locations where po sible rock-water interactions might have
occurred. X-ray diffraction (XRD) analyses were conducted on the pre-test and the post-test
ample to a sess the mineralogical alterations. It should be noted that pre-test and post-test

samples cannot be obtained at the same location; therefore, the comparison is qualitative at best.
Because the main purpose of the comparison is to assess the effect of the test on the alteration in
the mineralogical composition of the block, only the qualitative XRD analysis, using Jade
oftware, was performed. The XRD analysis is considered non-Q becau e the software used in

the analy es, Jade v.3.l is not qualified yet.

8.2.3.2 Mea urements

A total of 19 LBT sample were x-rayed and analyzed. These 19 samples are listed in Table 8-2
with their computer filenames as well as their borehole and depth identifiers. The fir t eight
ampl s were pre-test bulk samples. The next se en samples, 9-15, were post-test bulk samples.

The final four ample, 16-19, were pre-test "fracture" samples. It was ery difficult to obtain
enough post-test fracture sample for x-ray analy is. Sample #10 in Table 8-1 was a post-test
bulk ample with some fracture minerals. All samples were crushed in a tungsten carbide spex
ring-mill and then sieved to 100-200 mesh using a stainless steel sieve, then further pulverized to
les than 10 ~m with a vibratory mill in a sintered corundum bowl and ball before being placed
into a tainle teel holder for XRD analysis. (In a few of the resulting patterns there is a
diffraction peak that appears to be a ociated with the stainless steel holder used in these
measurements.)

A qualitative characterization was done for all 19 LBT samples using Jade v.3.1 XRD pattern
proce sing and identification oftware. The powder pattern data for each sample was imported
into Jade and corrected for peak po itioning using a 2-theta calibration that resulted from the
measurement of a ational Institute of tandards and Technology I T) traceable standard
made close in time to the unknown sample's measurement. The resulting pattern was then
background subtracted before using the search/match function in Jade to identify possible
mineral phas s in the powder pattern. The resulting hit list was sorted by figure of merit. The
fir t 10 or 20 patterns listed, those with the lowest figure-of-merit scores, were then visually
compar d with the pattern from the unknown sample. The fewest number of minerals that when
combined be t reproduced the ample pattern visually were then plotted and printed. Those
minerals that visually reproduced the sample pattern the best are listed in Table 8-2 for each of
th 19 LBT samples. The minerals identified are listed horizontally from the lowest to highest
figur -of-merit score.

Generally, the "bulk" solids from both the pre- and post-test samples appear to be mixtures of
i02 polymorph -i.e., quartz and cri tobalite-and various forms of feldspar minerals. The
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patterns of the final four amples, the' fracture" amples, were differ nt from the fir t 15 LBT
amples. All four appear to be mixtures of calcite and quartz. In one of th fractur ampI

#16, there appears to be orne feldspar that was be t identified as sanjdine. In another fracture
ampl ,#17, there appears to be some corundum, but tills may very well be a contamination that

re ulted from its being proces ed in the laboratory, because corundum wa u ed a a
quantification tracer for quantitative -ray analyses. The results indicate that there as no
ignificant change in the mineralogy of the matrix of the rock mass between the pre-te t ample

and the post-test samples. This is expected, because most of the rock-water interaction wa
e pected to be along fractures. Due to sampling limitations, the change in the mineralogical
compo ition in the fracture urface mineral wa not conclu ive.

Table 8-2. Qualitative Results for the 19 Solid Samples from the Large Block Test Resulting from
Analyses using Jade Software Package.

In order of LOWEST ufi ~ure-of-merit" (FOM)
1 2 3 4 5 6

No. Computer Sample # Borehole # Depth
file name from

collar (m)
I 39792 SMF039792 UE25FR#EI0 5.304 quartz cristobalite anorthite Isanidine albite
2 39800 SMF039800 UE25FR#N3 3.018 quartz microcline anorthite
3 39796 SMF039796 UE25FR#N4 1.036 cristobalite sanidine anorthite quartz
4 39805 SMF039805 UE25FR#N6 0.213 quartz anorthite orthoclase albite
5 39799 SMF039799 UE25FR#N6 2.286 cristobalite quartz microcline anorthite albite
6 39797 SMF039797 UE25FR#N6 5.608 sanidine cristobal ite orthoclase anorthite quartz
7 39804 SMF039804 UE25FR#N7 3.353 quartz anorthite ortJlOclase
8 39803 SMF039803 UE25FR#N7 6.37 crisobal ite quartz orthoclase anorthite sanidine albite
9 2679 I SPC2015679 UE25FRPTC# II 1.128 quartz orthoclase albite anortJlite
10 SPC679 SPC2015679 UE25FRPTC#11 1.219 quartz sanidine orthoclase albite anorthite
II 2679 2 SPC2015679 UE25FRPTC#11 1.372 cristobalite orthoclase albite quartz anorthite microclllle
12 2851 I SPC2015851 UE25FRPTC#17 0.335 quartz orthoclase Isanidine anorthite
13 2851 2 SPC2015851 UE25 FRPTC# 17 0.549 quartz orthoclase sanidine anorthite albite
14 2843 I SPC2015851 UE25FRPTC# 17 1.524 sanidine cristobalite albite microcline quartz
15 2843 2 SPC2015843 UE25 FRPTC# 18 1.829 quartz anorthite orthoclase
16 39804A SMF039804 UE25FR#NI 5.913 calcite quartz ,sanidine
17 39802A SMF039802 UE25FR#N4 2.743 calcite corundum quartz
18 39799A SMF039799 UE25FR#N6 2.438 calcite quartz
19 39806A SMF039806 UE25FR#N6 5.913 calcite quartz
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Figure 8-1. Sample SPC0039799: Pre-Test Fracture of a Crusty-Coating of AI, Mn-rich Composition.
The Grain Appearance and Analysis (Figure 8-2) Are Consistent with the Layer-Structure
Mn-oxides Lithiophorite.
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Figure 8-2. EDX Spectrum Corresponding to Area Shown in Figure 8-1 (Presumably the Reported Mineral
Is Lithiophorite, Where Li Is Too Light for EDX Detection)
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Figure 8-3. Sample SPC0039806: Pre-test Fracture Sample Exhibits Well-developed Crystalline
Morphology. The Blocky Crystals Are Consistent with Calcite. Small Rounded Mounds,
Lighter in Color and Scattered Around the Bases of the Calcite Are Determined to Be Silica
Polymorph (See Figures 8-5 and 8-6)
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Figure 8-5. Sample SPC0039806: Pre-Test Fracture, Magnified View of Rounded Masses Similar
to Those Shown in Figure 8-3 (Bases of Blocky Crystals). EDX Is Consistent with a
Silica Polymorph
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Figure 8-7. Sample SPC0039806: Strand Lying on the Surface of Other Minerals. The Morphology and
Relative Chemistry Suggest a Clay Mineral

8-13 December 200 I



o - 20 KeU Super ATW
1QSs Pre-€t: 3000s Remaining: 2855s
l8Ss 22% Dead

a a
~ .., ~_I. ~ ""

19 cts

KC
1

2 •6Lf3 k el}
r:::h llf2=

O.5u THICK FILAMENT 6KU

>-~-RAV:

L i ·...·e:

< •1
FS= lK
~lE~11 :#6
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Figure 8-9. Sample SPC0039799 Pre-Test Sample with Calcite Grain (EDX Not Shown) Showing
Pronounced Dissolution

8-15 December 200 1



Figure 8-10. Sample SPC02015843 Post-Test Sample with Significant Dissolution of a K-Rich Feldspar
(EDX Not Shown)
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Figure 8-11. Sample SPC02015843 Post-Test Sample (Different Area Than Imaged in Figure 8-10):
Chevron Features are Sub-Micron Sized, Appear to Be Further Evidence of Dissolution
(Grain Not Identified by EDX)
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Figure 8-12. Sample SPC02015679 Post-Test Sample: an Abundance of the Matted Fibrous Material
Covers Surfaces of Different Grains, Appears to Have a Morphology and Chemistry
Consistent with a Clay
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Figure 8-13. Sample SPC039806 Pre-Test Sample: the Same Fibrous Mineral Is Observed Coating
Minerals of Fracture Surfaces Before Thermal Testing
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Figure 8-14. Sample SPC02015679 Post-Test Sample: Overview of Post-Test Mineral Surface Exhibits
Several Minerals-the Fibrous Matted Mineral, the Spherical Silica Polymorphs, Possibly
Ribbons of Pore-Bridging Illite
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• 9. OTHER MEASUREMENTS AND OBSERVATIONS

9.1 OBSERVATION HOLES

As mentioned in Section 3.3, four observation holes were drilled near the bottom of the block.
Those were E03, N01, N02, and W05 (See Figures 3-3, 5-2, 5-3, and 5-4). The original
purpose of those holes was to provide direct observation of the drainage of water in the block
during the test. Later, those holes became the sampling spots for the microbial investigation (See
Section 9.3). The x-y-z coordinates of those holes are shown in Table 9-1 below. The
observation was considered scoping in nature, therefore was a non-quality-affecting activity. It
did not produce Q-results. There was no measurement and test equipment involved.

Table 9-1, X-Y-Z Coordinates of the Collar, C, and Bottom, TD, of the Observation Holes of the LBT

Hole# x (m) y (m) z (m)
E03-C 3.048 2.743 -3.962
E03-TD 0.305 2.743 -3.962
N01-C 2.134 3.048 -4.115
N01-T 2.134 0.305 -4.115
N02-C 0.914 3.048 -4.115
N02-TD 0.914 0.305 -4.115
W05-C 0 0.914 -3.962
W05-TD 2.743 0.914 -3.962

• NOTE: The origin of the coordinates is the southwest corner of the block top.

E03 was drilled from the east face, at about 0.305 m from the northern edge and 3.962 m below
the top (about 1.22 m below the heater plane). N01 was drilled from the north face at about
0.914 m from the east edge and 4.115 m below the top (about 1.37 m below the heater plane).
N02 was drilled from the north face at about 0.914 m from the west edge and 4.115 m below the
top (about 1.37 m below the heater plane). W05 was drilled from the west face at about 0.914 m
from the south edge and 3.962 m below the top (about 1.22 m below the heater plane).

9.1.1 Construction of the Observation Assembly

One observation assembly set was inserted into each of the observation holes. The observation
assembly consisted of one pyrex™ tube of about 1.9 cm inside diameter and 2.769 m in length,
one piece of white cloth strip about 3 m in length and about 5 cm in width, and one half
polyvinyl chloride (PVC) pipe, which was split longitudinally. The inside diameter of the PVC
pipe was about the same as the outside diameter of the Pyrex™ tube. The Pyrex™ tube was
placed within the half PVC pipe, and the white cloth was placed between the Pyrex™ tube and
the PVC pipe. Lines of water-soluble marker (commercial black ink and blue powder tempera
paint were used) were drawn on top of the Pyrex™ tube longitudinally. Tape was used to hold
the assembly together. The assembly was placed in the observation holes with the open end of
the Pyrex™ tube facing the collar of the hole, and the closed end of the Pyrex™ tube touched the
bottom of the hole. The Pyrex™ tube was to allow a borehole video camera to be used to view

• the inside of the borehole wall. The lines of water-soluble marker were used to register water'
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dripping on the Pyrex™ tube (be washed away by water), and the dissolved marker might leave
stains on the white cloth.

9.1.2 Observations

The observation assembly was satisfactory tested outside of the hole, but it was soon found that
fog in the pyrex™ tube (the tube) made the video viewing not very successful. It was decided to
periodically remove the observation assembly. The moisture on the tube and the white cloth
were sampled for the microbial investigation when the observation assembly was removed and
reconditioned. The observation assemblies were removed for inspection and reconditioning on
the following dates: April 16, 1997 (day 47 since the heating started), August 4, 1997 (day 157
since the heating started), November 12, 1997 (day 257 since the heating started), February 3,
1998 (day 340 since the heating started), March 25, 1998 (390th day since the heating started,
and the 15th day since the heaters were turned off), July 9, 1998 (121st day since the heating
ended), and October 2, 1998 (206th day since the heating ended). The observations were
focused on the evidence of discrete flow of water. The observations are recorded below.

• April 16, 1997 (47 days of heating)

•

E03: The tube was not warm to touch. Water drops were continuously on the inner half of the
tube (0 to 1.37 m from the bottom). The black ink was gone. There were stain spots at the
following distances from the bottom of the hole: 0.11-0.356,0.89, 1.65, 1.69, and 1.77 m. There
was a black spot at the collar (2.74 m from the bottom). Right after the assembly was re-
emplaced in the hole, video image showed that moisture appeared on the section of the tube from •
1.22 m from the collar to the end of the tube.

NOl: The tube was not warm to touch. Water condensation on the entire length of the tube.
The black ink was gone. One black spot on the white cloth at 0.83 m from the bottom. The cloth
was damp to touch; water was seen on the PVC pipe.

N02: The tube was not warm to touch. Water condensation on the entire length of the tube.
The black ink was gone. There was one black spot on the cloth at 0.1 m from the collar. Black
spots on the cloth at the following distances from the bottom: 0.25, 0.46, 0.48, 0.51, 0.53, and
0.91 m. The cloth was damp in the inner two-thirds of the hole.

W05: The tube could not be removed, probably due to the deformation of the block.

• August 4, 1997 (157 days of heating)

E03: The tube was warm to touch. All markers were gone. No water condensation was seen.
Stains covered the cloth. The cloth was not wet.

NOl: The tube was hot to the touch. There was water condensation on the entire tube. The
cloth was damp. There were no discrete marks on the cloth.

N02: The tube was hot to the touch (similar to NOl). There was water condensation on the
. inner 2.44 m of the tube. There was no discrete mark on the cloth. The cloth was damp, but not •
as damp as that of NO1.
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•

•

•

W05: The tube could not be removed. This was the same for all ofthe following observations.

• November 12, 1997 (257 days of heating)

E03: The tube was warm to the touch. There was water condensation on the outer 1.043 m of
the tube. The blue paint on the tube was gone at the follow distances from the bottom: 1-1.15,
1.25-1.36, 1.4-1.5, and 1.72-2.47 m. There was a stain spot on the cloth at 0.78-0.92 m from
the bottom. The cloth was dry.

NOl: The tube was warm to the the touch. There were spotty water condensations on the tube
for the entire length. There was no discrete mark on the cloth. The cloth was wet.

N02: The tube was warmer than that in E03 and N01. There was no water condensation on
the tube, but the tube was wet at the bottom end. There was no discrete mark on the cloth. The
cloth was wet to touch. There was water in the PVC pipe.

• February 3, 1998 (340 days of heating)

E03: The tube was warm to the touch. The blue paint was intact. There were black spots on
the cloth at the following distances from the bottom: 0.57-0.7, 0.77, 0.78, 0.8, 0.83-1.07 m. This
was an area with blue color on top; there were seven black spots, each 0.5-1 cm in diameter.
Those spots were at 0.9,0.94,0.96,0.98, 1.02,0.13, 1.05, 1.15, and 1.41 m. There was no water
condensation on the tube. The cloth was wet from 0-0.5 m, and 1.4-2.76 m from the bottom.
There were blue stains in the cloth at 2-2.76 m from the bottom. There was a big black spot on
the cloth near the collar.

NOl: The tube was warm to the touch. There was water condensation in the entire length of the
tube. There was black stain on the cloth at the collar. The blue paint was washed away at the
follow distances from the bottom: 0.4, 0.5, 0.51, 0.52, 0.53, 0.54, 0.55, 0.56, 0.58, 0.59, 0.6,
0.69,0.88,0.89,0.92,0.94,0.99, 1.16, 1.37, 1.57,2.31,2.32, and 2.33 m. The cloth was wet in
its entire length. There were blue spots on the cloth at the following distances from the bottom:
0.08,0.43,0.83-0.9, 1.3-1.4,2.05, and 2.3 m.

N02: The tube was warm to the touch; it was warmer than NOI and E03. There was no water
condensation on the tube. There was no obvious spot on the cloth. The cloth was wet.

• March 25, 1998 (15 days since cooling)

E03: The tube was warm to touch. There was no water condensation. The black ink was gone.
The blue paint disappeared at the following distances from the bottom: 0-0.1, 0.95-1.2, 2.12
2.32, and 2.33-2.75 m. There were black stain spots on the cloth at the following distances from
the bottom: 0-0.17, 0.18-0.56, 0.65, 0.69, 0.72, 0.88-1.0, and 2,75 m. There was a water stain at
1-1.85 m from the bottom. There was a big bluelblack spot at 1.13-1.6 m from the bottom.
There were blue spots on the cloth at the following distances from the bottom: 2.11, 2.14, 2.15,
2.17,2.2,2.23,2.33,2.34,2.35,2.36,2.39,2.4,2.44,2.45, 2.59, 2.61, and 2.62 m. The cloth
was not wet.

9-3 December 200 I



'il

N01: The tube was slightly warm to the touch. There was water condensation on the entire
length of the tube. The black ink was gone; the blue paint was intact. The blue paint was
washed away at 1.33-1.42 m from the bottom. The cloth was damp. There was no obvious stain
spot.

N02: The tube was slightly warm. There were some water condensations but less than in NO 1.
The black ink was gone; the blue paint was intact. There was no stain spot. The cloth was
damp.

• July 9, 1998 (121 days since cooling)

E03: The tube was not warm. There was no water condensation. The black ink was gone; the
blue paint was intact. There were black marks on the cloth at the following distances from the
bottom: 0.33, 0.5-0.58, 1.5, and 2.5-2.74 m. There were drip marks on the tube at 1.83-2.2 m
from the bottom. The cloth was wet.

N01: The tube was not warm. There was no water condensation. The black ink was gone. The
blue paint had gaps at the follow distances from the bottom: 0.43, 0.57, 0.72, 0.85, and 0.93 m.
There were five flow marks on the tube at 1.03-1.12 m from the bottom, and there was one flow
mark at 2.17-2.22 m from the bottom. The cloth was wet.

N02: The tube was not warm. There was no water condensation. The black ink was gone; the
blue paint was intact. There was a gap of the blue paint at 0.4 m from the bottom. There were
black spots in the cloth at the following distances from the bottom: 2.23, 2.25, 2.27, 2.28, 2.34,
2.37, and 2.38 m. The cloth was damp.

• October 2, 1998 (206 days since cooling)

E03: There was no water condensation. Most of the black ink was gone; the blue paint was
intact. There was no sign of drips. There was a big blue/black stain on the cloth at 0.5-0.67 m
from the bottom, and there were some spots at 1.() m and 2.1-2.4 m from the bottom. The cloth
felt wet.

N01: There was no water condensation. The black ink was gone; the blue paint was intact.
There were black spots on the cloth at the following distances from the bottom: 0.2, 0.23, 0.25,
0.27,0.3,0.45,0.47,0.53,0.8,0.87,0.89,0.91, 0.92, 0.93-1.0, and 1.69 m. There were stains at
1.4-1.6 m and 2.3-2.75 m form the bottom. The cloth felt wet.

N02: There was no water condensation. The black ink was gone; the blue paint was intact.
There was stain on the cloth throughout the entire length. There were some spots at the
following distances from the bottom: 0.53-0.59, 1.32, 1.35, 1.39, 1.8, 1.91, and 1.97 m. The
cloth felt wetter than in N01 and E03.

9.1.3 Conclusions

I '

•

•

The observations near the bottom of the block indicate that water did flow away and downward
from the heater plane. It is possible that the in-situ moisture content of the rock mass caused the •
observed water condensation on the tube. However, the water condensation did not occur in all
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holes, nor did it occur all the time in each hole. Therefore, the observed water condensation may
shed some light about the hydrological processes below the heater plane. The observation
assemblies did provide discrete traces of water flow, but it is difficult to distinguish the marks
caused by condensation dripping from those caused by discrete fracture flow.

9.2 RELATIVE HUMIDITY AND TEMPERATURE RESULTS FROM HYDROLOGY
BOREHOLES

Four hydrology boreholes were emplaced in the large block and instrumented with Humicap
sensors that provide temperature and relative humidity data. One hydrology borehole was
vertical, and the other three were horizontal: two east-west and one north-south. The vertical
borehole, TH I, was bored from the top surface. Two hydrology boreholes were bored from the
west face of the large block: WHI, at 1.5 m, and WH2, at 0.5 m above the heater plane
respectively. The north-south hydrology borehole, NHI, was bored from the north face at 0.3 m
above the heater plane. A single Humicap was installed in each of the horizontal hydrology
boreholes, and three were installed in the vertical hydrology borehole. Markers were installed in
those hydrology holes to seal the holes. One Humicap was installed in a pack-off zone between
two markers. The pack-off zone was about 0.46 m in length. The location of the sensors in each
hole is shown in Table 9-2. The Humicap sensors in the first two zones of the vertical borehole
performed unreliably during the LBT, and the discussion below, therefore, focuses on the third
zone of the vertical hole and the horizontal boreholes.

Table 9-2. The Location of Humicap in the Hydrology Holes

Borehole # Zone Depth from collar (m)
NH1 1 1.78
WH1 1 1.76
WH2 1 1.76
TH1 1 3.57
TH1 2 2.57
TH1 3 1.56

Of the horizontal hydrology boreholes, NH1 is the closest to the heater plane (0.305 m above the
heater plane). This distance from the heater plane is in between that ofRTD #15 and #16 in the
temperature hole TTL The NH1 Humicap sensor provided usable temperature and humidity data
for approximately 135 days, measured from the onset of heating. All of the Humicap sensors
experienced a problem at about 135 days, but those in the other horizontal boreholes recovered
after a few days. Temperatures recorded by NH1 rose over the entire 135-day interval, except
for a couple of minor dips related to heater power outages (Figure 9-1). Most of the temperature
increase occurred in the first 30 days, and the expected boiling point of water was reached at
approximately 70 days. The maximum temperature recorded, just before failure, was about
110°C. This temperature was very close to what was measured at TTl-15, but it was greater
than that at TTl-16, TT2-15, and TT2-16, because those RTDs were engaged in a TH event as
described in Section 5. The initial relative humidity (RH) in borehole NH1 was about 90%, and
high RH values were recorded throughout the lifetime of the sensor. Relative humidity values of
about 90% were recorded until about 85 days into heating, after which the humidity level appears
to have gradually declined to just under 80% by 125 days (Figure 9-2). This high humidity is
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expected because the moisture content in the proximity of this Humicap had decreased by only
about 2.5% fraction volume, as determined by neutron logging.

Borehole WH2 is located 0.5 m above the heater plane and about 0.2 m above borehole NHI.
The WH2 Humicap sensor provided somewhat noisy, but usable, data for nearly 600 days.
Temperature and RH data recorded by WH2 during the heating phase and early cooling phase of
the LBT (327 days) are shown in Figures 9-3 and 9-4. The WH2 temperature (Figure 9-3)
results during the first 125 days are similar to those for NHI. Most of the temperature increase
occurred in the first 30 days. The expected boiling point of water was reached by 105 days, a
little later than for NHl, as expected, since WH2 is an additional 20 cm above the heater plane.
Temperatures rose until about 230 days, then declined slowly, due to the power reduction in
order to maintain a steady-state temperature. As with NHl, the initial RH was about 90% and
remained high until slightly past 125 days (Figure 9-4). Temperatures remained near 100°C
between 105 and 125 days. Data were lost at about 135 days, as with NHl, but data acquisition
was restored within a few days. Relative humidity values slightly under 80% were recorded
upon recovery and were followed by a large and sustained drop, falling to about 25% by about
230 days. This decrease in the humidity was sooner than expected, because the rock at this
distance from the heater plane did not lose 7% of its total moisture loss until Day 330 (January
28, 1998). During the same time interval, temperatures rose to slightly above 120°C. Coincident
with the drop in temperatures, RH recovered somewhat, and RH values of about 40% were
recorded at 270 days. Later, the temperature showed a rapid drop at approximately 375 days,
due to the turning off of the heaters, and a decline in RH to 20% at 380 days, followed by a
gradual recovery to just over 30% at the end of the record. Approximately 20 days of data were
lost at about the time that temperatures at WH2 began to fall sharply.

Borehole WHI is located 1.5 m above the heater plane and 1 m above borehole WH2. The
temperature and humidity data for the WHI Humicap are noisy, but usable data are provided for
nearly 600 days. Temperature and RH data from WHI are shown for the first 327 days in
Figures 9-5 and 9-6. Reliable data are again missing for the interval between 135 and 145 days,
as with WH2. The WHI temperature history (Figure 9-5) shows that the expected boiling point
of water was never attained in borehole WHI. Temperatures increased throughout the LBT
heating phase and reached a peak of about 90°C near 230 days, then declined to about 80°C by
290 days. This temperature history agreed well with that measured by RTD ofTTI-21 and TTl
22, which are at comparable distances from the heater plane. Relative humidity (Figure 9-4)
remained at, or above, 90% throughout the entire 327-day record. This is expected because the
rock at this distance from the heater plane had only lost about 1% of the fraction volume. As
with WH-2, approximately 20 days of data were lost beginning around Day 375.

•

•

The temperature and the RH measured in zone 3 in THI are presented in Figures 9-7 and 9-8
respectively. As shown in Table 9-2, this zone was at about 1.18 m from the heater plane. THI
was only about 0.61 m due east from TTL The distance from the heater plane of zone 3 in THI
was similar to that of TTI-20. The temperature measurement of the Humicap stopped
functioning at about Day 365, and the humidity measurement stopped functioning at Day 200.
The measured temperature (Figure 9-7) agreed well with that measured by RTD at TTI-20. The
RH remained at about 90% until about Day 107, then engaged in fluctuations until Day 200,
when it ceased functioning. This fluctuation in the humidity coincided with the TH event on •
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June 13, 1997 (Day 107). The high RH before Day 107 was expected because the rock at this
distance from the heater plane had not yet lost much moisture.

The small number of humidity sensors deployed in the LBT limits the conclusions that can be
drawn. However, the temperature and RH records from borehole WH2 clearly show that a dry
zone extended 0.5 m or more above the heater plane after 135 days. Higher in the block, at 1.5
m above the heater plane (borehole WH-1), boiling conditions were never reached, and RH
remained high throughout the LBT.

9.3 MICROBIAL SURVIVABILITY AND MIGRATION

Bacteria may affect the performance of a potential nuclear waste repository. Bacteria can carry
. out reduction-oxidation reactions that may change the waste package environment. The waste
package environment may affect the integrity of waste package materials and the transport of
radionuclides. The survivability of bacteria in the conditions of heat and radiation produced by
waste packages is of interest to the performance assessment of a repository. The migration of
bacteria is also of interest to the understanding of the near-field environment. Qualitative
observations of the survivability and migration of bacteria in a heated rock mass were conducted
in the LBT. It should be stressed that those observations were scoping in nature; therefore they
should be treated as non-Q, in accordance with the LLNL YMP Quality Assurance Program. The
summary of the microbial work presented below is extracted from a report by Chen et al. (1998).

For the investigation of the survival and migration of bacteria in the LBT, double-drug-resistant
mutants of microbes collected from the large block as markers of bacterial migration were used.
Native double-drug-resistant mutants are rare. Therefore, if a large number of cultured double
drug-resistant microbes are injected into the block, there is a high probability that any double
drug-resistant microbes that are recovered were derived from the injected microbes. Bacillus
subtilis and Arthrobacter oxydans were isolated from Topopah Spring tuff collected adjacent to
the large block. These selected microbial species were labeled to be resistant to two drugs:
rifampicin and streptomicin. The double-drug-resistant strains were resuspended in 1.5% agar.
The inoculated agar, with a bacteria population in the order of about 1010, was extruded into each
of the five horizontal heater holes (EH-1 through EH-5) on February 14, 1997, just prior to the
insertion of the heaters. It was distributed along the length of the heater holes by lateral extrusion
from the end of a syringe fabricated from a 9-foot length of PVC tubing.

Samples were collected at Days 172, 271, 354, 404, 510, and 595 after the initiation of the
heating phase and through the cooling phase in the observation holes (N01, N02, and E03). The
heaters were turned off on Day 389. The construction of the observation holes is described in
Section 9.1. These horizontal holes were located approximately 1.5 m below the injection
(heater) holes at the base of the block. At each sampling, the white cloth strips were removed and
replaced. Bacterial cells were also collected with a moistened sterile swab (glass fiber or filter
paper) from the top of the Pyrex™ glass tube. Samples were also collected from the heater holes
two times: once during the heating phase, when a single heater was removed for repair, and a
second sampling was conducted after the LBT was completed. For the sampling in the heater
hole, the heaters were removed from the block, and their surfaces were swiped with moistened
sterile filter paper.
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The sampling results showed that double-drug-resistant bacteria were found in the observation
holes. The number of double-drug-resistant bacteria that were identified in each borehole
increased with time up to Day 404, and no double-drug-resistant bacteria were observed at Day
510 and Day 595, reflecting, in general, the thermal history of the block. There appears to be
consistency among the three holes of cell number versus time; all have the highest cell number
observed at Day 404. However, more cells were retrieved from NOI than from any other
boreholes. Sampling in the heater holes showed no double-drug-resistant bacteria during the
heating phase. However, positive indications did result from the sample collected after the
cooling phase. These results indicate that double-drug-Iabeled microbes migrated from the heater
holes to the observation holes within nine months, possibly assisted by water flow. Culturable
cells reappeared on the heaters after the test, indicating that microbial activity in the local
environment of the heaters was only inactive during the thermal pulse.

•

•

•
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9-9 December 200 I



NH-1 o NH1-H1

150125100755025

•••••••••••••••••••••••••• ~ ••••••••••••••••••••••••••••• ; ••••••••••••••••••••••••••••• ; •••••••••• 0 •••••••••••••••••• ~ ••••••••••••••••••••••••••••• : ••••••••••••••••••••••••••

: : : :
: j ~ 1· . .: : :

: : :
~ ~ ~· . .· . .

TT!'T
: : : : :I I I :
: :..........................: : : .
~ ~ ~
:: :
1 1 ~
:: :

L;Ti r
, ! Iii

o
o

40

20

80

60

100

Elapsed Time (days)

Figure 9-2. Relative Humidity Measured by the Humicap in Hole NH-1 as a Function of Time

9-10 Decemb r 200 1



o VVH2-T1 IWH-2

· . . .

O'l

50

25

75

125

100

o
o 100 200 300 400 500 600

Elapsed Time (days)

Figure 9-3. Temperature Measured by the Humicap in Hole WH-2 as a Function of Time

9-11 December 200 I



100
WH-2 VVH2-H1

600500400300200100

O j j + j j ..

iii i i
I I I I I

..· ·· ·..······.. ··1..·..·..·..· ··· .. ··-1- ..·· ···· ..·..·..·.. ···1··..··· ·..·..·..·..·..·..1..·..· -1- ..

: : : : :
~ ~ ~ ~ ~
~ . ~ ~ ~

..·..·..·..·..·..···..·· ..1···..·· ····..·..· ····,· ..·..·..!······..···..·· ..·..·..· ·I..·..·..···..·· ..· ·..··.. i· · .
!! ! l
~ ~ ~:

: ~ ~

: ~:....~~..........................: : :....................... . ..

I I I
~ ~ ~:.: :: :. .

o
o

20

40

80

60

Elapsed Time (days)

Figure 9-4. Relative Humidity Measured by the Humicap in Hole WH-2 as a Function of Time

9-12 December 200 I



125

WH-1 o VVH'1-T1 I

600500400300200100

.............................................................................; .

iTil
1 ~ ~

. . . . .··························I..·· ..·..·..·~..·..·..··£·..······· ..·..·······..···[·····························1·····························1····.. ····················

I' I l
...................~ ~ ...........' .. . : : .

: : : :
1 ~
1 i
: :

·························r·························

o
o

25

50

75

100

Elapsed Time (days)

Figure 9-5. Temperature Measured by the Humicap in Hole WH-1 as a Function of Time

9-13 December 200 I



WH-1 o WH1-H1
100

80

60

40

20

.~OI°(P~~.~
··························j·············0········..··j j : : .

: : : : :: : : : :: : : : :: : : : :: : : : :
~ ~ ~ ~ l: : : : :: : : ; :..........................; ; ; ; ; .
: : : : :: : : : :: : : : :: : : : :: : : : :: : : : :: : : : :
~ ~ ~ ~ ~

o
o 100

•
200 300 400 500 600

Elapsed Time (days)

Figure 9-6. Relative Humidity Measured by the Humicap in Hole WH-1 as a Function of Time

9-14 Decemb r 2001



125

TH-1 o TH1-T3 1

400350300250

~o

... ~ + ~ ··············f··················
: : :. .

20015010050

··················t·····················j············· ? .
· .

~ '';): 0~ ~ 0 i
~ ~ f· CO' .: . :

··················t~·········· ·················t·····················!··..·....·..·..···..·r·..·····.. ·· ..·······!···············'Qit:··..·..·········

: ~ ~ ~ ~ ~
~ ~ ~ 1 :. . . .
: : : :
: : : :
: : : :........+ ~ ? ~ ~ ··········1·····················+··················

I;I[,J:.
~ ~O ~ ~ ~ ~
: :: :::: :: ;::
: :: :::
: :: :::
: :: :::· .. ...

o
o

75

25

50

100

Elapsed Time (days)

Figure 9-7. Temperature Measured by the Humicap in the Third Zone of Hole TH-1 as a Function of Time
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10. LARGE BLOCK TEST CONCLUSION AND FINDINGS

10.1 GENERAL CONCLUSION

In general, the LBT performed as intended. Block heating was fairly one-dimensional. The
boundary conditions of the LBT were controlled as planned: (1) the top temperature was
maintained at about 60°C, and (2) the four vertical surfaces were not adiabatic, but they were
insulated and the thermal gradient at the block surface was measured, so that the heat flux away
from the block can be calculated.

The TH processes in the LBT agreed well with the conceptual model of heating a partially
saturated rock mass. Both the temperature and the moisture content measured in the LBT agreed
well with model predictions. The LBT showed that a well-defined dryout zone was generated at
the heater plane, as expected. The water in the block moved away from the heater plane, both
upwardly and downwardly. The LBT showed, via temperature measurements, that condensate
could reflux. The water involved in the condensation refluxing may not have come entirely from
the original pore water in the block. In at least one of the two TH events (the September 2, 1997
event), rainwater assisted in trigging the event. There is no evidence that external water was
involved in the first TH event (June 13, 1997). The LBT also showed that the refluxing
condensate could penetrate the boiling zone, such that temperatures measured below the boiling
zone were affected. The water that moved downward from the heater plane drained away due to
gravity.

The moisture content of the dryout zone reached a minimum late in the heating phase, with a
residual moisture content of about 1-2%. It appears that the thermal energy was being expended
in drying out additional rock rather than inducing additional moisture loss in the dryout zone.
Based on the neutron log data, there appeared to be no rewetting of the rock mass in the dryout
zone within the 6-month natural cool-down period. Given more time, some of the moisture may
rewet the rock mass. However, it is very unlikely that the rock would be rewetted to near its
original status; some of the water left the system for good.

The heating and the associated TH processes did not change the rock matrix very much. Based
on the post-test core analyses, heating did not significantly alter the mechanical and the
mineralogical properties of the rock matrix. On the other hand, fracture deformations were
affected by the heating. The block was so deformed that the observation assembly in W05
became permanently stuck in the hole.

10.2 SPECIFIC FINDINGS

1. Deviation from a uniformly one-dimensional moisture distribution is significant and appears
to be controlled by heterogeneity in the block, probably fractures. For example, the heated
zone was not imaged by ERT as a strictly planar anomaly. Even more obvious was a large,
strong, and persistent dry zone that extended from the heater plane upward to the top of the
block, near the western side of the ERT east-west plane. The dry zone formed as early as
May 1997 and persisted to February 1998. The neutron results in borehole WN4 showed a
similar dryout feature at about 0.8 m from the west face, starting in early July 1997 and
lasting throughout the remainder of the test.
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2. Water drainage below the heater plane was observed through ERT as a wet zone near the
center of the east-west plane in July 1997. The wet zone became drier in January 1998.
Water drainage was also observed by neutron logging as two relatively wet zones along
borehole NN6 from early July 1997 until February 1998.

3. A heat-pipe event may have been observed by ERT. During August and September 1997, a
persistent wet anomaly was observed in the east-west ERT plane directly above the heaters
and adjacent to a persistent dry anomaly. This may be the ERT signature of a heat pipe.

4. The results of the microbial investigation indicate that double-drug-Iabeled microbes
migrated from the heater holes to the observation holes during the test. This finding means
that the microbes survived the thermal environment and were able to migrate toward the
observation holes, possibly assisted by the drainage water. Culturable cells reappeared on the
heaters after the test, indicating that microbial activity near the heaters was only inactive
during the thermal pulse.

•

•

•
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APPENDIX A:
BOREHOLE LISTING AND INSTRUMENT TYPE BY BLOCK SURFACE

Hole or
instrument Borehole

number Description Installation method size (cm)

Top of block
RTD1 Surface mounted on AI plate clamp or epoxy after coils emplaced

RTD2 Surface mounted on AI plate

RTD3 Surface mounted on AI plate
RTD4 Surface mounted on AI plate

RTD5 Surface mounted on AI plate

TN1 Neutron liner grouted in place 3.81
TN2 Neutron liner grouted in place 3.81
TN3 Neutron liner grouted in place 3.81
TN4 Neutron liner grouted in place 3.81
TN5 Neutron liner grouted in place 3.81
TM1 Mech MPBX grouted in 7.62
TM2 Optical extens with liner 7.62
TH1 Hydrol with packer LBNL will use for K test, then install 7.62
TI1 RTDs grouted 30 RTD bundle 3.81
TI2 RTDs grouted 30 RTD bundle 3.81
TR1 Reka probe 4-ft deep hole grouted after installed 1.27
LBL1 Open hole Used for K test and then grouted in 3.81
LBL2 Open hole Used for K test and then grouted in 3.81

North side
NN1 Neutron liner grouted in place 3.81
NN2 Neutron liner grouted in place 3.81
NN3 Neutron liner grouted in place 3.81
NN4 Neutron liner grouted in place 3.81
NN5 Neutron liner grouted in place 3.81
NN6 Neutron liner grouted in place 3.81
NT1 RTDs grouted 14 RTD bundle 3.81
NT2 RTDs grouted 14 RTDs-larger borehole to grout 7.62
NT3 RTDs grouted 14 RTDs-larger borehole to grout 7.62
NT4 RTDs grouted 14 RTD bundle 3.81
NM1 Mech MPBX Grouted after install 7.62·
NM2 Mech MPBX Grouted after install 7.62
NM3 Mech MPBX Grouted after install 7.62
NH1 Hydrol with packer LBNL may use for K test, then install 7.62
N01 Observation hole pyrex liner w/crape paper-pvc support 3.81
N02 Observation hole pyrex liner w/crape paper-pvc support 3.81

West side
WN1 Neutron liner grouted in place 3.81
WN2 Neutron liner grouted in place 3.81
WN3 Neutron liner grouted in place 3.81
WN4 Neutron liner grouted in place 3.81
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WM1 Mech MPBX grouted after emplacement 7.62
WM2 Mech MPBX grouted after emplacement 7.62
WM3 Mech MPBX grouted after emplacement 7.62
WT1 RTDs grouted 14 RTD bundle 3.81
WT2 RTDs grouted 14 RTD bundle 3.81
WT3 RTDs grouted 14 RTD bundle 3.81
WH1 Hydrol wI packer LBNL may use for K test, then install 7.62
WH2 Hydrol wI packer LBNL may use for K test, then install 7.62
WR1 Reka Probe Grout after install 1.27
WR2 Reka Probe Grout after install 1.27
W05 Observation hole pyrex liner wlcrape paper-pvc support 3.81

South side: no boreholes
East side

EH1 heater Centralizers. RTDs and heaters 3.81
EH2 heater Centralizers. RTDs and heaters 3.81
EH3 heater Centralizers, RTDs and heaters 3.81
EH4 heater Centralizers, RTDs and heaters 3.81
EH5 heater Centralizers, RTDs and heaters 3.81
E03 Observation hole pyrex liner wlcrape paper-pvc support 3.81
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APPENDIXB:• THE X-Y-Z COORDINATES (IN CM), WITH RESPECT TO THE SOUTHWESTERN
CORNER ON TOP OF THE BLOCK, OF THE COLLAR (THE FIRST LINE) AND THE
TOTAL DEPTH (THE SECOND LINE) OF ALL OF THE HOLES IN THE LBT. THE

HOLE I.D. IN PARENTHESES IS THE CORRESPONDING INSTRUMENTATION HOLE
AS LISTED IN APPENDIX A.

x y z Holel.D.
1.22 3.05 -2.29 UE25FRPTC#1
1.22 0.00 -2.29 UE25FRPTC#1
1.22 3.05 -2.02 UE25FRPTC#2
1.22 0.00 -1.48 UE25FRPTC#2
1.22 3.05 -2.56 UE25FRPTC#3
1.22 0.00 -3.09 UE25FRPTC#3
1.22 3.05 -1.73 UE25FRPTC#4
1.22 0.00 -0.62 UE25FRPTC#4
1.22 3.05 -2.84 UE25FRPTC#5
1.22 0.00 -3.95 UE25FRPTC#5
1.22 3.05 -1.41 UE25FRPTC#6
1.22 0.00 0.35 UE25FRPTC#6
1.22 3.05 -3.76 UE25FRPTC#7
1.22 0.00 -6.70 UE25FRPTC#7
1.22 3.05 -1.01 UE25FRPTC#8
1.22 0.00 1.55 UE25FRPTC#8

• 1.22 3.05 -2.29 UE25FRPTC#9
2.53 0.00 -2.29 UE25FRPTC#9
0.00 1.83 -1.09 UE25FRPTC#10
3.05 1.83 1.29 UE25FRPTC#10
0.00 1.83 -1.30 UE25FRPTC#11
3.05 1.83 0.68 UE25FRPTC#11
0.00 1.83 -1.51 UE25FRPTC#12
3.05 1.83 0.04 UE25FRPTC#12
0.00 1.83 -1.73 UE25FRPTC#13
3.05 1.83 -0.62 UE25FRPTC#13
0.00 1.83 -1.91 UE25FRPTC#14
3.05 1.83 -1.15 UE25FRPTC#14
0.00 1.83 -2.26 UE25FRPTC#15
3.05 1.83 -2.21 UE25FRPTC#15
0.00 1.83 -2.55 UE25FRPTC#16
3.05 1.83 -3.09 UE25FRPTC#16
0.00 1.83 -2.84 UE25FRPTC#17
3.05 1.83 -3.95 UE25FRPTC#17
0.00 1.83 -3.35 UE25FRPTC#18
3.05 1.83 -5.49 UE25FRPTC#18
0.00 1.83 -2.18 UE25FRPTC#19
3.05 1.83 -1.97 UE25FRPTC#19
0.00 1.83 -2.29 UE25FRPTC#19a
3.05 0.52 -2.29 UE25FRPTC#19a• 2.44 1.22 0.00 e1 (TI2)
2.40 1.19 -4.04 e1 (TI2)
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1.52 1.37 0.00 te1 (ERT)
1.52 1.37 -3.96 te1 (ERT) •1.27 1.32 0.00 tr1 (TR1)
1.27 1.32 -1.42 tr1 (TR1)
0.61 1.83 0.00 e10 (LBL1)
0.55 1.81 -4.00 e10 (LBL1)
2.44 1.83 0.00 e2 (TN4)
2.41 1.82 -4.09 e2 (TN4)
1.83 0.61 0.00 e3 (TN2)
1.83 0.62 -4.04 e3 (TN2)
1.22 0.61 0.00 e5 (TN1)
1.18 0.57 -3.99 e5 (TN1)
1.22 1.22 0.00 e6 (TN3)
1.21 1.16 -4.02 e6 (TN3)
1.22 1.83 0.00 e7 (TT1)
1.22 1.83 -3.90 e7 (TI1)
1.22 2.44 0.00 e8 (TN5)
1.21 2.45 -3.99 e8 (TN5)
0.61 1.22 0.00 e9 (LBL2)
0.61 1.22 -3.98 e9 (LBL2)
3.05 0.30 -2.74 eh1 (EH1)
0.30 0.30 -2.74 eh1 (EH1)
3.05 0.91 -2.74 eh2 (EH2)
0.30 0.91 -2.74 eh2 (EH2)
3.05 1.52 -2.74 eh3 (EH3)
0.30 1.52 -2.74 eh3 (EH3) •3.05 2.13 -2.74 eh4 (EH4)
0.30 2.13 -2.74 eh4 (EH4)
3.05 2.74 -2.74 eh5 (EH5)

, 0.30 2.74 -2.74 eh5 (EH5)
3.05 2.74 -3.96 eo3 (E03)
0.30 2.74 -3.96 eo3 (E03)
1.83 1.83 0.00 n1 (TH1)
1.81 1.76 -4.01 n1 (TH1)
1.83 1.22 0.00 n2 (TM1)
1.82 1.21 -4.05 n2 (TM1)
1.83 2.44 0.00 n3 (TM2)
1.78 2.42 -4.09 n3 (TM2)
1.52 3.05 0.00 n4
1.52 3.05 -6.4 n4

0 1.52 0 n5
0 1.52 -6.4 n5

1.52 0 0 n6
1.52 0 -6.4 n6
3.05 1.52 0 n7
3.05 1.52 -6.4 n7
0.00 3.05 -2.44 nh1 (NH1)
2.13 0.30 -2.44 nh1 (NH1)
2.74 3.05 -3.81 nm1 (NM1) •2.74 0.30 -3.81 nm1 (NM1)
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0.91 3.05 -2.44 nm2 (NM2)• 0.91 0.30 -2.44 nm2 (NM2)
0.30 3.05 -0.91 nm3 (NM3)
0.30 0.30 -0.91 nm3 (NM3)
2.13 3.05 -0.91 nn1 (NN1)
2.13 0.30 -0.91 nn1 (NN1)
2.13 3.05 -1.98 nn2 (NN2)
2.13 0.30 -1.98 nn2 (NN2)
2.13 3.05 -3.81 nn3 (NN3)
2.13 0.30 -3.81 nn3 (NN3)
0.91 3.05 -0.91 nn4 (NN4)
0.91 0.30 -0.91 nn4 (NN4)
0.91 3.05 -1.98 nn5 (NN5)
0.91 0.30 -1.98 nn5 (NN5)
0.91 3.05 -3.81 nn6 (NN6)
0.91 0.30 -3.81 nn6 (NN6)
2.13 3.05 -4.11 no1 (N01)
2.13 0.30 -4.11 no1 (N01)
0.91 3.05 -4.11 no2 (N02)
0.91 0.30 -4.11 no2 (N02)
2.74 3.05 -2.44 nt1 (NT1)
2.74 0.30 -2.44 nt1 (NT1)
0.91 3.05 -0.61 nt2 (NT2)
0.91 0.30 -0.61 nt2 (NT2)
0.91 3.05 -3.20 nt3 (NT3)• 0.91 0.30 -3.20 nt3 (NT3)
0.30 3.05 -2.44 nt4 (NT4)
0.30 0.30 -2.44 nt4 (NT4)
0.00 1.68 -1.22 wh1 (WH1)
2.74 1.68 -1.22 wh1 (WH1)
0.00 1.68 -2.29 wh2 (WH2)
2.74 1.68 -2.29 wh2 (WH2)
0.00 2.13 -3.96 wm1 (WM1)
2.74 2.13 -3:96 wm1 (WM1)
0.00 0.91 -1.22 wm2 (WM2)
2.74 0.91 -1.22 wm2 (WM2)
0.00 0.91 -3.05 wm3 (WM3)
2.74 0.91 -3.05 wm3 (WM3)
0.00 2.13 -0.76 wn1 (WN1)
2.74 2.13 -0.76 wn1 (WN1)
0.00 2.13 -1.68 wn2 (WN2)
2.74 2.13 -1.68 wn2 (WN2)
0.00 1.68 -3.96 wn3 (WN3)
2.74 1.68 -3.96 wn3 (WN3)
0.00 0.91 -1.68 wn4 (WN4)
2.74 0.91 -1.68 wn4 (WN4)
0.00 0.91 -3.96 wo5 (W05)
2.74 0.91 -3.96 wo5 (W05)

.~
0.00 1.68 -0.76 wt1 (WT1)
2.74 1.68 -0.76 wt1 (WT1)
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0.00 1.68 -1.68 wt2 (WT2)
2.74 1.68 -1.68 wt2 (WT2) •0.00 1.68 -3.05 wt3 (WT3)
2.74 1.68 -3.05 wt3 (WT3)
0.00 0.63 -1.86 wr1 (WR1)
1.75 0.63 -1.86 wr1 (WR1)
0.00 0.91 -3.32 wr2 (WR2)
1.75 0.91 -3.32 wr2 (WR2)

•

•
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APPENDIXC:
STRUCTURES DOCUMENTED IN THE BOREHOLE VIDEOS

Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

N1
1.83 1.83 -0.14 N-S W 77 top minor subvertical
1.83 1.83 -0.47 N-S W 77 bottom minor subvertical

LBT1 1.83 1.83 -0.53 18 top large subhorizontal

LBT1 1.83 1.83 -0.55 18 base large subhorizontal
1.83 1.83 -0.55 NW-SE SW 72 top minor subvertical
1.83 1.83 -0.78 NW-SE SW 72 bottom minor subvertical
1.83 1.83 -0.93 E-W N top subhorizontal
1.83 1.83 -0.96 E-W N bottom subhorizontal
1.83 1.83 -1.59 E-W S 84 tight fracture
1.83 1.83 -2.28 E-W S 84 tight fracture
1.83 1.83 -2.47 horizontal fracture
1.83 1.83 -2.68 SW-NE SE 72 tight fracture
1.83 1.83 -2.91 SW-NE SE 72 tight fracture
1.83 1.83 -3.37 SW-NE SE 34 open subhorizontal
1.83 1.83 -3.42 SW-NE SE 34 open subhorizontal
1.83 1.83 -3.37 SW-NE SE 72 tight fracture
1.83 1.83 -3.60 SW-NE SE 72 tight fracture
1.83 1.83 -3.78 horizontal fracture

1.83 1.83 -4.08 horizontal fracture
1.83 1.83 -4.26 horizontal fracture
1.83 1.83 -4.36 large horizontal fracture
1.83 1.83 -4.69 subhorizontal
1.83 1.83 -5.10 horizontal partly open
1.83 1.83 -5.28 horizontal fracture
1.83 1.83 -5.30 NW-SE SW 34 top subhorizontal
1.83 1.83 -5.35 NW-SE SW bottom subhorizontal
1.83 1.83 -5.45 E-W NE 59 major open fracture
1.83 1.83 -5.58 E-W NE 59 major open fracture

N2
1.83 1.22 -0.18 E-W S 63 minor fracture
1.83 1.22 -0.34 E-W S 63 minor fracture

LBT1 1.83 1.22 -0.49 top large subhorizontal
LBT1 1.83 1.22 -0.52 base large subhorizontal

1.83 1.22 -0.93 horizontal partly open
LBT17 1.83 1.22 -0.93 N-S W may have alteration halo
LBT17 1.83 1.22 -1.35 N-S W may have alteration halo

1.83 1.22 -1.61 E-W N 53 tight fracture
1.83 1.22 -1.71 E-W N 53 tight fracture

1.83 1.22 -2.95 E-W N top subvertical
1.83 1.22 -3.00 E-W N bottom subvertical
1.83 1.22 -3.69 E-W N top subhorizontal
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Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

1.83 1.22 -3.72 E-W N bottom subhorizontal
1.83 1.22 -3.94 E-W N top subhorizontal
1.83 1.22 -3.97 E-W N bottom subhorizontal
1.83 1.22 -4.30 NW-SE NE top subhorizontal
1.83 1.22 -4.35 NW-SE NE bottom subhorizontal
1.83 1.22 -5.29 NW-SE SW top subvertical
1.83 1.22 -5.44 NW-SE SW bottom subvertical

N3
1.83 2.44 0.00 open horizontal fracture

LBT8 1.83 2.44 0.08 NW-SE SW top subvertical
LBT8 1.83 2.44 -0.25 NW-SE SW bottom subvertical
LBT1 1.83 2.44 -0.51 27 top large subhorizontal
LBT1 1.83 2.44 -0.55 27 base large subhorizontal

1.83 2.44 -0.99 SW-NE NW top subvertical
1.83 2.44 -1.19 SW-NE NW bottom subvertical
1.83 2.44 -1.02 SW-NE NW 72 top moderate/major tight

subvertical
1.83 2.44 -1.24 SW-NE NW 72 bottom moderate/major tight

subvertical
1.83 2.44 -2.11 horizontal fracture
1.83 2.44 -2.79 E-W S 34 major subhorizontal
1.83 2.44 -2.84 E-W S 34 major subhorizontal

LBT22 1.83 2.44 -3.06 SW-NE NW 71 major open subvertical
LBT22 1.83 2.44 -3.28 SW-NE NW 71 major open subvertical
LBT14 1.83 2.44 -3.40 79 horizontal
LBT14 1.83 2.44 -3.81 79 horizontal

1.83 2.44 -4.17 horizontal fracture
1.83 2.44 -4.27 horizontal fracture
1.83 2.44 -4.32 SW-NE SE 82 minor fracture
1.83 2.44 -4.34 horizontal fracture
1.83 2.44 -4.52 horizontal fracture
1.83 2.44 -4.75 horizontal fracture
1.83 2.44 -4.88 SW-NE SE minor
1.83 2.44 -5.03 E-W horizontal fracture
1.83 2.44 -5.31 horizontal fracture

N4
LBT1 1.52 3.05 -0.43 18 top large subhorizontal
LBT1 1.52 3.05 -0.46 18 base large subhorizontal

1.52 3.05 -0.56 84 subhorizontal
1.52 3.05 -1.23 84 subhorizontal

LBT 12 1.52 3.05 -1.27 SW-NE NW 78 major subvertical
LBT 12 1.52 3.05 -1.62 SW-NE Nw 78 major subvertical

1.52 3.05 -1.98 horizontal fracture
LBT13 1.52 3.05 -1.98 E-W top highly fractured zone-open

major
LBT13 1.52 3.05 -3.07 E-W base highly fractured zone-

•

•
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Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

open major

1.52 3.05 -3.43 SW-NE NW 59 top subvertical
1.52 3.05 -3.55 SW-NE NW 59 base subvertical
1.52 3.05 -3.45 horizontal fracture
1.52 3.05 -3.48 horizontal fracture
1.52 3.05 -3.76 horizontal fracture
1.52 3.05 -3.73 horizontal fracture
1.52 3.05 -3.99 horizontal fracture

LBT22 1.52 3.05 4.09 N-S W 53 top major subvertical-open
LBT22 1.52 3.05 4.19 N-S W 53 base major subvertical-open

1.52 3.05 4.32 NW-SE 69 top major open fracture
1.52 3.05 4.52 NW-SE 69 base major open fracture
1.52 3.05 4.60 horizontal fracture
1.52 3.05 4.98 horizontal fracture
1.52 3.05 -5.03 E-W N 53 tight fracture
1.52 3.05 -5.13 E-W N 53 tight fracture
1.52 3.05 4.80 NW-SE SW 83 tight fracture
1.52 3.05 -5.38 NW-SE SW 83 tight fracture
1.52 3.05 -5.41 SW-NE SE 53 major open fracture
1.52 3.05 -5.51 SW-NE SE 53 major open fracture

N5
LBT1 0.00 1.52 -0.17 top large subhorizontal
LBT1 0.00 1.52 -0.51 base,large subhorizontal

0.00 1.52 -0.29 N-S E 90 base vertical fracture
LBT2 0.00 1.52 -0.24 N-S E 77 top major subvertical
LBT2 0.00 1.52 -0.57 N-S E 77 base major subvertical

0.00 1.52 -0.60 SW-NE NW fracture
0.00 1.52 -0.93 base subvertical
0.00 1.52 -1.03 horizontal fracture
0.00 1.52 -1.51 horizontal fracture
0.00 1.52 -1.89 horizontal fracture
0.00 1.52 -2.60 NW-SE NE top sharp, open minor

subvertical
0.00 1.52 -2.76 NW-SE NE bottom sharp, open minor

subvertical
0.00 1.52 -2.86 horizontal fracture
0.00 1.52 -3.16 horizontal fracture
0.00 1.52 -3.47 horizontal fracture

LBT20 0.00 1.52 -3.47 E-W S 78 top major subvertical open
fracture

LBT20 0.00 1.52 -3.82 E-W S 78 base major subvertical open
fracture

0.00 1.52 -3.70 horizontal fracture
0.00 1.52 -3.87 horizontal fracture
0.00 1.52 4.69 N-S W 81 top open fracture
0.00 1.52 4.74 horizontal fracture

C-3 December 2001



Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

0.00 1.52 -4.89 horizontal fracture
0.00 1.52 -5.17 N-S W 81 base open fracture

N6
1.52 0.00 0.05 horizontal fracture
1.52 0.00 -0.15 horizontal fracture

LBT1 1.52 0.00 -0.38 18 top large subhorizontal
LBT1 1.52 0.00 -0.40 18 base large subhorizontal

1.52 0.00 -0.66 N-S W 89 top subvertical, cannot see
base

1.52 0.00 -0.73 89 horizontal fracture
1.52 0.00 -0.81 horizontal fracture
1.52 0.00 -1.22 horizontal fracture
1.52 0.00 -1.57 horizontal fracture
1.52 0.00 -1.67 horizontal fracture
1.52 0.00 0.00 N-S W base subvertical

LBT2 1.52 0.00 -1.90 N45W NE 76 top significant subvertical
LBT2 1.52 0.00 -2.21 N45W NE 76 base significant subvertical

1.52 0.00 -2.10 horizontal fracture
1.52 0.00 -2.66 horizontal fracture

LBT17 1.52 0.00 -2.92 N30W SW 73 top major subvertical (alteration
halo)

LBT17 1.52 0.00 -3.17 N30W SW 73 base major subvertical
(alteration halo)

1.52 0.00 -3.65 horizontal fracture
1.52 0.00 -4.49 N-S W 81 top subvertical
1.52 0.00 -4.95 N-S W 81 base subvertical
1.52 0.00 -4.95 N-S W 53 top subvertical
1.52 0.00 -5.05 N-S W 53 base subvertical
1.52 0.00 -5.10 horizontal fracture
1.52 0.00 -5.25 N30W NE 82 major sharp open fracture

N7
3.05 1.52 -0.24 horizontal fracture

LBT1 3.05 1.52 -0.63 top large subhorizontal
LBT1 3.05 1.52 -0.65 base large subhorizontal

3.05 1.52 -1.06 horizontal fracture
LBT21 3.05 1.52 -1.26 N-S W 76 top minor subvertical
LBT21 3.05 1.52 -1.57 N-S W 76 base minor subvertical

3.05 1.52 -1.49 horizontal fracture
3.05 1.52 -1.92 horizontal fracture
3.05 1.52 -3.27 horizontal fracture
3.05 1.52 -3.88 horizontal fracture
3.05 1.52 -4.41 E-W N top subvertical
3.05 1.52 -4.46 E-W N base subvertical
3.05 1.52 -4.72 90 several vertical cooling joints
3.05 1.52 -5.02 horizontal fracture
3.05 1.52 -5.15 horizontal fracture

•

•

•
C-4 December 2001



•

•

Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

E1
2.44 1.22 -0.09 horizontal fracture

LBT1 2.44 1.22 -0.57 34 top large subhorizontal
LBT1 2.44 1.22 -0.59 34 base large subhorizontal

2.44 1.22 -0.92 -N45W goes out same side of hole
2.44 1.22 -1.03 horizontal fracture
2.44 1.22 -1.10 -N45W goes out same side of hole
2.44 1.22 -1.23 horizontal fracture
2.44 1.22 -1.38 horizontal fracture
2.44 1.22 -1.43 -N45W fracture
2.44 1.22 -1.79 horizontal fracture
2.44 1.22 -2.78 base of open fracture
2.44 1.22 -3.08 NW SW significant fracture
2.44 1.22 -3.29 NW SW significant fracture
2.44 1.22 -3.34 N-S E top open dipping subhorizontal

fracture
2.44 1.22 -3.36 N-S E bottom open dipping

subhorizontal fracture
2.44 1.22 -3.46 top rubble continuous
2.44 1.22 -3.72 base rubble zone
2.44 1.22 -3.57 gaping fracture (cooling joint)
2.44 1.22 -3.72 leaves same side of hole
2.44 1.22 -4.05 E-W S 79 top subvertical
2.44 1.22 -4.25 E-W S 79 base subvertical
2.44 1.22 -4.28 E-W S 78 top subvertical
2.44 1.22 -4.38 horizontal fracture
2.44 1.22 -4.45 E-W S 78 base subvertical
2.44 1.22 -4.53 horizontal fracture
2.44 1.22 -4.61 top subhorizontal
2.44 1.22 -4.66 bottom subhorizontal
2.44 1.22 -4.81 E-W S 69 top subvertical
2.44 1.22 -4.91 E-W S 69 base subvertical
2.44 1.22 -5.17 N-S W 84 top major open subvertical
2.44 1.22 -5.22 horizontal fracture
2.44 1.22 -5.52 N-S W 84 bottom major open subvertical

E2
2.44 1.83 -0.16 horizontal fracture

LBT1 2.44 1.83 -0.59 34 top large subhorizontal
LBT1 2.44 1.83 -0.62 34 base large subhorizontal

2.44 1.83 -1.02 horizontal fracture
2.44 1.83 -1.40 horizontal fracture
2.44 1.83 -1.68 E-W S minor fracture
2.44 1.83 -1.86 E-W S minor fracture
2.44 1.83 -1.86 horizontal fracture
2.44 1.83 -1.99 horizontal fracture
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Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

2.44 1.83 -2.85 horizontal fracture
2.44 1.83 -3.16 N-S major open cooling joint
2.44 1.83 -3.46 N-S major open cooling joint
2.44 1.83 -3.40 E-W S top minor subhorizontal
2.44 1.83 -3.44 E-W S bottom minor subhorizontal
2.44 1.83 -3.56 E-W E top minor/moderate

subhorizontal
2.44 1.83 -3.59 E-W E bottom minor/moderate

subhorizontal
2.44 1.83 -4.02 horizontal fracture
2.44 1.83 -4.07 horizontal fracture
2.44 1.83 -4.15 N-S W top minor subhorizontal
2.44 1.83 -4.20 N-S W bottom minor subhorizontal
2.44 1.83 -4.30 horizontal fracture
2.44 1.83 -4.43 NW-SE NE top open moderate sharp

subhorizontal
2.44 1.83 -4.45 NW-SE NE bottom moderate open sharp

subhorizontal
2.44 1.83 -4.76 horizontal fracture
2.44 1.83 -4.83 N-S E 53 minor fracture
2.44 1.83 -4.88 N-S E 53 minor fracture
2.44 1.83 -4.91 N-S major open curving cooling joint
2.44 1.83 -5.09 N-S major open curving cooling joint
2.44 1.83 -5.14 horizontal fracture
2.44 1.83 -5.19 open joint
2.44 1.83 -5.37 open joint
2.44 1.83 -5.26 N-S W 90 major open vertical joint

E3
1.83 0.61 0.03 N-S W top subvertical (can't see base)

LBT1 1.83 0.61 -0.37 34 top large subhorizontal

LBn 1.83 0.61 -0.39 34 base large subhorizontal
1.83 0.61 -0.79 horizontal fracture

LBT17 1.83 0.61 -0.89 N-S W 79 major subvertical (halo)
LBT17 1.83 0.61 -1.09 N-S W 79 major subvertical (halo)

1.83 0.61 -1.09 NE-SW 69 minor fracture
1.83 0,61 -1.19 NE-SW 69 minor fracture
1.83 0.61 -1.24 horizontal fracture
1.83 0.61 -1.80 horizontal fracture
1.83 0.61 -2.77 horizontal fracture
1.83 0.61 -3.07 horizontal fracture
1.83 0.61 -3.68 horizontal fracture
1.83 0.61 -4.34 horizontal fracture
1.83 0.61 0.00 N-S W minor fracture
1.83 0.61 -4.42 N-S W minor fracture
1.83 0.61 -4.90 NE-SW NW 76 moderate fracture
1.83 0.61 -5.05 NE-SW NW 76 moderate fracture

•

•

C-6 December 200 I



•

•

Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

1.83 0.61 -5.28 horizontal fracture
E4

1.52 1.37 -0.18 horizontal fracture
LBT1 1.52 1.37 -0.38 34 top large subhorizontal
LBT1 1.52 1.37 -0.41 34 base large subhorizontal

1.52 1.37 -0.48 horizontal fracture
1.52 1.37 -0.89 horizontal fracture
1.52 1.37 -1.25 horizontal fracture
1.52 1.37 -1.42 N-S W 69 minor fracture
1.52 1.37 -1.53 N-S W 69 minor fracture
1.52 1.37 -1.58 N-S W top open major/moderate

subhorizontal
1.52 1.37 -1.65 N-S W base open major/moderate

subhorizontal
1.52 1.37 -2.29 E-W S 69 minor fracture
1.52 1.37 -2.39 E-W S 69 minor fracture
1.52 1.37 -2.42 horizontal fracture
1.52 1.37 -3.25 horizontal fracture
1.52 1.37 -3.46 horizontal fracture
1.52 1.37 -3.58 horizontal fracture
1.52 1.37 -3.63 horizontal fracture
1.52 1.37 -3.86 E-W S 63 minor fracture
1.52 1.37 -3.94 E-W S 63 minor fracture
1.52 1.37 -3.89 N-S W 63 minor fracture
1.52 1.37 -3.96 N-S W 63 minor fracture
1.52 1.37 -4.12 horizontal fracture
1.52 1.37 -5.13 horizontal fracture

E5
1.22 0.61 0.13 horizontal fracture

LBT1 1.22 0.61 -0.30 top large subhorizontal
LBT1 1.22 0.61 -0.34 base large subhorizontal
LBT16 1.22 0.61 -0.13 N-S W 34 moderate fracture
LBT16 1.22 0.61 -0.15 N-S W 34 moderate fracture

1.22 0.61 -0.20 E-W S 81 minor subvertical
1.22 0.61 -0.43 E-W S 81 minor subvertical
1.22 0.61 -0.74 horizontal fracture
1.22 0.61 -1.14 horizontal fracture
1.22 0.61 -1.55 horizontal fracture
1.22 0.61 -1.57 horizontal fracture

LBT2 1.22 0.61 -2.18 N-S E top open subvertical
LBT2 1.22 0.61 -2.23 N-S E base open subvertical

1.22 0.61 -3.43 E-W S 89 minor fracture
1.22 0.61 0.00 E-W S 89 minor fracture
1.22 0.61 -3.61 horizontal fracture
1.22 0.61 -4.09 open horizontal fracture
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Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

1.22 0.61 -4.72 horizontal fracture
1.22 0.61 -4.77 horizontal fracture
1.22 0.61 -4.88 E-W S minor fracture
1.22 0.61 -4.95 NE-SW SE 79 moderate fracture
1.22 0.61 -5.16 NE-SW SE 79 moderate fracture

E6
horizontal fracture

LBT1 1.22 1.22 -0.32 34 top large subhorizontal
LBT1 1.22 1.22 -0.34 34 base large subhorizontal
LBT16 1.22 1.22 -0.22 N-S W 63 moderate open subvertical
LBT16 1.22 1.22 -0.29 N-S W 63 moderate open subvertical

1.22 1.22 -1.16 horizontal fracture
1.22 1.22 -1.59 horizontal fracture
1.22 1.22 -2.63 34 minor subvertical
1.22 1.22 -2.65 34 minor subvertical

LBT2 1.22 1.22 -3.52 N-S E highly fractured zone
1.22 1.22 -4.05 N-S E probably more than one fracture

E7
1.22 1.83 0.00 horizontal fracture
1.22 1.83 -0.38 horizontal fracture

LBT1 1.22 1.83 -0.46 34 top large subhorizontal
LBT1 1.22 1.83 -0.48 34 base large subhorizontal
LBT16 1.22 1.83 -0.25 N-S W 73 moderate open fracture
LBT16 1.22 1.83 -0.38 N-S W 73 moderate open fracture

1.22 1.83 -0.86 N-S W 69 minor fracture
1.22 1.83 -0.89 69 horizontal fracture

.1.22 1.83 -0.96 N-S W minor fracture
1.22 1.83 -1.09 wandering partly open fracture
1.22 1.83 -1.55 wandering partly open fracture
1.22 1.83 -2.16 E-W S top minor fracture
1.22 1.83 -2.39 E-W S base minor fracture
1.22 1.83 -2.62 horizontal fracture
1.22 1.83 -3.17 horizontal fracture
1.22 1.83 -3.61 horizontal fracture
1.22 1.83 -3.71 horizontal fracture
1.22 1.83 -3.83 horizontal fracture

E8
1.22 2.44 -0.01 horizontal fracture

LBT1 1.22 2.44 -0.50 top large subhorizontal
LBT1 1.22 2.44 -0.55 base large subhorizontal
LBT16 1.22 2.44 -0.06 N-S W moderate/major open

subvertical
LBT16 1.22 2.44 -0.11 N-S W moderate/major open

subvertical
1.22 2.44 -0.27 34 open subhorizontal fracture

•
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1.22 2.44 -0.29 34 open subhorizontal fracture
1.22 2.44 -1.36 E-W S minor subvertical
1.22 2.44 -1.44 E-W S minor subvertical
1.22 2.44 -1.87 horizontal fracture

LBT 12 1.22 2.44 -2.40 E-W S top major open subvertical
LBT 12 1.22 2.44 -2.48 E-W S bottom major open subvertical

1.22 2.44 -2.73 E-W S bottom major open subvertical
1.22 2.44 -2.65 N-S W 83 top major open subvertical
1.22 2.44 -2.96 N-S W 83 bottom major open subvertical
1.22 2.44 -2.65 E-W N 77 top major open subvertical
1.22 2.44 -2.82 E-W N 77 bottom major open subvertical
1.22 2.44 -3.04 NE-SW SE major open fracture
1.22 2.44 -3.09 NE-SW SE major open fracture

LBT22 1.22 2.44 -3.11 NE-SW NW major open fracture
LBT22 1.22 2.44 -3.19 NE-SW NW major open fracture

1.22 2.44 -3.44 E-W S 79 minor fracture
1.22 2.44 -3.65 E-W S 79 minor fracture
1.22 2.44 -3.54 horizontal fracture
1.22 2.44 -3.65 horizontal fracture
1.22 2.44 -3.67 N-S W 84 top major open subvertical
1.22 2.44 -4.05 N-S W 84 bottom major open subvertical
1.22 2.44 -4.26 NE-SW SE 73 minor fracture
1.22 2.44 -4.38 NE-SW SE 73 minor fracture
1.22 2.44 -4.51 90 vertical open joint
1.22 2.44 -4.71 90 vertical open joint
1.22 2.44 -4.76 subhorizontal fracture
1.22 2.44 -4.94 horizontal fracture
1.22 2.44 -5.07 N-S W tight, minor fracture
1.22 2.44 -5.17 N-S W tight, minor fracture

E9
0.61 1.22 0.04 horizontal fracture

LBT1 0.61 1.22 -0.29 34 top large subhorizontal
LBT1 0.61 1.22 -0.32 34 base large subhorizontal

0.61 1.22 -0.32 N-S W 63 tight, minor fracture
0.61 1.22 -0.40 N-S W 63 tight, minor fracture
0.61 1.22 -0.73 horizontal fracture
0.61 1.22 -0.95 horizontal fracture
0.61 1.22 -0.95 SE-NW SW 63 tight, minor fracture
0.61 1.22 -1.03 SE-NW SW 63 tight, minor fracture
0.61 1.22 -1.13 horizontal fracture

LBT16 0.61 1.22 -1.13 N-S W open fracture
0.61 1.22 -1.26 E-W S 63 moderate fracture
0.61 1.22 -1.34 E-W S 63 moderate fracture
0.61 1.22 -1.44 N-S W 73 moderate fracture
0.61 1.22 -1.56 N-S W 73 moderate fracture
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LBT2 0.61 1.22 -1.67 SE-NW NE 76 major open fracture
LBT2 0.61 1.22 -1.82 SE-NW NE 76 major open fracture

0.61 1.22 -3.82 horizontal fracture
0.61 1.22 -4.26 horizontal fracture
0.61 1.22 -5.02 top subhorizontal
0.61 1.22 -5.20 base subhorizontal

E10
0.61 1.83 0.15 horizontal fracture

LBT1 0.61 1.83 -0.36 34 top large subhorizontal
LBT1 0.61 1.83 -0.38 34 base large subhorizontal

0.61 1.83 0.15 N-S W 81 major open fracture
0.61 1.83 -0.10 N-S W 81 major open fracture
0.61 1.83 -1.25 N-S W 63 major open fracture
0.61 1.83 -1.32 N-S W 63 major open fracture

LBT16 0.61 1.83 -1.27 N-S W 81 major open fracture
LBT16 0.61 1.83 -1.50 N-S W 81 major open fracture
LBT 12 0.61 1.83 -2.77 E-W S 78 major open fracture
LBT 12 0.61 1.83 -2.95 E-W S 78 major open fracture
LBT2 0.61 1.83 -3.07 SE-NW NE 79 major open fracture
LBT2 0.61 1.83 -3.28 SE-NW NE 79 major open fracture
LBT14 0.61 1.83 -3.23 open horizontal fracture

0.61 1.83 -3.71 horizontal fracture
0.61 1.83 -3.84 horizontal fracture
0.61 1.83 -5.11 SW-NE SE minor fracture

EH1
LBT21 2.84 0.30 -2.74 90 moderate vertical open fracture

2.64 0.30 -2.74 90 minor vertical closed fracture
2.51 0.30 -2.74 N60E SE 80 angled partly open fracture
2.44 0.30 -2.74 N60E SE 80 angled partly open fracture
2.54 0.30 -2.74 closed, healed subhorizontal

fracture
2.11 0.30 -2.74 closed, healed subhorizontal

fracture
1.98 0.30 -2.74 90 minor vertical fracture
1.60 0.30 -2.74 90 moderate vertical open fracture

LBT2 1.57 0.30 -2.74 N50W NE 80 major open angled fracture,
subvertical

LBT2 1.52 0.30 -2.74 N50W NE 80 major open angled fracture,
subvertical

1.50 0.30 -2.74 90 minor vertical fracture
1.45 0.30 -2.74 N30E 90 major open fracture, vertical
1.42 0.30 -2.74 N30E 90 major open fracture, vertical
0.74 0.30 -2.74 NE-SW minor subvertical closed

fracture
EH2

LBT21 2.79 0.91 -2.74 90 significant vertical fracture

•
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2.74 0.91 -2.74 90 significant vertical fracture,
open

1.89 0.91 -2.74 minor subvertical closed
fracture

1.57 0.91 -2.74 NE-SW subvertical open fracture
1.57 0.91 -2.74 N30W SW 70 moderate open fracture
1.55 0.91 -2.74 N30W SW 70 moderate open fracture
1.14 0.91 -2.74 NW-SE SW moderate partly open

subvertical fracture
0.74 0.91 -2.74 minor random irregular closed

fractures
0.30 0.91 -2.74 minor random irregular closed

fractures
EH3

2.79 1.52 -2.74 90 minor vertical closed fracture
2.67 1.52 -2.74 90 minor vertical closed fracture,

partly open
2.44 1.52 -2.74 90 minor vertical closed fracture
1.85 1.52 -2.74 90 minor vertical closed fracture
1.40 1.52 -2.74 90 minor vertical closed fracture
1.37 1.52 -2.74 N10E 90 major open vertical fracture
1.19 1.52 -2.74 90 minor partly open vertical

fracture
0.97 1.52 -2.74 90 minor partly open vertical

fracture
0.66 1.52 -2.74 N40W NE 70 angled vertical tight fracture
0.61 1.52 -2.74 N40W NE 70 angled vertical tight fracture

EH4 I

2.79 2.13 -2.74 90 minor vertical partly open
fracture

2.77 2.13 -2.74 90 minor vertical partly open
fracture

LBT6 2.64 2.13 -2.74 N10W 90 major open vertical fracture
2.57 2.13 -2.74 NW-SE 90 minor-moderate angled partly

open vertical fracture
2.54 2.13 -2.74 NW-SE 90 minor-moderate angled partly

open vertical fracture
2.57 2.13 -2.74 NE-SW minor subvertical fracture
2.51 2.13 -2.74 NE-SW minor subvertical fracture
2.06 2.13 -2.74 90 major open vertical fracture
2.03 2.13 -2.74 90 major open vertical fracture,

less significant then above
1.78 2.13 -2.74 N20E NW 90 major vertical open fracture
1.65 2.13 -2.74 90 minor vertical fracture
1.50 2.13 -2.74 90 minor fine fracture, vertical

barely open
1.45 2.13 -2.74 90 minor fine fracture, vertical

barely open
1.40 2.13 -2.74 90 minor fine fracture, vertical
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barely open
1.32 2.13 -2.74 90 open vertical fracture, more

significant then above
1.09 2.13 -2.74 N60E SE 50 major angled open fracture
1.04 2.13 -2.74 N60E SE 50 major angled open fracture
0.99 2.13 -2.74 N60E SE 45 major angled open fracture
0.91 2.13 -2.74 N60E SE 45 major angled open fracture

LBT23 0.81 2.13 -2.74 N20E NW 45 major angled open fracture
LBT23 0.76 2.13 -2.74 N20E NW 45 major angled open fracture

EH5
2.84 2.74 -2.74 90 major open vertical fracture
2.82 2.74 -2.74 N-S E 20 minor tight closed subhorizontal

healed fracture
2.69 2.74 -2.74 N-S E 20 minor tight closed subhorizontal

healed fracture
2.69 2.74 -2.74 90 minor vertical partly open

fracture
2.64 2.74 -2.74 N30E SE 80 moderate angled open fracture
2.62 2.74 -2.74 N30E SE 80 moderate angled open fracture
2.29 2.74 -2.74 N-S W minor tight subvertical fracture
2.26 2.74 -2.74 N-S W minor tight subvertical fracture

LBT6 2.13 2.74 -2.74 N20W 90 major open vertical fracture
zone

1.88 2.74 -2.74 N-S E 20 moderate subhorizontal
fracture, with assoc. other
minors

1.73 2.74 -2.74 N-S E 20 moderate subhorizontal
fracture, with assoc. other
minors

1.60 2.74 -2.74 90 minor vertical fracture
LBT23 1.49 2.74 -2.74 N30E 80 moderate open vertical fracture

1.22 2.74 -2.74 90 major open vertical sharp
fracture

0.99 2.74 -2.74 N-S E 20 moderate subhorizontal closed
fracture

0.89 2.74 -2.74 N-S E 20 moderate subhorizontal closed
fracture

0.91 2.74 -2.74 N80W 80 angled moderate partly open
fractures

0.71 2.74 -2.74 N80W 80 angled moderate partly open
fractures

0.61 2.74 -2.74 minor subvertical closed
fracture, healed

0.53 2.74 -2.74 minor subvertical closed
fracture

E03
LBT7 2.93 2.74 -3.96 90 vertical open fracture

2.54 2.74 -3.96 N-S E 30 moderate closed fracture
2.49 2.74 -3.96 N-S E 30 moderate closed fracture

•

•
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2.46 2.74 -3.96 N60W NW angled moderate fracture, open,
subvertical

2.44 2.74 -3.96 N60W NW angled moderate fracture, open,
subvertical

2.36 2.74 -3.96 E-W 90 moderate partly open fracture
2.31 2.74 -3.96 E-W 90 moderate partly open fracture
2.24 2.74 -3.96 90 minor vertical fracture
2.04 2.74 -3.96 N45E 90 angled minor closed fracture
1.98 2.74 -3.96 N45E 90 angled minor closed fracture

LBT6 1.78 2.74 -3.96 N70W NE 80 major angled fracture
LBT6 1.65 2.74 -3.96 N70W NE 80 major angled fracture

1.47 2.74 -3.96 N30E 90 major angled locally open
fracture

1.42 2.74 -3.96 N30E 90 major angled locally open
fracture

1.42 2.74 -3.96 2 open moderate subvertical
fractures

1.40 2.74 -3.96 2 open moderate subvertical
fractures

1.30 2.74 -3.96 90 major large open vertical
fractures

0.99 2.74 -3.96 minor subvertical tight fractures
0.97 2.74 -3.96 minor subvertical tight fractures
0.66 2.74 -3.96 -N-S E 10 major open subhorizontal

fracture, complex system
0.38 2.74 -3.96 -N-S E 10 major open subhorizontal

fracture, complex system
NH1

LBT22 2.13 2.72 -2.44 NE-SW NW 80 major open angled fracture
LBT22 2.13 2.06 -2.44 NE-SW NW 80 major open angled fracture

2.13 1.80 -2.44 E-W 90 minor tight vertical fracture
2.13 1.09 -2.44 E-W 90 moderate-major vertical partly

open fracture
2.13 0.66 -2.44 N30W SW 60 minor-moderate angled tight

fracture
2.13 0.28 -2.44 N30W SW 60 minor-moderate angled tight

fracture
NM1

2.74 2.64 -3.81 series of tight minor vertical to
subvertical fractures

2.74 2.49 -3.81 series of tight minor vertical to
subvertical fractures

LBT8 2.74 1.80 -3.81 N80E S 70 major subvertical fracture
LBT8 2.74 1.73 -3.81 N80E S 70 major subvertical fracture

2.74 1.73 -3.81 series of minor subvertical
fractures

2.74 1.63 -3.81 series of minor subvertical
fractures

LBT3 2.74 1.50 -3.81 90 minor-moderate partly open
vertical fracture
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2.74 1.09 -3.81 N45W SW 80 angled minor subvertical
fracture

2.74 0.99 -3.81 N45W SW 80 angled minor subvertical
fracture

NM2
0.91 3.02 -2.44 E-W minor-moderate tight fracture
0.91 2.72 -2.44 E-W minor-moderate tight fracture
0.91 2.29 -2.44 E-W 90 major open vertical fracture
0.91 1.93 -2.44 E-W tough to see, but looks like a

minor fracture
0.91 1.83 -2.44 minor tight subvertical fracture
0.91 1.73 -2.44 moderate open subvertical

fracture
LBT2 0.91 1.12 -2.44 N45W SW 70 major angled open fracture
LBT2 0.91 0.99 -2.44 N45W SW 70 major angled open fracture
LBT3 0.91 0.97 -2.44 E-W 90 moderate-major vertical open

fracture
0.91 0.61 -2.44 E-W minor tight fracture
0.91 0.28 -2.44 E-W minor tight fracture

NM3
LBT24 0.30 2.39 -0.91 NE-SW NW moderate angled tight fracture
LBT24 0.30 2.21 -0.91 NE-SW NW moderate angled tight fracture
LBT2 0.30 1.24 -0.91 NW-SE NE major open angled fracture

0.30 1.12 -0.91 NW-SE NE major open angled fracture
LBT3 0.30 1.07 -0.91 90 moderate open vertical fracture

0.30 0.48 -0.91 E-W 90 moderate-major vertical open
wet fracture

NN1
2.13 2.87 -0.91 NW-SE NE moderate-major angled partly

open fracture
2.13 2.79 -0.91 NW-SE NE moderate-major angled partly

open fracture
LBT8 2.13 2.24 -0.91 NW-SE 90 minor tight nearly vertical

fracture
2.13 2.18 -0.91 90 moderate vertical open wet

fracture
2.13 2.11 -0.91 90 minor vertical open wet fracture
2.13 1.83 -0.91 90 minor nearly vertical closed

fracture
2.13 1.30 -0.91 NW-SE SW moderate-major angled fracture

partly open
2.13 1.17 -0.91 NW-SE SW moderate-major angled fracture

partly open
2.13 1.02 -0.91 90 moderate open wet vertical

fracture
2.13 0.56 -0.91 90 vertical partly open fracture
2.13 0.33 -0.91 90 vertical open moderate-major

fracture
NN2

•
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LBT6 2.13 2.91 -1.98 major, healed vertical fracture
2.13 2.72 -1.98 minor tight vertical fracture
2.13 2.64 -1.98 N45E angled minor tight subvertical

fracture
2.13 2.62 -1.98 N45E angled minor tight subvertical

fracture
2.13 2.24 -1.98 N45E moderate tight angled

subvertical fracture
2.13 2.18 -1.98 N45E moderate tight angled

subvertical fracture
2.13 1.93 -1.98 E-W 90 minor/moderate tight fracture
2.13 1.35 -1.98 E-W 90 minor/moderate tight fracture
2.13 1.23 -1.98 N30W SW 70 minor-moderate partly open

angled fracture
2.13 1.04 -1.98 N30W SW 70 minor-moderate partly open

angled fracture
2.13 1.17 -1.98 W major-moderate fracture (leaves

same side of hole)
2.13 1.07 -1.98 W major-moderate fracture (leaves

same side of hole)
LBT3 2.13 1.09 -1.98 90 major vertical open fracture

2.13 0.71 -1.98 N45E SE 70 minor closed angled fracture
2.13 0.67 -1.98 N45E SE 70 minor closed angled fracture

NN3
2.13 2.91 -3.81 N45E 90 major open vertical fracture
2.13 2.39 -3.81 NE-SW 90 major angled vertical fracture
2.13 2.60 -3.81 NE-SW 90 major angled vertical fracture

? ? ? 90 major open vertical fracture
2.13 1.75 -3.81 NW-SE highly fractured zone
2.13 1.60 -3.81 NW-SE highly fractured zone
2.13 1.60 -3.81 E-W major partly open subhorizontal

fracture
2.13 1.30 -3.81 E-W Major partly open subhorizontal

fracture
LBT3 2.13 1.04 -3.81 E-W ' major subvertical open fracture

2.13 1.04 -3.81 E-W S 15 major continuous horizontal
fracture

2.13 0.74 -3.81 E-W S 15 major continuous horizontal
fracture

2.13 0.84 -3.81 E-W N 15 major open subhorizontal
fracture

2.13 0.51 -3.81 E-W N 15 major open subhorizontal
fracture

2.13 0.51 -3.81 wandering minor subhorizontal
fracture

2.13 0.28 -3.81 wandering minor subhorizontal
fracture

NN4
0.91 2.92 -0.91 NW-SE NE moderate-major angled fracture,

open
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0.91 2.84 -0.91 NE-SW NW moderate-major open angled
fracture

0.91 2.77 -0.91 NE-SW NW moderate-major open angled
fracture

0.91 2.77 -0.91 E-W 90 moderate open wet vertical
fracture

0.91 2.31 -0.91 NW-SE SW minor angled closed fracture
0.91 1.57 -0.91 NE-SW SE minor tight subvertical fracture
0.91 1.50 -0.91 -N-S W major open angled fracture,

trending along side of hole
0.91 1.09 -0.91 -N-S W major open angled fracture,

trending along side of hole
LBT3 0.91 1.07 -0.91 90 major open vertical wet fracture

0.91 0.89 -0.91 -N-S W moderate-major fracture barely
grazing side of hole

0.91 0.79 -0.91 -N-S W moderate-major fracture barely
grazing side of hole

0.91 0.71 -0.91 NW-SE SSW major angled open fracture
0.91 0.53 -0.91 NW-SE SSW major angled open fracture

LBT2 0.91 0.41 -0.91 NW-SE NE moderate-major open angled
fracture

NN5
0.91 2.64 -1.98 N45E SE 80 major open fracture, angled
0.91 2.54 -1.98 N45E SE 80 major open fracture, angled
0.91 2.54 -1.98 90 major vertical fracture trending

along strike of hole...
0.91 2.26 -1.98 90 major vertical fracture trending

along strike of hole...
0.91 2.24 -1.98 NW-SE NE moderate tight subvertical partly

open fracture
0.91 2.03 -1.98 NW-SE NE moderate tight subvertical partly

open fracture
0.91 2.03 -1.98 E-W 90 moderate vertical open fracture
0.91 1.68 -1.98 E-W minor tight subvertical fracture
0.91 1.04 -1.98 E-W 90 moderate-major open vertical

fracture
LBT2 0.91 0.94 -1.98 N45W NE 90 major open vertical fracture
LBT2 0.91 0.94 -1.98 N45W NE 90 major open vertical fracture

NN6
0.91 2.79 -3.81 N20E 90 angled tight fracture along the

wall surface
0.91 2.67 -3.81 90 minor vertical closed fracture
0.91 2.54 -3.81 90 minor vertical closed fracture
0.91 2.26 -3.81 90 major open vertical fracture
0.91 2.07 -3.81 N-S E 45 open fracture parallels the hole
0.91 1.96 -3.81 N-S E 45 open fracture parallels the hole

LBT2 0.91 1.63 -3.81 90 major vertical open fracture (is
grout exiting fracture)

0.91 1.57 -3.81 N45W major subvertical angled open

•
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fracture

0.91 1.24 -3.81 N30W NW 90 angled major fracture
0.91 1.04 '-3.81 N30W NW 90 angled major fracture
0.91 1.14 -3.81 E-W S 10 major subhorizontal open

fracture
0.91 0.81 -3.81 E-W S 10 major subhorizontal open

fracture
0.91 0.81 -3.81 E-W S 20 minor wandering subhorizontal

fracture
0.91 0.51 -3.81 E-W S 20 minor wandering subhorizontal

fracture
N01

2.13 2.64 -4.11 E-W S 90 moderate-major open to partly
open vertical fracture

2.13 2.59 -4.11 E-W 90 moderate-major open to partly
open vertical fracture

2.13 2.08 -4.11 N70E 90 angled major open fracture
2.13 2.04 -4.11 N70E 90 angled major open fracture
2.13 1.74 -4.11 E-W 90 series of significant open

fractures
2.13 1.60 -4.11 E-W 90 series of significant open

fractures
2.13 1.45 -4.11 N20W 90 angled large fracture
2.13 1.22 -4.11 N20W 90 angled large fracture

LBT3 2.13 1.07 -4.11 90 minor vertical fracture. looks
closed

2.13 0.89 -4.11 N20W 90 angled moderate-minor tight
closed fracture

2.13 0.79 -4.11 N20W 90 angled moderate-minor tight
closed fracture

2.13 0.61 -4.11 N30E NW angled minor tight closed
fracture

2.13 0.56 -4.11 N30E NW angled minor tight closed
fracture

2.13 0.53 -4.11 90 minor vertical partly open
fracture

2.13 0.41 -4.11 E-W S closed subvertical fracture

2.13 0.36 -4.11 E-W S closed subvertical fracture
N02

0.91 2.84 -4.11 N30E S-SE 30 complex series of subhorizontal
open fractures

0.91 2.50 -4.11 N30E S-SE 30 complex series of subhorizontal
open fractures

0.91 2.24 -4.11 N70E 90 significant open subvertical
fracture

0.91 1.73 -4.11 N60W SW 70 minor angled closed fracture
0.91 1.68 -4.11 N60W SW 70 minor angled closed fracture
0.91 1.55 -4.11 90 major open vertical fracture
0.91 1.40 -4.11 N30W SW 70 minor angled closed fracture
0.91 1.30 -4.11 N30W SW 70 minor angled closed fracture
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0.91 1.30 -4.11 90 minor vertical fracture
0.91 1.30 -4.11 N30W SW 80 angled moderate-minor partly

open fracture
0.91 1.17 -4.11 N30W SW 80 angled moderate-minor partly

open fracture
0.91 1.14 -4.11 N30E NW angled minor-moderate vertical

fracture
0.91 0.97 -4.11 N30E NW angled minor-moderate vertical

fracture
0.91 0.97 -4.11 90 moderate vertical partly open

fracture
0.91 0.64 -4.11 NE-SW 90 moderate vertical partly open

fracture
0.91 0.66 -4.11 90 major open angled vertical

fracture-wandering
0.91 0.43 -4.11 90 major open angled vertical

fracture-wandering
0.91 0.43 -4.11 N30E SE 80 angled fracture
0.91 0.30 -4.11 N30E SE 80 angled fracture

NT1
LBT22 2.74 2.97 -2.44 N30E NW 70 angled fracture
LBT22 2.74 2.84 -2.44 N30E NW 70 angled fracture

2.74 2.74 -2.44 90 moderate/major vertical open
fracture

2.74 2.26 -2.44 N70E NW 80 angled minor fracture
2.74 2.24 -2.44 N70E NW 80 angled minor fracture
2.74 2.13 -2.44 N70E NW 80 angled minor fracture
2.74 2.11 -2.44 N70E NW 80 angled minor fracture
2.74 2.13 -2.44 N60E NW 80 angled minor fracture
2.74 2.06 -2.44 N60E NW 80 angled minor fracture
2.74 2.11 -2.44 N30W NW 80 moderate-major open fracture
2.74 2.01 -2.44 N30W NW 80 moderate-major open fracture
2.74 1.91 -2.44 NE-SW NW minor tight angled fracture
2.74 1.88 -2.44 NE-SW NW minor tight angled fracture
2.74 1.80 -2.44 90 minor vertical tight fracture
2.74 1.50 -2.44 N15W SW 60 major angled open fracture
2.74 1.24 -2.44 N15W SW 60 major angled open fracture
2.74 1.24 -2.44 90 minor vertical partly open

fracture
2.74 1.09 -2.44 N45E SE 70 moderate partly open angled

fracture
2.74 1.03 -2.44 N45E SE 70 moderate partly open angled

fracture
LBT3 2.74 0.94 -2.44 90 moderate open vertical wet

fracture
NT2

0.91 2.41 -0.61 NW-SE minor tight subvertical fracture
0.91 2.31 -0.61 90 minor tight vertical fracture

•
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0.91 1.55 -0.61 NW-SW SSW moderate open fracture
0.91 1.32 -0.61 NW-SW SSW moderate open fracture
0.91 1.09 -0.61 E-W 90 minor vertical generally closed

fracture
0.91 1.07 -0.61 E-W 90 minor vertical generally closed

fracture
0.91 0.69 -0.61 90 minor vertical closed fracture

NT3
0.91 2.72 -3.20 90 tight, minor vertical fracture
0.91 2.79 -3.20 N30W NE 80 minor, subvertical fracture,

angled
0.91 2.72 -3.20 E-W W minor, subvertical fracture,

angled
0.91 2.41 -3.20 E-W 90 major, open ve~ical fracture
0.91 1.85 -3.20 N45E NW minor-moderate subvertical

fracture, partly open
0.91 1.73 -3.20 N45E NW minor-moderate subvertical

fracture, partly open
0.91 1.73 -3.20 E-W 90 major open vertical fracture
0.91 1.52 -3.20 E-W SEtS moderate-major open

subvertical fracture
0.91 1.35 -3.20 NW-SE SW 90 moderate-major open vertical

fracture
0.91 1.17 -3.20 minor subvertical closed

fracture
0.91 0.97 -3.20 E-W 90 moderate vertical fracture,

partly open
NT4

LBT24 0.30 2.46 -2.44 NE-SW NW 70 major-moderate angled sharp
open fracture

LBT24 0.30 2.41 -2.44 NE-SW NW 70 major-moderate angled sharp
open fracture

0.30 2.44 -2.44 NE-SW NW 70 major-moderate angled sharp
open fracture

0.30 2.39 -2.44 NE-SW NW 70 major-moderate angled sharp
open fracture

0.30 2.39 -2.44 NE-SW NW 70 major-moderate angled sharp
open fracture

0.30 2.34 -2.44 NE-SW NW 70 major-moderate angled sharp
open fracture

0.30 2.03 -2.44 NE-SW NW 80 moderate angled partly open
fracture

0.30 2.01 -2.44 NE-SW NW 80 moderate angled partly open
fracture

0.30 1.98 -2.44 N80E major open vertical-subvertical
fracture

0.30 1.85 -2.44 N20E NW 45 moderate-major discrete sharp
partly open/closed

0.30 1.68 -2.44 N20E NW 45 moderate-major discrete sharp
partly open/closed

LBT23 0.30 1.35 -2.44 NE-SW NW 45 major partly open fracture
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LBT23 0.30 0.89 -2.44 NE-SW NW 45 major partly open fracture
LBT3 0.30 1.02 -2.44 90 moderate open vertical fracture

0.30 0.86 -2.44 NW-SE SS 55 minor tighUhealed angled
fracture

0.30 0.71 -2.44 NW-SE S 55 minor tighUhealed angled
fracture

WH1
0.66 1.68 -1.22 90 major open vertical fracture
1.09 1.68 -1.22 SW-NE angled minor/moderate

subhorizontal party open
fracture

1.78 1.68 -1.22 90 minor vertical partly open
fracture

2.08 1.68 -1.22 -SW-NE E moderate subhorizontal closed
fracture

2.18 1.68 -1.22 -SW-NE E moderate subhorizontal closed
fracture

WH2
0.48 1.68 -2.29 90 minor tight vertical fracture
0.69 1.68 -2.29 NE-SW 90 minor tight vertical fracture
1.27 1.68 -2.29 90 minor tight vertical fracture
1.47 1.68 -2.29 N-S 90 major open wet vertical fracture
1.83 1.68 -2.29 90 minor tight vertical fracture
1.98 1.68 -2.29 90 minor tight vertical fracture
2.41 1.68 -2.29 NW-SE SW moderate tight fracture
2.77 1.68 -2.29 NW-SE SW moderate tight fracture
2.49 1.68 -2.29 90 minor tight vertical fracture

WM1
1.78 2.13 -3.96 E-NE major subhorizontal fracture,

partly open
2.13 2.13 -3.96 E-NE major subhorizontal fracture,

partly open
2.67 2.13 -3.96 90 moderate-major vertical open

fracture
2.44 2.13 -3.96 90 minor vertical closed fracture
2.34 2.13 -3.96 90 major vertical open fracture
1.55 2.13 -3.96 90 major open vertical fracture
1.50 2.13 -3.96 90 major open vertical fracture
1.55 2.13 -3.96 series of generally minor

vertical to subvertical tight
fractures

1.09 2.13 -3.96 series of generally minor
vertical to subvertical tight
fractures

0.81 2.13 -3.96 NE-SW SW moderate partly open
subvertical fracture

LBT2 0.53 2.13 -3.96 N-S 90 minor vertical fracture
0.15 2.13 -3.96 90 moderate-major vertical open

fracture

•

•
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WM1?
0.43 2.13 -3.96 minor tight subverticallvertical

fracture
0.66 2.13 -3.96 N-S 90 minor tight vertical fracture
1.09 2.13 -3.96 90 minor vertical tight fracture
1.35 2.13 -3.96 90 minor vertical tight fracture
1.77 2.13 -3.96 90 minor vertical tight fracture
2.06 2.13 -3.96 90 minor vertical tight fracture
2.34 2.13 -3.96 N45W SW 70 angled major open fracture
2.41 2.13 -3.96 N45W SW 70 angled major open fracture
2.46 2.13 -3.96 major open vertical/subvertical

fracture-rubbly
2.46 2.13 -3.96 major series of horizontal to

subhorizontal open fractures
2.77 2.13 -3.96 major series of horizontal to

subhorizontal open fractures
WM2

LBT2 0.66 0.91 -1.22 moderate subhorizontal
fracture-hard to see

0.97 0.91 -1.22 N20W NE 20 major subhorizontal closed to
open fracture

1.52 0.91 -1.22 N20W NE 20 major subhorizontal closed to
open fracture

1.80 0.91 -1.22 minor mostly closed vertical
fracture

2.08 0.91 -1.22 90 minor vertical closed fracture
2.41 0.91 -1.22 90 minor vertical closed fracture

WM3 cannot see the depths on tape
WN2

0.10 2.13 -1.68 N30E SE 70 angled minor closed/healed
subvertical fracture

0.13 2.13 -1.68 N30E SE 70 angled minor closed/healed
subvertical fracture

0.20 2.13 -1.68 90 minor vertical fracture
0.51 2.13 -1.68 -N-S W 80 major open fracture, with some

associated fractures
0.53 2.13 -1.68 -N-S W 80 major open fracture, with some

associated fractures
0.84 2.13 -1.68 N45W SW 40 major angled open to partly

open fracture
0.66 2.13 -1.68 N45W SW 40 major angled open to partly

open fracture
1.04 2.13 -1.68 90 minor vertical closed fracture
1.24 2.13 -1.68 90 minor vertical closed fracture
1.27 2.13 -1.68 N-S W 20 major/moderate angled long

fracture, healed
1.55 2.13 -1.68 N-S W 20 major/moderate angled long

fracture, healed
1.47 2.13 -1.68 90 major open vertical fracture
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1.65 2.13 -1.68 90 moderate vertical partly open
fracture (displaced by a fault)

1.80 2.13 -1.68 N80W SW 70 major long angled fracture/fault
1.55 2.13 -1.68 N80W SW 70 major long angled fracture/fault
1.75 2.13 -1.68 90 minor vertical fracture

(displaced by fault)
2.03 2.13 -1.68 90 minor vertical closed fracture
2.29 2.13 -1.68 90 moderate vertical sharp open

fracture
2.62 2.13 -1.68 minor subvertical closed

fracture
WN3

LBT2 0.88 1.68 -3.96 90 major vertical open wet fracture
1.00 1.68 -3.96 90 Sharp open wet vertical

moderate fracture
1.21 1.68 -3.96 90 major open wet vertical fracture
1.35 1.68 -3.96 90 major open wet vertical fracture
2.77 1.68 -3.96 90 vertical fractur~aping hole
1.30 1.68 -3.96 N70E SE 80 top sharp open fracture
1.50 1.68 -3.96 N70E SE 80 base sharp open fracture
1.50 1.68 -3.96 N60W W 45 top moderate partially open

fracture (shallow)
1.63 1.68 -3.96 N60W W 45 base moderate partially open

fracture (shallow)
1.55 1.68 -3.96 W subvertical partially open

fracture
1.88 1.68 -3.96 subvertical moderate wet open

fracture
1.96 1.68 -3.96 N70W SW 80 top major partly open angled

fracture
2.34 1.68 -3.96 N70W SW 80 base major partly open angled. fracture
2.11 1.68 -3.96 major subvertical open wet

fracture
2.34 1.68 -3.96 major subvertical open wet

fracture
2.55 1.68 -3.96 N45W SW 70 top tight closed fracture
2.59 1.68 -3.96 N45W SW 70 base tight closed fracture
2.67 1.68 -3.96 top subvertical wet open

fracture
2.69 1.68 -3.96 base subvertical wet open

fracture
WN4

0.56 0.91 -1.68 90 minor sharp vertical fracture,
thin maybe partly open

0.76 0.91 -1.68 NW-SE NE major partly open fracture
LBT2 0.80 0.91 -1.68 NW-SE NE major partly open fracture

1.50 0.91 -1.68 N-S S 45 major partly open angled
fracture

1.57 0.91 -1.68 N-S S 45 major partly open angled

•
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fracture

1.70 0.91 -1.68 90 moderate vertical open fracture

1.75 0.91 -1.68 N-S 90 minor vertical fracture
1.78 0.91 -1.68 N-S 90 minor vertical fracture
2.01 0.91 -1.68 90 vertical mostly closed fracture
2.03 0.91 -1.68 90 minor tight vertical fracture
2.31 0.91 -1.68 90 moderate sharp, vertical open

fracture, wet
W05

0.09 0.91 -3.96 90 vertical moderate wet open
fracture

0.10 0.91 -3.96 N-S W top shallow tight fracture
0.14 0.91 -3.96 NOSE NW 20 base major open angled wet

fracture
0.25 0.91 -3.96 NOSE NW 20 top major open angled wet

fracture
0.42 0.91 -3.96 NW-SE generally minor subvertical tight

fracture
0.55 0.91 -3.96 NE-SW NW base angled tight fracture (top

not seen)
0.58 0.91 -3.96 N30W NE 80 moderate wet open fracture
0.61 0.91 -3.96 N30W NE 80 moderate wet open fracture
0.61 0.91 -3.96 N-S subvertical tight minor fracture
0.64 0.91 -3.96 -E-W 90 base major open angled

fracture wet alteration halo
1.17 0.91 -3.96 -E-W top major wandering subvertical

fracture
0.72 0.91 -3.96 partly open wet minor

subvertical fracture on north
side of hole

0.79 0.91 -3.96 major open wet subvertical
fracture

0.93 0.91 -3.96 N-S major open wet subvertical
fracture

0.99 0.91 -3.96 minor wet partly open fracture
subvertical on north side of hole

1.08 0.91 -3.96 N-S moderate partly open wet
subvertical fracture

1.46 0.91 -3.96 90 fracture zone wet open some
vertical and angled

1.32 0.91 -3.96 90 fracture zone wet open some
vertical and angled

1.60 0.91 -3.96 subvertical major open fracture
along the north wall

1.52 0.91 -3.96 subvertical major open fracture
along the north wall

1.63 0.91 -3.96 small patch of same subvertical
major open fracture along the
north wall

1.73 0.91 -3.96 N-S tight subvertical fracture mainly
on the north side of hole
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1.84 0.91 -3.96 N45W SW 45 tight minor angled fracture
1.91 0.91 -3.96 N45W SW 45 tight minor angled fracture
1.88 0.91 -3.96 N-S subvertical partly open wet

fracture
2.25 0.91 -3.96 N-S major open wet subvertical

fracture
2.32 0.91 -3.96 N-S major open wet subvertical

fracture
2.53 0.91 -3.96 N-S subvertical tight fracture

WT1
0.79 1.68 -0.76 N20E SE 80 major open subvertical fracture
1.14 1.68 -0.76 90 minor tight vertical fracture
1.85 1.68 -0.76 90 moderate open wet vertical

r fracture
1.88 1.68 -0.76 minor tight subvertical fracture
2.08 1.68 -0.76 moderate sharp subvertical

open wet fracture
WT2

LBT2 0.23 1.68 -1.68 -N-S E 80 subvertical angled moderate,
partly open fracture

LBT2 0.25 1.68 -1.68 -N-S E 80 subvertical angled moderate,
partly open fracture

0.51 1.68 -1.68 90 vertical, moderate-major
fracture

1.04 1.68 -1.68 N60E SE 80 sharp angled minor-moderate,
open fracture

1.09 1.68 -1.68 N60E SE 80 sharp angled minor-moderate,
open fracture

1.57 1.68 -1.68 N-S W moderate subvertical open
fracture

1.60 1.68 -1.68 N-S W 90 moderate vertical open fracture,
but less open

1.70 1.68 -1.68 N20W E 80 minor subvertical fracture
1.85 1.68 -1.68 90 minor tight vertical fracture

WT3
0.11 1.68 -3.05 90 top zone vertical fractures
0.20 1.68 -3.05 90 base zone vertical fractures

LBT2 0.66 1.68 -3.05 N20W 90 open, wet vertical fracture
0.81 1.68 -3.05 N20W E top tight subhorizontal
0.85 1.68 -3.05 N20W E base tight subhorizontal
0.94 1.68 -3.05 N20W W 90 top partly open, vertical fracture
0.99 1.68 -3.05 N20W W 90 base partly open, vertical

fracture
1.12 1.68 -3.05 N50W S 45 moderate
1.27 1.68 -3.05 N50W S 45 moderate
1.30 1.68 -3.05 N70E N 80 top fracture (cannot see base)
1.33 1.68 -3.05 N-S 90 vertical, wet, open fracture

LBT13 1.65 1.68 -3.05 N30W W top subvertical fracture

'•.
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LBT13 1.68 1.68 -3.05 N30W W base subvertical fracture
1.65 1.68 -3.05 N-S E top open, wet, subhorizontal
1.79 1.68 -3.05 N-S E base open, wet, subhorizontal
2.25 1.68 -3.05 N10W 90 fracture
2.25 1.68 -3.05 N60W S 70 top open, wet fracture
2.36 1.68 -3.05 N60W S 70 base open, wet fracture
2.46 1.68 -3.05 N-S 90 vertical fracture
2.51 1.68 -3.05 N-S 90 tight, vertical fracture
2.59 1.68 -3.05 N10W S 80 top tight fracture
2.51 1.68 -3.05 N10W S 80 base tight fracture
2.74 1.68 -3.05 90 open vertical, wet fracture

UE25FRPTC#1
LBT8 1.22 2.73 -2.29 subvert top major open/closed

fracture
LBT8 1.22 2.60 -2.29 subvert base major open/closed fracture

1.22 2.57 -2.29 90 minor closed fracture
1.22 1.85 -2.29 major open void/clean fracture
1.22 1.72 -2.29 hole intersection fracture
1.22 1.26 -2.29 subhor top moderate-major closed

fracture
1.22 1.06 -2.29 subhor base moderate-major closed

fracture
LBT3 1.22 1.06 -2.29 90 moderate-major open/closed

fracture
LBT33 1.22 0.93 -2.29 subhor top minor-moderate closed

fracture
LBT33 1.22 0.46 -2.29 subhor base minor-moderate closed

fracture
LBT2 1.22 0.67 -2.29 90 top moderate closed fracture
LBT2 1.22 0.54 -2.29 90 base moderate closed fracture

1.22 0.21 -2.29 90 top minor-moderate closed
fracture

1.22 0.08 -2.29 90 base minor-moderate closed
fracture

UE25FRPTC#2
1.22 3.03 -2.01 top major open fracture
1.22 2.91 -1.99 base major open fracture
1.22 2.78 -1.97 subhor top minor closed fracture
1.22 2.60 -1.94 subhor base minor closed fracture
1.22 2.48 -1.92 pre-test borehole
1.22 1.95 -1.82 90 minor-moderate closed fracture
1.22 1.79 -1.80 pre-test borehole
1.22 1.24 -1.70 pre-test borehole
1.22 1.04 -1.66 90 moderate open fracture
1.22 0.86 -1.63 subhor top major open fracture
1.22 0.56 -1.58 subhor base major open fracture
1.22 0.71 -1.60 -45 top moderate closed fracture
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1.22 0.45 -1.56 -45 base moderate closed fracture
1.22 0.58 -1.58 pre-test borehole

LBT2 1.22 0.43 -1.56 -45 top moderate-major
closed/open fracture

LBT2 1.22 0.23 -1.52 -45 base moderate-major
closed/open fracture

UE25FRPTC#3
1.22 2.99 -2.56 top moderate-major

open/closed fracture
1.22 2.64 -2.63 base moderate-major

open/closed fracture
1.22 2.49 -2.65 minor-moderate closed fracture
1.22 2.47 -2.66 subvert top moderate open/closed

fracture
1.22 2.37 -2.67 subvert base moderate open/closed

fracture
1.22 2.29 -2.69 post-test borehole
1.22 2.04 -2.73 post-test borehole
1.22 1.92 -2.75 post-test borehole
1.22 1.85 -2.77 post-test borehole
1.22 2.02 -2.74 subvert top minor closed fracture
1.22 1.87 -2.76 subvert base minor closed fracture
1.22 1.97 -2.74 subhor top major open fracture
1.22 1.82 -2.77 subhor base major open fracture
1.22 1.85 -2.77 possible major open subvertical

fracture
1.22 1.75 -2.78 90 minor closed fracture

LBT23 1.22 1.75 -2.78 top minor open/closed fracture
LBT23 1.22 1.55 -2.82 base minor open/closed fracture

1.22 1.57 -2.82 horizontal borehole intersection
1.22 1.25 -2.87 vertical borehole intersection
1.22 1.50 -2.83 subvert top minor closed fracture
1.22 1.20 -2.88 subvert base minor closed fracture
1.22 1.27 -2.87 subvert top minor closed fracture
1.22 1.12 -2.89 subvert base minor closed fracture

LBT3 1.22 1.07 -2.90 90 moderate open/closed fracture
1.22 1.00 -2.92 subvert top minor fracture

LBT2 1.22 0.92 -2.93 subvert top moderate open fracture
LBT2 1.22 0.80 -2.95 subvert base moderate open fracture

1.22 0.62 -2.98 vertical borehole intersection
1.22 0.10 -3.07 subvert top major open/closed fracture
1.22 0.00 -3.09 subvert base major open/closed fracture

UE25FRPTC#4
1.22 2.44 -1.51 pre-test borehole
1.22 2.04 -1.37 -90 moderate open/closed fracture
1.22 1.74 -1.25 post-test borehole
1.22 1.64 -1.22 post-test borehole

•
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1.22 1.24 -1.08 minor-moderate fracture
LBT3 1.22 0.94 -0.96 subhor top major open fracture
LBT3 1.22 1.13 -1.03 subhor base major open fracture

1.22 0.59 -0.84 pre-test borehole
1.22 0.47 -0.79 Angled top major open fracture
1.22 0.26 -0.72 Angled base major open fracture

UE25FRPTC#5
1.22 2.96 -2.87 -90 major open fracture
1.22 2.60 -3.00 -90 major open fracture

LBT8 1.22 2.60 -3.00 90 moderate open/closed fracture
1.22 2.55 -3.02 pre-test borehole
1.22 2.55 -3.02 top moderate open fracture
1.22 2.34 -3.10 base moderate open fracture

LBT8 1.22 2.58 -3.01 top moderate open/closed
fracture

LBT8 1.22 2.24 -3.13 base moderate open/closed
fracture

LBT12 1.22 2.10 -3.19 top minor-moderate closed
fracture

LBT12 1.22 2.02 -3.21 base minor-moderate closed
fracture

1.22 1.97 -3.23 post-test borehole
1.22 1.90 -3.26 post-test borehole
1.22 1.83 -3.28 -90 top minor-moderate

open/closed fracture
1.22 1.78 -3.30 -90 base minor-moderate

open/closed fracture
1.22 1.73 -3.32 -90 top minor-moderate

open/closed fracture
1.22 1.71 -3.33 -90 base minor-moderate

open/closed fracture
1.22 1.69 -3.34 top moderate open fracture
1.22 1.47 -3.42 base moderate open fracture
1.22 1.61 -3.36 -80 top major open fracture
1.22 1.18 -3.52 -80 base major open fracture
1.22 1.30 -3.48 pre-test borehole

LBT2 1.22 1.18 -3.52 top moderate-major open
fracture

LBT2 1.22 1.11 -3.55 base moderate-major open
fracture

1.22 1.04 -3.57 -90 moderate open/closed fracture
1.22 0.65 -3.71 pre-test borehole
1.22 0.63 -3.72 subhor top major open/closed fracture
1.22 0.29 -3.84 subhor base major open/closed fracture

LBT15 1.22 0.48 -3.77 top minor closed fracture
LBT15 1.22 0.36 -3.82 base minor closed fracture

1.22 0.05 -3.93 possible breakout or fracture
UE25FRPTC#6
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1.22 3.04 -1.40 subvert top minor/tight closed fracture
1.22 2.67 -1.19 subvert base minor/tight closed fracture
1.22 2.44 -1.05 pre-test borehole
1.22 1.88 -0.73 pre-test borehole
1.22 1.64 -0.59 top major open fracture
1.22 1.30 -0.40 base major open fracture
1.22 1.25 -0.37 pre-test borehole
1.22 1.21 -0.35 subvert top minor-moderate

open/closed fracture
1.22 1.17 -0.32 subvert base minor-moderate

open/closed fracture
LBT3 1.22 1.15 -0.31 subvert top minor-moderate fracture

1.22 1.10 -0.29 subvert base minor-moderate fracture
1.22 1.08 -0.27 -90 minor closed fracture
1.22 0.87 -0.15 -90 minor closed fracture

UE25FRPTC#7 very dirty hole with mudcake on the walls
1.22 2.75 -4.05 pre-test borehole
1.22 2.55 -4.24 pre-test borehole

LBT8 1.22 2.18 -4.59 top minor closed fracture
LBT8 1.22 2.09 -4.68 base minor closed fracture

1.22 1.91 -4.86 pre-test borehole
1.22 1.89 -4.87 top minor closed fracture
1.22 1.82 -4.94 base minor closed fracture
1.22 1.78 -4.98 top minor closed fracture
1.22 1.71 -5.05 base minor closed fracture
1.22 1.44 -5.31 subhor top moderate closed fracture
1.22 1.31 -5.44 subhor base moderate closed fracture
1.22 1.00 -5.74 top minor closed fracture
1.22 0.96 -5.77 base minor closed fracture
1.22 0.91 -5.82 subvert top minor closed fracture
1.22 0.69 -6.03 subvert base minor closed fracture
1.22 0.71 -6.02 subvert major open fracture
1.22 0.44 -6.28 subvert major open fracture

UE25FRPTC#8
1.22 2.57 -0.61 -45 top major closed fracture
1.22 2.41 -0.48 -45 base major closed fracture

LBT1 1.22 2.45 -0.51 -45 top major open/closed fracture
LBT1 1.22 2.35 -0.43 -45 base major open/closed fracture

1.22 2.37 -0.44 pre-test borehole
1.22 2.37 -0.44 90 minor-moderate fracture
1.22 2.22 -0.31 top minor closed fracture
1.22 2.08 -0.20 base minor closed fracture
1.22 2.24 -0.33 -80 top minor-moderate closed

fracture
1.22 1.98 -0.11 -80 base minor-moderate closed

fracture

r.
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UE25FRPTC#9 locally muddy hole(covering tape)
1.75 2.70 -2.29 90 moderate open/closed Discrete

fracture
1.82 2.48 -2.29 post-test borehole

LBT8 1.85 2.36 -2.29 -45 top minor closed fracture
LBT8 1.87 2.29 -2.29 -45 base minor closed fracture

1.87 2.29 -2.29 top minor closed fracture
1.91 2.16 -2.29 base minor closed fracture
1.99 1.89 -2.29 -90 minor closed fracture
2.02 1.77 -2.29 post-test borehole
2.07 1.60 -2.29 pre-test borehole
2.53 0.00 -2.29 -80 top minor closed fracture
2.16 1.28 -2.29 -80 base minor closed fracture
2.21 1.13 -2.29 >85 major open fracture
2.33 0.69 -2.29 -80 top minor closed fracture
2.36 0.59 -2.29 -80 base minor closed fracture

UE25FRPTC#10 difficult hole to log
0.88 1.83 -0.41 -90 top major open fracture
0.98 1.83 -0.33 -90 base major open fracture
1.15 1.83 -0.20 pre-test borehole

UE25FRPTC#11 pre-test borehole
0.24 1.83 -1.14 -45 top major open/closed fracture
0.33 1.83 -1.08 -45 base major open/closed fracture
1.05 1.83 -0.62 -45 top minor-moderate closed

fracture
1.14 1.83 -0.55 -45 base minor-moderate closed

fracture
1.55 1.83 -0.29 pre-test borehole

UE25FRPTC#12
0.10 1.83 -1.46 subvert top major closed fracture
0.14 1.83 -1.44 subvert base major closed fracture
0.24 1.83 -1.39 -90 minor closed fracture
0.38 1.83 -1.32 pre-test borehole
0.43 1.83 -1.29 top moderate-major open

fracture
0.59 1.83 -1.21 base moderate-major open

fracture
1.06 1.83 -0.97 pre-test borehole
0.87 1.83 -1.07 top minor closed fracture
1.25 1.83 -0.87 base minor closed fracture
1.32 1.83 -0.84 post-test borehole
1.41 1.83 -0.79 post-test borehole

LBT1 1.77 1.83 -0.61 subhor top major open! fracture
LBT1 1.91 1.83 -0.54 subhor base major open! fracture

1.98 1.83 -0.50 pre-test borehole
2.28 1.83 -0.35 subhor top moderate closed fracture
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2.40 1.83 -0.29 subhor base moderate closed fracture
2.45 1.83 -0.26 top moderate closed fracture
2.61 1.83 -0.18 base moderate closed fracture
2.59 1.83 -0.19 pre-test borehole

UE25FRPTC#13
-0.05 1.83 -1.75 subvert top minor-moderate

open/closed fracture
0.03 1.83 -1.72 subvert base minor-moderate

open/closed fracture
0.45 1.83 -1.57 minor-moderate fracture
1.03 1.83 -1.35 post-test borehole
1.08 1.83 -1.34 pre-test borehole
1.72 1.83 -1.10 pre-test borehole
2.36 1.83 -0.87 pre-test borehole
2.53 1.83 -0.81 subhor top major open/closed fracture
2.39 1.83 -0.86 subhor base major open/closed fracture

UE25FRPTC#14
LBT2 0.14 1.83 -1.87 -90 top major open fracture
LBT2 0.21 1.83 -1.85 -90 base major open fracture

1.22 1.83 -1.60 pre-test borehole
LBT12 1.57 1.83 -1.51 -45 top major open fracture
LBT12 1.69 1.83 -1.48 -45 base major open fracture

1.77 1.83 -1.47 pre-test borehole
LBT13 1.84 1.83 -1.45 -45 top minor closed fracture
LBT13 1.99 1.83 -1.41 -45 base minor closed fracture

2.43 1.83 -1.30 pre-test borehole
2.51 1.83 -1.28 -45 top minor-moderate

open/closed fracture
2.63 1.83 -1.25 -45 base minor-moderate

open/closed fracture
2.60 1.83 -1.26 -45 top minor-moderate

open/closed fracture
2.73 1.83 -1.23 -45 base minor-moderate

open/closed fracture
2.73 1.83 -1.23 -60 top minor-moderate

open/closed fracture
2.80 1.83 -1.21 -60 base minor-moderate

open/closed fracture
UE25FRPTC#15

LBT20 0.16 1.83 -2.26 top major open fracture
LBT20 0.51 1.83 -2.25 base major open fracture

0.35 1.83 -2.25 90 top moderate closed fracture
0.93 1.83 -2.24 -80 base moderate closed fracture
1.12 1.83 -2.24
1.06 1.83 -2.24 subvert top moderate-major closed

fracture ,
1.57 1.83 -2.23 subvert base moderate-major closed

fracture
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1.78 1.83 -2.23 post-test borehole
1.91 1.83 -2.23 post-test borehole
1.96 1.83 -2.23 subvert top moderate closed fracture
2.41 1.83 -2.22 subvert base moderate closed fracture
2.41 1.83 -2.22 pre-test borehole

UE25FRPTC#16
0.24 1.83 -2.60 minor closed fracture

LBT2 0.37 1.83 -2.62 subvert top moderate open/closed
fracture

LBT2 0.45 1.83 -2.63 subvert base moderate open/closed
fracture

0.52 1.83 -2.65 pre-test borehole
0.57 1.83 -2.66 subvert top moderate closed fracture
0.93 1.83 -2.72 subvert base moderate closed fracture
1.15 1.83 -2.76 post-test borehole
1.28 1.83 ,-2.78 -90 minor-moderate closed fracture
1.58 1.83 -2.83 subvert top moderate open/closed

fracture
1.63 1.83 -2.84 subvert base moderate open/closed

fracture
1.73 1.83 -2.86 post-test borehole
2.01 1.83 -2.91 -90 major open/closed fracture
2.39 1.83 -2.98 pre-test borehole
2.19 1.83 -2.94 90 minor closed fracture

LBT8 2.74 1.83 -3.04 90 minor-moderate open/closed
fracture

UE25FRPTC#17
0.06 1.83 -2.86 moderate-major open fracture
0.39 1.83 -2.98 subvert major open fracture
0.18 1.83 -2.90 -90 top major open! fracture
0.63 1.83 -3.07 -90 base major open! fracture
0.39 1.83 -2.98 subvert top moderate-major open

fracture
0.46 1.83 -3.01 subvert base moderate-major open

fracture
0.80 1.83 -3.13 subvert top moderate-major open

fracture
0.94 1.83 -3.18 subvert base moderate-major open

fracture
1.13 1.83 -3.25 post-test borehole
1.28 1.83 -3.31 subvert moderate-major fracture

LBT13 1.47 1.83 -3.38 subvert major! open/closed fracture
LBT13 1.56 1.83 -3.41 subvert major! open/closed fracture

1.68 1.83 -3.45 post-test borehole
1.68 1.83 -3.45 subvert minor-moderate closed fracture
2.02 1.83 -3.58 subvert minor-moderate closed fracture
1.85 1.83 -3.51 subvert minor closed fracture

C-31 December 2001



•

Surface Model Model Model Strike Dip TRUE
Hole feature east north depth direct direct dip Comments

1.90 1.83 -3.53 subvert minor closed fracture
2.09 1.83 -3.60 subvert moderate closed fracture
2.83 1.83 -3.87 subvert moderate closed fracture
2.02 1.83 -3.58 pre-test borehole
2.43 1.83 -3.72 subvert moderate closed fracture
2.93 1.83 -3.91 subvert moderate closed fracture
2.71 1.83 -3.83 pre-test borehole

UE25FRPTC#18
0.45 1.83 -3.67 -subver minor fracture
0.75 1.83 -3.87 subhor top moderate open/closed

fracture
0.93 1.83 -4.01 subhor base moderate open/closed

fracture
0.85 1.83 -3.95 top minor closed fracture
0.98 1.83 -4.04 base minor closed fracture
0.89 1.83 -3.98 subhor top minor closed fracture
1.00 1.83 -4.05 subhor base minor closed fracture
1.37 1.83 -4.31 subvert top moderate closed fracture
1.48 1.83 -4.39 subvert base moderate closed fracture
1.52 1.83 -4.42 subvert top moderate open fracture
1.56 1.83 -4.45 subvert base moderate open fracture
1.62 1.83 -4.49 subvert top minor open/closed fracture
1.65 1.83 -4.51 subvert base minor open/closed fracture
1.73 1.83 -4.56 subvert top minor open/closed fracture
1.81 1.83 -4.62 subvert base minor open/closed fracture
2.00 1.83 -4.75 post-test borehole
2.59 1.83 -5.16 pre-test borehole

UE25FRPTC#19
0.27 1.83 -2.16 subvert top moderate-major fracture
0.38 1.83 -2.15 subvert base moderate-major fracture
0.45 1.83 -2.15 subvert top minor fracture
0.50 1.83 -2.14 subvert base minor fracture
1.06 1.83 -2.11 subvert top minor fracture
1.16 1.83 -2.10 subvert base minor fracture
1.46 1.83 -2.08 90 major fracture
1.74 1.83 -2.06 pre-test borehole
2.12 1.83 -2.03 pre-test borehole
2.69 1.83 -1.99 -90 top major fracture
2.80 1.83 -1.98 -90 base major fracture

UE25FRPTC#19a
0.46 1.26 -2.15 pre-test borehole
0.54 1.24 -2.14 -90 top major open fracture
0.64 1.21 -2.13 -90 base major open fracture
0.85 1.15 -2.12 pre-test borehole

LBT3 1.00 1.10 -2.11 -90 top major open fracture
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LBT3 1.23 1.04 -2.09 -90 base major open fracture
1.62 0.93 -2.07 -90 moderate-major open/dosed

fracture
2.01 0.82 -2.04 subhor top moderate fracture
2.17 0.77 -2.03 subhor base moderate fracture
2.12 0.79 -2.03 pre-test borehole
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