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ABSTRACT

Subsurface geological investigations have been conducted at two large playa lakes at the Tonopah
Test Range in central Nevada. These characterization activities were intended to provide basic strati-
graphic-framework information regarding the lateral distribution of “hard” and “soft” sedimentary materi-
als for use in defining suitable target regions for penetration testing. Both downhole geophysical
measurements and macroscopic lithologic descriptions were used as a surrogate for quantitative mechani-
cal-strength properties, although some quantitative laboratory strength measurements were obtained as
well.

Both rotary (71) and core (19) holes on a systematic grid were drilled in the southern half of the
Main Lake; drill hole spacings are 300 ft north-south and 500-ft east-west. The drilled region overlaps a
previous cone-penetrometer survey that also addressed the distribution of hard and soft material. Holes
were drilled to a depth of 40 ft and logged using both geologic examination and down-hole geophysical
surveying. The data identify a large complex of very coarse-grained sediment (clasts up to 8 mm) with
interbedded finer-grained sands, silts and clays, underlying a fairly uniform layer of silty clay 6 to 12 ft
thick. Geophysical densities of the coarse-grained materials exceed 2.0 g/cm3, and this petrophysical value
appears to be a valid discriminator of hard vs. soft sediments in the subsurface.

Thirty-four holes, including both core and rotary drilling, were drilled on a portion of the much
larger Antelope Lake. A set of pre-drilling geophysical surveys, including time-domain electromagnetic
methods, galvanic resistivity soundings, and terrain-conductivity surveying, was used to identify the gross
distribution of conductive and resistive facies with respect to the present lake outline. Conductive areas
were postulated to represent softer, clay-rich sediments with larger amounts of contained conductive
ground water. Initial drilling, consisting of cored drill holes to 100-ft (33-m) depth, confirmed both the spe-
cific surface geophysical measurements and the more general geophysical model of the subsurface lake
facies. Good agreement of conductive regions with drill holes containing little to no coarse-grained sedi-
ments was observed, and vice-versa. A second phase of grid drilling on approximately 300-ft (100-m) cen-
ters was targeted at delineating a region of sufficient size containing essentially no coarse-grained “hard”
material. Such a region was identified in the southwestern portion of Antelope Lake.
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INTRODUCTION

A group of playas, or dry lake beds, at
Tonopah Test Range (TTR) in Nye County,
central Nevada, have been used for several
decades as targets and impact locations for a
wide variety of developmental and testing pro-
grams for air-delivered weapon systems. In
more recent years, increased emphasis on pen-
etrating weapons has led to the utilization of
the subsurface geology of these lakes, in addi-
tion to simply the open real estate and airspace
of this remote region. However, use of the sub-
surface part of these playas has placed these
penetrator testing programs at the mercy of
internal heterogeneity of the sediments
beneath the flat and relatively featureless topo-
graphic surfaces.

That the internal geology of these lakes is
not featureless was demonstrated when a flight
test of a penetrator assembly encountered earth
materials that produced anomalous results in
the on-board instrumentation. The program of
geologic characterization described in this
report was undertaken with the initial objective
of determining the cause of this unexpected
response. After the degree of heterogeneity
became apparent from early investigations, the
objectives of the study were expanded to
include the description and understanding of
the geometry of the various layered units
encountered and to include the delineation of
target area(s) that could be used for testing
with some assurance that the subsurface mate-
rials would meet specifications.

This report is intended to serve as an
archive of relevant descriptive information.
Much raw data is included in essentially unre-
duced form, particularly in the appendices and
on the CD-R that is included in the back
pocket. Additionally, we interpret some of
these data with respect to their implications for
understanding the geology of these playa
lakes, using commonly accepted geologic
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principles and the integration of the various
types of geologic data obtained.

BACKGROUND

Tonopah Test Range (TTR) is located in
central Nevada (fig. 1), some 25-30 miles
southeast of the old-time mining town of
Tonopah. The test range is located within the
Basin and Range geological province, a conti-
nental-scale swath of extensional tectonism
and significant volcanic activity over the past
60 million years or so. The test range is more
specifically located near the northern limit of
the Southwestern Nevada Volcanic Field,
where voluminous sheets of rhyolitic tuff and
associated volcanic rocks lap onto Paleozoic
carbonate rocks (both limestones and dolo-
mites) of much greater age. The structural
style of the Basin and Range Province is one of
fault-block mountains separated by deposi-
tional basins that contain mostly unconsoli-
dated sediments of late Tertiary to Quaternary
age. The relationship of the volcanic rocks to
crustal extension is complex and overlapping
in time and space, with the result that the vol-
canics may be found both in the faulted ranges
and in the intervening basinal areas.

Nevada e

Reno

'

ah
Test Range

Vegas

Figure 1. Index map showing location of the
Tonopah Test Range in Nye County, Nevada.
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Within the Tonopah Test Range itself, the
playa lakes of Main Lake (also identified as
“Mud Lake” in some reports) and Antelope
Lake, as well as a number of other, signifi-
cantly smaller playas, are located between the
Cactus Range to the west and the Kawitch
Range to the east (fig. 2). The Cactus Range
(summarized from Ekren and others, 1971)
comprises widespread rhyolitic extrusive and
shallow-intrusive rocks that range in age from
Oligocene through Miocene, overlying sparse
exposures of much older Paleozoic sediments
and one small outcrop of Mesozoic granite.
Two probable calderas, one related to the tuff

of Antelope Springs and one to the younger
tuff of White Bloch Spring, appear to be
present within the range, although these erup-
tive centers seem to have been disrupted sig-
nificantly by severe post-eruption faulting.
The core of the Cactus Range is flanked by
later Miocene to Pliocene volcanic and sedi-
mentary rocks. A northwest-trending Basin-
and-Range normal fault of large displacement
bounds the range to the east.

The Kawitch Range (fig. 2; discussion
again summarized from Ekren and others,
1971) is a complex uplift, comprising three
major, en echelon segments. The southern seg-

Figure 2. Landsat imagery for part of the Tonopah Test Range and vicinity showing Main Lake, Antelope
Lake, the Cactus Range to the west and the Kawitch Range to the east (in green shades). Playa lakes are
white.
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ment, which is located farther south than the
playa lakes of interest, comprises dominantly
quartzose sedimentary rocks of Precambrian
and Cambrian age. The central segment, which
lies immediately south of Cedar Pass and
roughly parallel in latitude with Antelope
Lake, is entirely volcanic in origin. Almost the
entire segment consists of intra-caldera Frac-
tion Tuff of Miocene age; thicknesses of the
Fraction Tuff are known to exceed 7000 ft.
The northern segment, located to the north of
Cedar Pass and probably a source area for
some of the sediments underlying the modern
playas, comprises a variety of generally pre-
Fraction-Tuff Tertiary volcanic materials. A
few small outcrops of Lower Paleozoic car-
bonate and quartzose sedimentary rocks, possi-
ble landslide blocks, are exposed in several
locations. The entire Kawitch Range appears
largely to be a composite horst block, bounded
on both the east and west sides by poorly
exposed north- and northwest-trending normal
faults.

Elevations are distinctly higher in the
Kawitch Range (to 8500 ft) than elsewhere on
Tonopah Test Range (generally 5300-5500 ft).
As indicated in figure 2, Main Lake and Ante-
lope Lake are located markedly closer to the
Cactus Range (maximum elevation ~7000 ft)
than to the Kawitch Range. This relative posi-
tioning is believed to determine — in part —
the source(s) of the sediments that now fill the
lake basins.

PREVIOUS CHARACTERIZATION STUDIES OF
TTR PLAYA LAKES

There appear to have been two principal
previous investigations of playa lakes at
Tonopah Test Range. Some 70-plus shallow
drive-cores were obtained by a contracted geo-
technical consulting firm in the 1963-1964
time frame from the entire Main Lake area
(Woodward-Clyde-Sherrad, 1964). Varying
vertical distributions of silty clay, silty sand,
and sand were encountered, mostly unlithified.
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A few holes contained material described as
“slightly cemented,” and one deep hole
encountered “very hard sand conglomerate” at
approximately 70 ft depth. The report con-
cluded that units could not be correlated
between holes, given the wide hole spacing. A
second investigation in 1996 used a truck-
mounted cone penetrometer to push a hydrau-
lically driven instrumented probe into the lake
sediments at 95 locations, recording the depth
of refusal and a continuous record of resistance
to penetration at each site (Hansen and Patter-
son, 1996). Unlike the earlier survey, the cone
penetrometer locations covered Antelope Lake
(13 locations), Browns and Pedro Lakes (3
locations each), as well as the TTR Main Lake
(75 locations).

The results of the cone-penetrometer sur-
vey on the Main Lake are shown in figure 3, in
both map (top) view and perspective view
from the northwest. In parts (a) and (b) of the
illustration, the emphasis is on the modeled
depth-to-refusal of the hydraulically driven
penetrometer probe. The depths are indicated
by the color coding in the legend bar. In parts
(c) and (d), the same depths-to-refusal are
shown; however, these illustrations also show
the overall extent of the cone-penetrometer
survey with respect to the present-day topo-
graphic lake margin.

The depth of refusal, which essentially cor-
relates with what was commonly known
regarding the depth to the “top of the hard
layer” prior to the present study, increases con-
sistently toward the north, away from the
shoreline. Depths increase from immediately
below the surface of the lake bed to a maxi-
mum observed value of approximately 10 ft. A
number of more-or-less north-south ridges and
valleys are present on the top of the hard layer,
but toward the northern limit of the surveyed
area, the depth of refusal is fairly consistent at
approximately 8—10 ft. Note, however, that no
information regarding the thickness of the hard
layer underlying the refusal depth was
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Figure 3. Results of the cone-penetrometer survey on the southern margin of the Main Lake. (a) Color-
coded depths to refusal (the “hard layer”) in feet. (b) Perspective view of (a). (c) Depths to the hard layer
showing the extent of the cone-penetrometer survey with respect to the lake margin (topographic). (d)
Perspective view of (c). Vertical exaggeration in (b) and (d): 50x.
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obtained by the cone penetrometer examina-
tion.

OBJECTIVES

The intent of the current investigations was
to define the basic subsurface geology of the
two major playa lakes at Tonopah Test Range:
the Main Lake and Antelope Lake (fig. 2).
Both lakes have been used for past penetrator
testing, but most major testing activities have
been carried out on the Main Lake. In particu-
lar, most interest has been focused on the pres-
ence or absence of one or more so-called hard
layers, viz. the cone-penetrometer study. Sedi-
ments that behave in a “hard” manner when
penetrated during a weapon drop can generate
deceleration forces in excess of certification
levels and may potentially damage critical
weapon components.

A Note on Coordinate Systems

Most large-scale topographic maps, such
as the 1:24,000 7.5-minute series published by
the U.S. Geological Survey, historically have
been based upon the local state plane-coordi-
nate system. At TTR, this is the Nevada state
plane coordinate system, central zone, refer-
enced to the North American Datum of 1927
(NAD-27). State plane coordinates are typi-
cally given in feet. With the rise of Global
Positioning Satellite systems for determining
spatial coordinates in real time in the field, the
World Geodetic System of 1984 (WGS-84)
has become the primary reference, in that the
underlying electronic measurements are deter-
mined within this system. Because the same
nominal coordinates (geographic: latitude and
longitude; UTM, etc.) referenced to different
datums can differ in physical position by up to
a hundred meters or more, it has become
increasingly important to ensure that the pro-
jection system (UTM, state plane) and the
datum of reference (NAD-27, NAD-83, WGS-
84) is identified properly.
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The characterization activities at Main
Lake, which were conducted first under this
effort, used the Nevada state plane coordinate
system, NAD-27, in feet, for consistency with
most historical maps and spatially located
data. However, with the initiation of the sur-
face-based geophysical studies of Antelope
Lake, we began to use Universal Transverse
Mercator (UTM) coordinates, zone 11, WGS-
84, in meters. The reason for the change was
principally logistical. Most modern geophysi-
cal measurements are measured, computed and
displayed in SI units. The geophysical contrac-
tor therefore preferred to work in metric coor-
dinates, and although these coordinates could
have been UTM meters, NAD-27, we decided
simply to use the native GPS coordinate sys-
tem: WGS-84.

Most references to coordinates in this doc-
ument retain their original values: Main Lake
activities and models in NAD-27 state plane
coordinates, in feet; Antelope Lake activities
and models in WGS-84 UTM coordinates, in
meters. However, locations of drill holes —
which provide the permanent hard data result-
ing from these studies — are given in both sys-
tems in Appendices B and F. Numerous
computer programs now exist that can perform
conversions among coordinate systems and
datums quickly and conveniently (GeoComp
Systems, 1999; U.S. Army Corps of Engi-
neers, 2000).

GEOLOGICAL CHARACTERIZATION
STUDIES OF MAIN LAKE

The subsurface geology of the TTR Main
Lake was examined in the region generally
used by recent penetrator testing activities,
which is located in the southern portion of the
modern lake bed (fig. 4). The current investi-
gations were designed to overlap partially with
the cone penetrometer survey (fig. 5; Hansen
and Patterson, 1996), but to extend farther
north toward the center of the lake. A concrete
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Figure 4. Aerial photograph overview of the TTR
Main Lake showing the locations of holes drilled as
part of this characterization effort. Red symbols
indicate core holes; blue symbols indicate rotary
holes. Width of image approximately 5 miles.

hard target used for some testing activities
occupies a position near the southern shore of
the modern lake (fig. 5).

METHODS
Core Drilling

Core samples were obtained using mining-
industry-standard HX wireline equipment (fig.
6), using polymer mud, sometimes with minor
bentonite addition, as the circulating medium.
The use of mining-type equipment rather than
an auger drill or more sophisticated equipment
such as ultrasonic drilling was dictated in part
by the need for rapid deployment of a first-
pass characterization program. An idle mining-
style rig was available immediately in central
Nevada. Later, a more extensive drilling pro-
gram was conducted using the same basic type
of equipment because the initial drilling had
yielded satisfactory results in a cost-effective
manner.

18 Geological Characterization Studies of Main Lake

Wireline coring equipment uses an inner
tube within the outer core barrel, which — if
properly adjusted — can significantly reduce
contact of actively circulating drilling fluid
with the core as it is drilled and thereby
increase core recovery, even in weakly consol-
idated materials such as anticipated in a playa
lake bed. The inner tube is what is retrieved
via the wireline hoist, a winch system separate
from that use to raise and lower the drilling
pipe. This means of core retrieval allows large
intervals of hole to be cored without the time-
consuming need to remove all of the drill rods
from the hole. Additionally, a triple-wall core
barrel can be used, in which the core is recov-
ered inside yet-another cylindrical tube within
the inner tube; again exposure of the core to
actively moving drilling fluids is reduced. This
third tube is usually what is referred to as a
split tube, meaning that the innermost tubing is
split lengthwise during manufacture and is
held together by adhesive tape and its snug fit
within the normal inner tube. The core inside
this split tube can be removed from the coring
assembly simply by cutting the tape which
holds the two halves of the barrel together,
thus exposing the core without needing to
extrude it from a solid assembly. Two exam-
ples of removing core from the inner tube (not
a split tube) are shown in figure 7.

Cuttings are removed from the hole and the
bit is cooled by a circulating fluid system.
Addition of a synthetic polymer to water that
produces needed viscosity while adding only
minimal solids to the mud system was used for
these holes. Minor amounts of bentonite clay
were used in the mud system for a few of the
early drill holes. Despite the relatively soft,
non-cemented nature of the lake sediments,
core recovery was generally excellent, and the
drilling progressed sufficiently rapidly that the
interior of the core was generally dry upon ini-
tial recovery, even though the outer portion of
the core was wetted by the drilling fluid.
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Figure 5. Detail of the southern Main Lake area showing several permanently marked targets, as well as
the core holes (red) and rotary holes (blue) of this program compared with the positions of cone-
penetrometer testing (yellow) reported by Hansen and Pattersen (1996). Grid is Nevada state plane

coordinate system, NAD-27, in feet.

Rotary Drilling

Rotary drilling produces an open hole sim-
ilar to that left after core drilling. However,
intact core samples are not obtained, as a
rotary bit simply crushes or otherwise disag-
gregates the penetrated rocks and the cuttings
are circulated out of the hole by drilling mud.
Rotary drilling at Main Lake was conducted
using the same wireline-core rig, but using a
tricone rotary bit instead of the usual core bar-
rel assembly. Cuttings samples are frequently
collected during rotary operations by screening
(sieving) the mud returns. However, the soft
lake sediments disaggregated so completely
that no meaningful cuttings samples could be
obtained.
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Downhole Geophysical Logging

Geophysical logging surveys were con-
ducted in the open hole remaining after drilling
was completed, by lowering a cylindrical log-
ging tool into the hole on the end of a cable, as
illustrated in figure 8. Various physical proper-
ties are then measured as a function of depth as
the probe is withdrawn from the hole. The
result is a continuous recording of attributes
that may be reduced to interpretable geologic
data. Both core and rotary holes were logged
in an identical manner.

The only logging tool used in all holes at
the Main Lake was the so-called density-resis-
tivity log. A radioactive cesium source on the
bottom of the probe irradiates the adjacent
material, and gamma rays from the source are
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Figure 6. Photographs of core rig in operation of Main Lake. Note core rods and drilling mud.

r‘;‘._ 2 5 ) .

Figure 7. Photographs showing core handing at the rig. (a) Removing core from the inner tube onto a
staging rack prior to marking and boxing. (b) Extruding core from the inner tube to avoid excessive
disruption of soft or friable core. The inner tube is on the left-hand side of the photograph.
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Figure 8. Photographs of inserting and lowering a geophysical logging sonde into a bore hole. In (a), note
the black bands near the upper part of the probe that delineate one of the sensors, isolating it electrically
from the remainder of the probe. In (b), note the wireline winch mounted on the truck and the cablehead

attachment to the probe.

attenuated en route to a nearby detector in
direct proportion to the density of the interven-
ing rock. Following numerical processing, the
result is a continuous record of density cali-
brated in g/cm>. A caliper log measuring the
hole diameter and calibrated in inches is
recorded simultaneously by an extensible
lever-arm that pushes the radioactive source
and detector against the borehole wall as part
of the density measurements. This produces a
record of borehole diameter as a function of
depth.

Two other measurements are part of the
density-resistivity log. Electrical resistivity, in
Q-m, of the rock formations is measured
between two electrodes on the downhole
probe. Electrical resistivity to currents in earth
materials (or by extension, its inverse: electri-
cal conductivity) is largely a function of the
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moisture content in the rock, and the resistivity
tool is frequently used to discriminate more
coarse-grained materials from finer materials
that typically contain more interstitial water
because of capillarity. Finally, a passive detec-
tor measures the natural gamma activity of the
rocks. This detector is located at the opposite
end of the logging sonde from the gamma-
based density-measuring equipment to reduce
false signals from the attached radioactive
source. The principal effect of this separation
is that the natural gamma trace cannot be
recorded to the total depth of the borehole, and
the deepest measurements are located at the
total depth minus the length of the tool (about
10 ft). Natural gamma activity in rocks is
linked principally to potassium-40, a naturally
occurring isotope of potassium found domi-
nantly in feldspars and clays. Feldspars are
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Figure 9. Slightly silty bentonitic clays at 4 ft depth
in drill hole ML-3. Note dessication cracking
characteristic of bentonitic materials. Width of core
is ~2 inches.

particularly abundant in virtually all of the sed-
iments in this region because the source ter-
rane is composed largely of felsic volcanic
rocks.

RESULTS OF CHARACTERIZATION AT THE
MAIN LAKE

Drilling and Geophysical Logging

Characterization of the Main Lake began
initially with three core holes drilled immedi-
ately adjacent to the impact location of the test
assembly that generated the need for the pro-
gram. These three holes were drilled on a time-
sensitive basis and they provided the first
glimpses of the subsurface geology. Photo-
graphs of core recovered from these first three
holes are presented in Appendix A.

The principal observation related to the
purpose at hand was that below the known,
approximately six-foot thick, surficial clay
interval (fig. 9), there are alternating layers of
clayey and silty sand among clayey “gravel”
beds; this is indicated in figure 10 and figure
11 (a) and (b). Actually, the gravels are very
coarse sandy granule conglomerates, as the
dominant grain size of the coarser-than-silt
fraction is about 1 to about 4-6 mm. The
terms, very fine pebbles or fine pebbles, have
also been used for this range of grain size (2—8
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mm; AGI data sheet 29.1, 1989), but granule
seems to convey better the small size of the
clasts.

A matrix of clay and silt encloses the gran-
ules, but in figure 11(a), many of the large
clasts appear to be in grain-to-grain contact
and not “floating” in the matrix. Grain-on-
grain contact will prove important in interpre-
tation of the laboratory strength of these rocks
and of the drop test results (see also page 29).
Figure 11(b) shows granule-rich core in which
the clasts may truly be floating in the matrix.
However, note that the matrix portion of the
sediment in this case was sufficiently hard that
the diamond core bit abraded through the indi-
vidual volcanic-rock fragments, rather than
grinding away the matrix and leaving intact
granules.

Photographs in jpeg format of most of the
core collected from the Main Lake (holes ML-
1 through ML-10) are contained on the CD-R
in the rear of this report. Core was photo-
graphed by box (nominally 10 ft of core), and
the filename contains both the drill hole identi-
fier and the actual footage (multipled by 10 to
eliminate decimal points) present in that pho-
tograph. For example, file ML-2 130-245.jpg
shows the box containing core from drill hole
ML-2, 13.0 ft to 24.5 ft. Additional photo-
graphs illustrate various aspects of the sedi-
ments; the file names of these files contain
phrases describing the specific features.

In figure 10, note that although no down-
hole geophysical logging was conducted in
any of drill holes ML-1, ML-2, or ML-3, a sec-
ond-phase rotary drill , MLR-44, was drilled
very close to ML-1. A simplified version of
the three principal log traces from this bore-
hole is shown associated with the core log for
hole ML-1 (also see discussion on page 98).

The main phase of drilling on the Main
Lake began with a series of core holes distrib-
uted widely over a 500-ft (east-west) by 300-ft
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SILTY CLAY: brown; finely laminated locally:

calcareous

SAND & GRANULES: coarse sand and granules

SILTY SAND: med - to coarse-grained sand with
significant admixed silt & clay, plastic, think
layers of granule-rich coarse sands with silty-
clayey matrix

SAND & GRANULES: granules appear to be
volcanic clasts, 1-4 mm, less commonly 5-7 mm,
some material is hard enough that it is cut by
core bit: some interbedded layers without
granules

SILTY SAND

SAND & GRANULES

SILTY SAND

Y\ SAND & GRANULES

Figure 10. Core logs for drill holes ML-1, ML-2, and ML-3, together with geophysical logs from rotary hole
MLR-44. Density values > 2.0 g/cm® shaded red. Total depth of each hole is 40 ft. All four holes are located
within a radius of less than 20 ft.
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Figure 11. Photographs of fine to very fine gravel/granules in core samples: (a) at a depth of ~23 ft in drill
hole ML-1; (b) at a depth of approximately 21 ft in drill hole ML-2. Note that granules in (b) have been cut
through by the drillbit, despite their presence in a clay-rich matrix. Width of core tray in each image is

approximately 2 inches.

(north-south) nominal grid to explore the over-
all distribution of the coarser layers. This
exploratory phase consists of holes ML-4
though ML-11. Ultimately, however, rotary
drilling was commenced to fill in the grid in a
quasi-systematic manner. Several additional
core holes were drilled, generally more
focused in the vicinity of the initial holes ML-
1 through ML-3. The final drilling pattern for
both core and rotary drill holes on the Main
Lake is shown in figure 12. Core holes are
shown as red symbols, whereas rotary holes
are shown by the blue symbols. There are a
total of 90 boreholes, 19 core and 71 rotary.
The collar coordinates for all holes drilled on
the Main Lake are given in Appendix B, table
B-1. Locations are given in latitude and longi-
tude, UTM metric coordinates (both WGS-84),
and in Nevada state plane coordinate systems
(NAD-27) for convenience. Geologic and geo-
physical logs for the 90 drill holes are pre-
sented in Appendices C and D.

A complete discussion and interpretation
of the results of drilling at the Main Lake is
beyond the scope of this data report. However,
a general sense of the subsurface geology is
conveyed by figure 13, which shows density
— perhaps the most useful geophysical param-
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eter — as determined by the downhole geo-
physical logging. Correlation of the lithologic
core logs from the early holes of the gridded
main-phase of drilling with the geophysical
data from the same holes indicated that density
values of 2.0-2.1 g/cm3 appeared to be a fair
discriminator of sediments containing gravels
and very coarse sands from finer grained mate-
rials.

In figure 13, each drill hole is shown as a
vertical sequence of colored spheres, for which
the color is proportional to the density on one-
half-foot composite intervals, as indicated by
the color scale at the bottom of the figure. The
view in part (a) of the figure is from a south-
westerly direction and from above, whereas
the view in part (b) is from the northeast.

Although the sheer density of the drilling
pattern makes it difficult to see “into” the more
rearward portions of the illustrated volume, the
overall trend of density changes (recall that
high density is interpreted as hard sediment) is
fairly obvious. Densities are greatest in the
eastern and southeastern portion of the mapped
volume. The thickness and number of dense
(hard) layers diminishes toward the west, with
some lesser decrease to the north.
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Figure 13. Drilling results for density at the Main Lake. (a) view from the southwest; (b) view from the
northeast. One-half-foot averaged densities shown by color scale. Boreholes are all approximately 40 ft
deep. Grid is Nevada state plane coordinate system, NAD-27, in feet.
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Additional insight into the utility of geo-
physical density as a surrogate for “hardness”
(as distinct from “coarseness”) of the sediment
is gained from figure 14. This illustration pre-
sents a pair-wise comparison of tip-resistance
data from several of the cone-penetrometer
“pushes” (fig. 5) with the three principal geo-
physical traces from nearby rotary and cored
holes. Recall that the cone-penetrometer val-
ues represent the relative resistance to penetra-
tion as the hydraulically driven penetrometer
probe is pushed into the ground (page 15).

For each pair of tests in figure 14, the den-
sity trace appears to lose resolution and drift
consistently toward unphysically low values in
the upper four feet or so of the hole. This phe-
nomenon is almost certainly related to emer-
gence from the drill hole of the gamma
detector on the mid part of the geophysical
logging sonde.

As with the correlation of geophysical log
information with the macroscopic lithologic
character of the core, the correspondence of
the geophysical data with resistance to pene-
tration is not exact. However, unlike the core-
to-geophysics correlation for which the data
come from the same physical location, the
penetrometer data are are from spatial posi-
tions separated by up to several tens of feet.

Nevertheless, most of the pair-wise com-
parisons indicate that there is approximate cor-
respondence between inflection points in the
tip-resistance trace and distinct changes in at
least one of the three geophysical traces. Note
in particular the correspondence between resis-
tance and the gamma-ray log in pair MLR-34—
Cpt-54 and between resistance and the Micro-
guard resistivity as well as gamma-ray traces
in pair MLR-32—Cpt-T10. In at least one
example (ML-11-Cpt-27), the correspon-
dence of abrupt changes in log character is
quite pronounced, but the depth at which the
changes occur is offset by approximately 1.5
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ft. This is consistent with the recording of
these data at two slightly separated positions.

Rock Mechanics Data for the Southern Main
Lake Area

A fairly substantial number of specimens
were taken from the core recovered from the
first ten holes for material properties testing
(Appendix E, table E-2). In general samples
were selected to cover a variety of lithologic
types and the entire geographic area of the
drilling program. The shallower parts of the
holes were emphasized over the deepest sec-
tions. Additionally, emphasis was placed on
the general depth interval of the problem hard
layer in the original flight test: approximately
15 to 25 ft. Only one or two specimens from
the uppermost silty clay (soft) layer (fig. 10)
were selected, as this unit was not of particular
interest for this study.

In the end, however, only a minimal num-
ber of core specimens were actually tested.
The results of laboratory properties testing on
samples from the first three core holes, ML-1
through ML-3, are tabulated in table E-1. All
of these samples are from the immediate vicin-
ity of the drop test that initiated this study. It is
not clear why the properties testing was lim-
ited to this small suite of specimens.

Of interest are the results of the confined
compressive strength (triaxial) testing, the
results of which are shown in the lower part of
table E-1. The strength of the tested samples
increases markedly — from less than 1 MPa
for the unconfined condition (test TTR-UCO1)
to almost 700 MPa at a confining pressure of
400 MPa (test TTR-TAO04). This increase is
illustrated graphically in figure 15, using loga-
rithmic scaling on both axes. Even though the
lithostatic confining pressure on the materials
anywhere within the depth range sampled by
the drill holes on Main Lake is rather low, the
effective confining pressure experienced by
the rock mass during an impact event at many
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Figure 15. Increase in compressive strength with
confining pressure of core specimens from the
Main Lake. Data from table E-1; log-log scaling.

hundreds of feet per second is likely to be sig-
nificantly greater than lithostatic. The lithos-
tatic gradient is widely assumed to be roughly
1 psi (6.9kPa or 0.0069 MPa) per foot of
burial. Thus, even materials at the 40-ft maxi-
mum depth of burial that were sampled by the
drilling program only experience an in-situ
confining pressure of about 0.25 MPa.

The strength of the rock mass under rapid
loading conditions is probably greater than it
might be otherwise because of the grain-on-
grain nature of the clasts in several intervals.
The large clasts are resistant pieces of siliceous
volcanic rocks. Under confining pressure and
shock-like loading, the fact that these hard
fragments are in direct contact with one
another (e.g., fig. 11) appears to cause the sed-
iment mass to behave much like the parent vol-
canic rock. Were the granules and fine pebbles
more dispersed (“floating”) in the mud matrix,
some early strain would be more easily accom-
modated by displacements of the larger clasts
within the soft, fine-grained matrix. It is most
likely this exponential increase in “apparent”
compressive strength of the granule-bearing
beds under impact loading conditions is the
principal cause of the component failure that
initiated this study.

December 2004

DiscussSION OF MAIN LAKE GEOLOGY

A portion of the subsurface geology of the
Tonopah Test Range Main Lake has been char-
acterized in some detail. A near-surface unit of
relatively recent, soft, clay-rich sediments
from the “modern” lake is underlain at depths
below about 610 ft by what appears to be a
complex sequence of interfingered finer and
coarser grained materials. Coarse-grained
materials range in size up to fine gravel (up to
1-2 cm).

The dominance of clayey material, even
within what are obviously quite coarse-grained
units, suggests deposition as debris flows, in
which the coarser clasts were transported sus-
pended in a relatively high-viscosity mass of
mixed particle sizes and water. Some degree of
sorting within the local source terrane is evi-
dent, in that the range of coarser grain sizes is
somewhat restricted to granules through fine
gravel. Given the distance of the Main Lake to
the adjoining highlands of the Kawitch or Cac-
tus Ranges (fig. 2), in-transport sorting such as
this is not unexpected in this geologic environ-
ment. Based upon the geometry of the main
mass of coarse-grained material encountered
in the subsurface of the Main Lake (e.g., fig.
13), and the observed decrease in the quanti-
ties of coarser and more dense units toward the
west, it is most likely that these debris-flow-
like deposits came to rest as a delta-like mass
near the eastern margin of the paleo-Main
Lake. Clearly, however, there was only mini-
mal reworking of the deposited sediments, as
the granule-bearing beds remain clay rich.

A geophysical density threshold value of
2.0-2.1 g/em? seems to perform well as a dis-
criminator between coarse grained, frequently
granule-bearing intervals and finer grained
sediments . This correlation is observed (e.g.,
Appendices C and D) in virtually every core
hole that encountered coarse-grained materi-
als. The match of density-defined “hard” inter-
vals with the logged extent of the coarse-
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grained units is not one-to-one. However, it is
not always easy to identify the presence of
smaller quantities of coarse clasts in these
muddy, clay-rich sediments. Additionally,
uncertainties in the depth positioning of the
logged core segments within intervals of poor
core recovery may be responsible for some of
the lack of detailed correlation.

There are some additional observations
and features that may bear on the origin of the
relatively well-sorted coarse sediments
encountered by the Main Lake (and Antelope
Lake; see below) drilling. Parts of the margins
of the modern Main Lake, the margins of
Antelope Lake, and local areas elsewhere on
Antelope Lake, are covered by well-sorted
granules to fine pebbles of the same siliceous
volcanic fragments that compose the subsur-
face clayey gravel units. The overall appear-
ance of the marginal gravel deposits is shown

in figure 16(a); a close-up view of the clasts is
in figure 16(b). The granule and pebble depos-
its are generally elevated very slightly above
the remainder of the lakebed (less than a few
centimeters).

The mechanism of the sorting observed in
these bank deposits is not entirely clear. Poten-
tially, the fine and very fine gravel clasts may
be lag deposits from which the finer silt- and
sand-sized fractions have been removed by the
wind. Wind speeds on the lake beds (indeed, at
TTR in general) can be quite high at certain
times, and the otherwise flat lake beds contain
nothing to break the wind. The areas immedi-
ately to the east and northeast of both the Main
Lake and Antelope Lake are covered by exten-
sive dune deposits up to several meters thick.
The dunes are composed of silt and sand-sized
materials, so it would not be unlikely that

Figure 16. Overview (a) and close-up (b) of relatively well-sorted granules and fine pebbles (dark) found
around the margins of Main and Antelope Lakes. The background in (a) shows dune deposits just outside
the modern lakebed. The yellow GPS datalogger in (a) is approximately 20 centimeters long. Scale bar in

(b) is in centimeters.
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coarser clasts available in the source region(s)
might remain behind as lag deposits.

Examples have been observed on the Main
Lake of places where isolated pebble-sized
clasts appear to have sunk into the clays of the
lake surface; see figure 17. The surrounding
clays have been depressed slightly surrounding
the central crater, as would be expected if the
clast had subsided under gravity into a soft,
plastic material. The lake beds have been
observed to remain quite hard, even under an
inch or so of standing water accumulated after
larger rainfall or snowfall events. However
after several days, the very top few millimeters
of the lake clays does become soft and slip-
pery. It would be easy to envision that the top
several centimeters to possibly a meter or so
might conceivably become soft and plastic
during extended wet periods, such as unques-
tionably occured during Pleistocene pluvial
periods. Under such conditions, entire lake-
margin gravel deposits, such as that in figure
16(a) could become clast-supported clayey
conglomerates identical to those encountered
in the drill holes (for example, fig. 11).

Although some lateral correlation between
drill holes appears possible, it is not entirely
clear that individual beds can be so correlated.
In other words, the drill hole spacing, even at
300 by 500 ft, may be too wide to capture the
detail of individual channel deposits. However,
for the purpose at-hand of identifying suitable
target regions for penetrating tests, the overall
dominance of high-density, likely coarse-
grained material in the subsurface of Main
Lake, for example as shown in figure 13, sug-
gests that coarse, hard layers are widespread
across the southeastern and southern portion of
the lake.

The display of figure 13 also makes it quite
clear that the more dense (= harder) materials
decrease markedly to the west; for example,
west of 482,000 ft East, Nevada state plane
coordinates. If target regions are desired on the
Main Lake for penetration events reaching
below about 1012 ft, it may be possible to
find suitable regions west of this easting value.
Refer also to figures 4 and 5 for the positioning
of the Main Lake drill holes relative to the
modern lake margins. Note that the degree of

/

Figure 17. Photographs of individual pebble-sized clasts that appear to have sunk into soft clayey
sediment on the surface of the Main Lake. (a) Close-up veiw; note possible trail (arrow). (b) Multiple clasts

(arrows) with likely second-generation mud cracks
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encroachment of coarse-grained materials
from the western shoreline is not known, as the
westernmost “column” of drill holes shows no
evidence of a wedge of coarser clastics in this
area.

GEOLOGIC CHARACTERIZATION OF
ANTELOPE LAKE

Antelope Lake, located approximately 10—
12 miles south of the Main Lake (fig. 2), had
not been characterized previously in any sig-
nificant detail prior to this study. Thirteen of
the cone penetrometer holes reported by
Hansen and Patterson (1996) were drilled in a
profile trending roughly north-northwest
across the long dimension of Antelope Lake,
but the maximum depth interrogated by this
technique was 10 feet. A number of recovery
pits for various air-dropped test assemblies
have been excavated over the years, but no
systematic geologic data appear to have been
recorded at these sites. Indeed, even the loca-
tions of those excavations appear not to have
been recorded.

The lack of definitive, spatially located
subsurface information led to a two-stage
investigation of Antelope Lake. Initially, a sur-
face-based geophysical investigation was
designed to provide some basic information on
the stratigraphic framework of the lake bed
and the likely distribution of gross lithologic
types. This investigation consisted of time-
domain electromagnetic (TEM) soundings on
relatively close spacings coupled with more
sparse Schlumberger-array resistivity sound-
ings. Later a drilling program was targeted (a)
to confirm some of the geophysical interpreta-
tions and (b) to identify a suitable target region
and aim point for future testing.

The overall positioning of the geophysical
survey within the large areal expanse of Ante-
lope Lake itself (roughly 1.5 by 3 miles) was
controlled by inferences based on the tectonic
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and topographic setting of the lake. Figure 2
indicates that the depositional basin, of which
Antelope Lake is the deepest current portion,
1s asymmetric, with steeper slopes to the west
formed by the Cactus Range at a distance of
roughly 5—6 miles. In contrast, the terrain to
the east of Antelope Lake is of markedly less
relief, with the distance to sediment-source ter-
rane comparable to the Cactus Range in excess
of 20 miles. This general topographic position-
ing, combined with the presence of numerous
feeder channels and arroyos leading into Ante-
lope Lake from the Cactus Range, suggested
that the west side of the lake might reasonably
contain more coarse debris (“harder” material)
than the eastern side. Accordingly, the layout
of the geophysical survey positions was biased
toward the eastern portion of the lake.

The second stage of characterization was
based upon drilling constrained by the results
of the surface geophysics. The drilling
approach was essentially identical to that
described for the Main Lake, except that an
expanded suite of downhole geophysical logs
was acquired and the holes were completed to
a greater total depth. Both rotary and cored
holes were drilled. The expanded suite of geo-
physical logs plus experience gained from the
surface geophysical investigations allowed
greater reliance on less-expensive rotary drill-
ing methods.

The drilling itself was conducted in two
successive phases. First, the initial core holes
were targeted at confirming interpretations
from the surface geophysics. Thus the first
four holes were drilled in areas characterized
by markedly different surface-geophysical
measurements (principally the TEM results).
After that, drilling was guided partially by the
surface geophysical interpretation generally
and more specifically by the previous drilling
results in seeking an area free of identifiable
coarse-grained/“hard” sedimentary layers.
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METHODS

Time-Domain Electromagnetic Profiling

Electromagnetic (EM) soundings are fre-
quently performed using transient, or time-
domain (TEM), methods. The most typical
configuration for these soundings uses a cen-
tral-loop configuration, illustrated in figure 18.
Figure 19 shows two views of an actual field
TEM measurement in progress, giving a better
idea of the scale involved.

In the central-loop geometry, a current is
passed through the larger, external-loop trans-
mitter for a sufficiently long time that a steady-
state magnetic field is generated in the Earth.
This current is terminated abruptly, which
causes the induced magnetic field to decay,
inducing secondary electrical currents to flow
in the ground. These subsurface currents prop-
agate downward and outward giving rise to a
secondary magnetic field, which decays in par-
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Figure 18. Schematic representation of the
geometry and physics of time-domain
electromagnetic measurements.

= o

Figure 19. Field TEM measurements. (a) One-half (approximately) of a TEM loop. The transmitter
assembly and wire spool are on the left and the central loop system is on the right. (b) Detail of a TEM
central-loop layout. The receiver coil is slightly elevated above the lake surface on the right and the
recording equipment is inside the orange box on the left.
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allel with the original induced field, but with
some time lag. The smaller, central loop of the
sounding set-up detects the secondary mag-
netic field, as this decaying field in turn
induces electrical currents in the central loop.
The induced electrical currents in the central-
loop receiver are sampled as a function of
time. Early-time voltages correlate with shal-
low currents flowing near the transmitter wire
(the external loop), whereas late-time samples
correlate with deeper-penetrating currents.

Multiple TEM soundings may be collected
adjacent to one another along a linear traverse,
forming a profile that may be modeled, analyt-
ically or numerically, using a layered-earth
model of resistivity. Such a resistivity profile
may, in combination with other information,
be used to infer the lithologic variation with
depth, and potentially laterally as well.

The TEM survey at Antelope Lake (fig.
19) utilized 40-m TEM loops separated by 40-
m spaces along three traverses, as shown in
figure 20. Additional details of the specific
instrumentation and data processing for the
TEM survey are presented in Appendix J. All
TEM data were reduced to apparent resistivity
values for presentation.

Galvanic Resistivity (Schlumberger) Soundings

Direct-current (or galvanic) resistivity
soundings were acquired at Antelope Lake
using the classical Schlumberger-array elec-
trode configuration. This geometry consists of
a sequence of progressively larger spacings for
a collinear, four-electrode array. Current elec-
trodes are on the outside, and electrodes mea-
suring the potential (voltage) are on the inside.
The classical Schlumberger-array geometry is
shown schematically in figure 21 and in the
field in figure 22.

An electrical current is transmitted
between positions A and B in figure 21, and
the resulting voltage is recorded at positions M
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and N. The A-B distance is increased, holding
M-N constant, the current is transmitted again
and the corresponding voltage recorded. This
process of increasing the distance between the
current electrodes (and ultimately of the poten-
tial electrodes as well) is repeated multiple
times, constituting a vertical sounding in
which larger A-B distances correspond to sam-
pling the electrical properties of progressively
deeper earth materials.

Data from a Schlumberger sounding are
reduced analytically to apparent resistivity, the
resistivity of a homogeneous isotropic half-
space. Apparent resistivity is then plotted as a
function of the distance AB/2 to obtain a verti-
cal profile. Additional details of the instrumen-
tation and data processing for the resistivity
surveys are presented in Appendix J. The posi-
tions of the Schlumberger resistivity soundings
on Antelope Lake are shown in figure 20, in
conjunction with the TEM transmitter loca-
tions

Frequency-Domain Electromagnetic Surveys

A second type of electromagnetic survey,
using what is known in the geophysical indus-
try as EM-31 or a terrain conductivity meter,
was conducted across part of Antelope Lake,
partially as an experiment, because the tech-
nique is relatively inexpensive and a survey
can be executed very quickly. Unlike the time-
domain EM described previously, this survey
methodology is conducted in the frequency
domain, meaning simply that the initiating sig-
nal is transmitted continuously and the
received signal, as modified by its passage
through earth materials, is recorded continu-
ously as well.

These electromagnetic data are typically
taken in what is described as a Slingram con-
figuration, illustrated schematically in figure
23. A sinusoidal current is generated in the
transmitter coil and a voltage is monitored in a
coplanar receiver coil some distance away hor-
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Figure 21. Schematic representation of the
geometry and physics of a Schlumberger galvanic
resistivity sounding.

Figure 22. Layout of a Schlumberger vertical-
electric sounding in the field on Antelope Lake. A
number of progressively larger spacing (empty)
electrode holes are visible to the left of the survey
tape (narrow white stripe); a similar sequence of
expanding electrode holes is on the other side of
the water jug. The electronic equipment is in the
small box at the foot of the technician.
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Figure 23. Schematic representation of the
geometry of a Slingram-type horizontal-coplanar
electromagnetic coil configuration. S is a fixed
separation distance.

izontally. The time-varying primary magnetic
field induced by the transmitter current
induces eddy currents to flow in the earth.
These eddy currents, in turn generate a second-
ary magnetic field, which together with a com-
ponent of the transmitter magnetic field, are
detected at the receiver coil as a voltage.

Because the geometry of the system and
the specifics of the varying input current (fre-
quency and intensity) are known, the received
signal can be processed to remove the direct
input contribution to the total receiver
response. This leaves a residual signal that rep-
resents distortion of the input signal by the
earth materials through which the signal has
passed. It is this residual, modified signal that
yields information regarding the geology and
its subsurface physical properties. Further-
more, the residual secondary signal can be sep-
arated into in-phase and quadrature
components, vis-a-vis the phase of the input
sinusoidal current. These two components can
be analyzed separately, potentially yielding
additional geologic information.

The EM-31 system employed at Antelope
Lake (fig. 24) produces a direct readout of the
quadrature component as the apparent conduc-
tivity of the subsurface in millisiemens per
meter (mS/m). The reciprocal of this value
(times 1000) is apparent resistivity in ohm-
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Figure 24. Bicycle-towed EM-31 equipment.
Horizontal white cylinder is the Slingram-
configured EM transmitter and receiver assembly.
Vertical device is GPS receiver. Electronics
equipment is inside the cart.

meters (€2-m), and may be more-or-less
directly compared to the apparent resistivity
values produced by the time-domain electro-
magnetic method. The in-phase measurement
can also be interpreted, particularly with
respect to detecting buried metal conductors.
Additional details regarding the frequency-
domain EM method and information regarding
data-reduction formulae are presented in
Appendix J.

Calibration of Surface Geophysical Methods

A brief set of surveys using the different
geophysical methods was conducted on the
Main Lake prior to their use on Antelope Lake.
The intent was to “calibrate,” to the extent pos-
sible, the geophysical measurements in an area
for which there was abundant information
from a similar geologic environment. Because
principal interest at Antelope Lake was to be
focused on identifying and avoiding coarse-
grained (hard) sediments, the test locations on
Main Lake were selected to be in a general
region of known coarse material. Furthermore,
the calibration measurements were located in
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Figure 25. Locations of TEM loops (red squares),
Schlumberger sounding (collocated with one of the
TEM loops), and pre-existing drill holes (green
dots) for the geophysical calibration surveys on
Main Lake.

an area containing both rotary and core drill
holes.

Figure 25 shows the position of the calibra-
tion study on the Main Lake. The study con-
sisted of six 40-m TEM loops, one vertical
electrical (Schlumberger) sounding, and three
traverses of EM-31 measurements. The mea-
surements were aligned east-west, and the six
TEM loops were centered on core hole ML-12.
Rotary holes MLR-39 and -46 are located at
either end of the TEM transect. Geologic and
geophysical logs of these drill holes are pre-
sented in Appendices C and D, figures C-9, C-
55, C-61, and D-12.

Figure 26 shows the results of the EM-31
calibration survey on the Main Lake. The ter-
rain conductivity values are in part (a),
whereas the in-phase data are presented in part
(b). The tracks of the bicycle-towed EM-31
equipment are shown on both figures as the
irregular east-west lines. Only three EM-31
profiles were collected and these are nominally
20 m apart.
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Both the in-phase and quadrature data are
interesting, though for different reasons. The
contoured in-phase data, shown in figure
26(b), clearly indicate the presence of buried
conductors in the near-surface. As indicated by
the annotation on the map, each traverse line
encountered two very narrow, highly conduc-
tive regions that can be connected as inferred
linear metallic objects. The more north-south
trends of the color contours is related to the
fact that the data were contoured using a north-
south/east-west gridding algorithm

The map of interpolated terrain conductiv-
ity values, fig. 26(a), indicates a substantial
degree of heterogeneity on a scale smaller than
the drill hole spacing. Aliasing of information
by the drilling pattern may potentially be an
issue. However, at the scale of the overall
problem — identifying suitable target areas —
the conclusions presented in the section on the
Results of Characterization at the Main Lake
most likely are unaffected.

Figure 27 presents the results of the TEM
calibration measurements. Two of the TEM
loops produced measurements that were unus-
able. As indicated in figure 26, the indications
are that these positions are underlain by buried
conductors of some type, probably pipelines or
electrical cabling. Only data from the eastern-
most four TEM loops have been contoured and
modeled. The resistivity contours indicate a
fairly resistive section of likely coarse grained
material down to a depth of 1020 m (30-60
ft). This interval is underlain by a much more
conductive interval which extends to at least a
depth of 40 m (100 ft+). The layered-earth
model resulting from the joint inversion of the
TEM and Schlumberger data indicates a highly
resistive near-surface interval from 0 to
slightly less than 10 m (30 ft) and that the
resistivities are markedly less below this
depth.

Because the drilling at the Main lake went
only to a depth of 40 ft, the sampled interval
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Figure 27. TEM resistivity profile for the calibration
measurements on the Main Lake. The jointly
modeled resistivity profile is also shown. Note that
data from the westernmost TEM loops were
unusable. Vertical exaggeration 10x.
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represented by the drill holes was almost
exclusively in the resistive portion of the strati-
graphic section. Rotary hole MLR-46 (fig. C-
61), on the east side of figure 27, encountered
at least two major intervals of materials with
densities exceeding 2.0 g/cm3 (inferred coarse
clayey granule beds), one from 14—18 ft and
one from 20-32 ft. Core hole ML-12, located
near the center of the original TEM profile and
at the western end of the contoured region in
figure 27, encountered granule-bearing clays at
a depth of 4 ft, and went into coarse sand, sand
with granules, and actual gravel below about 6
ft. The geophysical log for hole ML-12 (figs.
C-9 and D-9) indicates that the entire hole is
resistive and contains material above a density
of 2.0 g/cm3 from 10 ft to the bottom of the
logged interval.

West

This interpretation is portrayed graphically
in the stratigraphic cross section of figure 28.
The figure presents the geophysical logs from
the one core and two rotary holes, together
with the layered-earth resistivity model
derived from the joint inversion of the TEM
data and the Schlumberger resistivity measure-
ments. With the understanding that both the
TEM and Sclumberger methods lose resolu-
tion with increasing depth, the correspondence
between the three sets of geophysical logs, the
core-lithology log, and the inferred electrical
model is quite striking.

The very uppermost clays of the modern
lake bed are moderately resistive, as might be
expected for dry materials in the Nevada
desert. This surficial layer is underlain by a

East
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Figure 28. Stratigraphic cross section corresponding to the interpreted TEM profile on the Main Lake.
Resistivity model is layered-earth resistivit%/ profile resulting from joint inversion of TEM and Schlumberger

resistivity data. Density values > 2.0 g/cm
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shaded red on log profiles. Compare to figure 27.
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relatively thicker layer of fairly low resistivity
materials, presumably more-moist clays. A
highly resistive layer underlies this conductive
unit, but the resistive material is relatively thin.
Because the density trace tends to lose its
effectiveness close to the surface, it is unclear
whether this thin resistive unit (187 £2-m in fig.
28) represents the sands encountered in core
hole ML-12 at about 5-10 ft, or whether it rep-
resents the clayey gravel interval immediately
above the cleaner sandy unit. In any event, the
major feature of this part of the lake is the very
thick, highly resistive interval (203 2-m in fig.
28) that is present from approximately 10 to 30
ft in all three drill holes. Much of this interval
in each hole is characterized by sediments with
density values substantially in excess of 2.0
g/cm3.

These geophysical data, their interpretation
and modeling, plus the lithologic information
obtained from two rotary holes and a core hole
were taken as confirmation that the overall
stratigraphic framework of the playa lake sedi-
ments at Tonopah Test Range could be
deduced in no small part from surface-based
geophysics. The calibration of the geophysical
methods is based on a relatively small number
of soundings, and regions of overall low resis-
tivity (mostly soft materials) were not cali-
brated in a similar fashion. Nevertheless, the
good correlations among the surface-based
geophysics, the downhole geophysics, and the
core descriptions were taken as strong evi-
dence that the application of these surface-
based geophysical methods at Antelope Lake
would be successful in identifying the strati-
graphic framework of the lake.

Drilling

The essentials of the drilling effort at Ante-
lope Lake are identical to the program of core
and rotary drilling at the TTR Main lake,
described beginning on page 18. Two tech-
nique differences involved the design of the
drilling bits used. Although inconsequential to
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the geological results, the differences pro-
foundly affected drilling rates and conse-
quently drilling costs. Therefore, these
differences are described in the following
paragraphs for historical purposes and poten-
tial use in future drilling activities in these
playa lake sediments. A map showing the gen-
eral layout of the drilling program is shown in
figure 29.

Core Bits — The core-bits used in the
Main Lake drilling activity were of a diamond-
impregnated design intended for use in “mod-
erately-hard” formations [fig. 30(a)]. No par-
ticular effort was made in selecting bits for the
Main Lake drilling. In fact, the initial bit was a
re-run bit from a previous drilling job and
because it produced satisfactory results, use of
this style bit was continued. However, early
use of the same diamond-impregnated core bit
at Antelope Lake resulted in extremely slow
advance rates, presumably because of the pres-
ence of dominantly finer-grained and softer
materials in the subsurface of Antelope Lake.
As is relatively standard practice in the drilling
industry when confronted with soft sediments,
a core bit with surface-set, much larger indi-
vidual diamonds in a stepped configuration
was obtained [fig. 30(b)], and the drilling rate
increased significantly.

The effectiveness of the impregnated core
bits at Main Lake is attributed to the presence
throughout much of the stratigraphic interval
drilled of modestly coarse granule and fine-
gravel rock fragments. Apparently, the rotary
motion of the impregnated bit was sufficient to
loosen these coarser clasts from the clayey and
silty matrix, and the tumbling and grinding of
the rock fragments themselves with bit rotation
contributed to the “cutting” of the next incre-
ment of the formation. In contrast at Antelope
Lake, a general absence of granule and fine-
gravel size fractions in the sediment allowed
the dominant clayey and silty materials to clog
the spaces between the fine diamonds distrib-
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Figure 29. Locations of drill holes on Antelope Lake, shown with reference to the TEM profiles. Inset:

aerial photograph of the larger Antelope Lake area. UTM grid, zone 11, in meters, WGS-84
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uted throughout the bit face, leading to much
more difficult removal of material at the cut-
ting surface and slower advance rates. Substi-
tution of the coarse, surface-set diamond bit
provided a more aggressive, jagged cutting
surface, presumably allowing gouging and
removal of strips of fine-grained sediment by
individual diamond points. The stepped
arrangement of the set diamonds probably aug-
mented this aggressive gouging action with
drill string rotation.

Rotary Bits — The rotary bits used at Main
Lake were of a standard toothed-tricone design
[fig. 31(a)], with rotating toothed cones that
are designed to crush a hard rock into frag-
ments, which can then be flushed from the
hole. The design is suitable for moderately
hard and somehwhat soft formations. As with
the coring experience at the Main Lake, the
default bit produced acceptable results at Main
Lake and no further thought was invested in
drilling mechanics. Use of the same bit type at
Antelope Lake produced advance rates that
were inefficient. Drilling rates in the upper 50-
60 ft of the lake were tolerable, but below

these depths, the rate of penetration was com-
pletely unacceptable.

Examination of the tricone bit upon
removal from the first two or three holes indi-
cated that the formation near total depth was a
very soft clay or only slightly silty clay and
that this material was “gummy,” potentially
indicating that this interval is below the static
water table and thus fully saturated. The teeth
of the bit would be completely impacted by
sediment, effectively preventing rotation of the
teeth and “cutting” of the formation. The clay-
plugged tricone mechanism was presenting
essentially a smooth surface to the bottom of
the hole.

We then switched to a completely different
bit design, a design known in the industry as a
drag bit [fig. 31(b])]. Here, elongate, rigid car-
bide-tipped teeth gouge into the soft material,
scraping the bottom of the hole into potentially
cohesive strips of clay that are then flushed
from the hole. This design produced much
improved penetration rates. However, the sedi-
ments near the 100 ft TD of the Antelope Lake

Figure 30. Photographs of different style core bits used during characterization drilling. (a) Diamond-
impregnated bit; (b) surface-set diamond bit with stepped design. Overall HQ-size bit diameter is slightly
larger than 3-%z inches.
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Figure 31. (a) Photograph of a standard tricone drilling bit for use in medium-hard formations; (b)
illustration of a drag bit for use in soft and very soft formations.

holes are sufficiently soft that there was some
tendency for even these drag teeth to become
coated with soft gummy clay.

Downhole Geophysical Logging

Geophysical logging of completed open
holes was similar to that described beginning
on page 19 for the Main Lake drilling activi-
ties. The principal difference involves the
acquisition of an expanded suite of logs. The
density-resistivity tool, with natural gamma
and caliper log employed at the Main Lake,
was run in all Antelope Lake boreholes. Sev-
eral other resistivity-type logs were also run,
partly because of the extensive resistivity-
based surface geophysical investigations that
had already been conducted and partly because
the tools were available from another job at no
extra cost.

The so-called resistivity log consists of
three separate resistivity measurements of the
formation, a measurement of the resistivity of
the fluid in the borehole, and the same natural-
gamma measurement present on the density-
resistivity tool. The several different resistivity
traces are designed to examine the materials at
different distances away from the borehole
wall (see discussion in Appendix G on
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page 225). The natural gamma trace is com-
monly run on many different logging probes to
provide a common basis for correlation among
traces recorded on different logging runs. In
addition, the “SP” trace (for spontaneous
potential or self-potential) was recorded. This
trace measures small currents generated in the
borehole by the (potentially) contrasting salin-
ity of the formation fluids and the drilling
mud. A temperature sensor was present on this
resistivity tool as well, although the useful
information acquired by the temperature log in
this geologic setting was minimal.

The so-called induction log was also run in
several of the holes at Antelope Lake. The
induction log merely measures resistivity as
the inverse of the conductivity of the forma-
tion. The physics of the induction-based mea-
surement is less sensitive to highly conductive
earth materials, but the ultimate portrayal of
the information is essentially the same. Not a
great deal of usable information was generated
solely by the induction traces.

Because it is possible to deduce certain
information regarding mechanical properties
of rock by means of the transmission of sound,
a sonic logging tool was run in virtually all of
the drill holes at Antelope Lake. The sonic tool
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measures a number of quantities, including a
recording of the full waveform of the sonic
impulse recorded at two different positions
along the downhole sonde. However, the basic
quantities of interest included on presentations
of the sonic log are the interval transit time (in
microseconds per foot) and the ubiquitous nat-
ural-gamma correlation trace. The sonic logs
did not always produce usable data as a result
of cycle-skipping that produces unrealistic
interval transit times

RESULTS OF CHARACTERIZATION AT
ANTELOPE LAKE

Surface-Based Geophysics

Several types of electrical geophysical
methods were employed in the initial investi-
gation. The two most useful techniques turned
out to be time-domain electromagnetics
(TEM) and Schlumberger electrical resistivity
soundings (pages 33 and 34, respectively).
Both methods provide estimates of the electri-
cal properties of the subsurface as a function of
depth. However, the resolution of the methods
decreases with increasing depth below the
ground surface, because the signals necessarily
pass through overlying materials thus distort-
ing the measurements of the actual properties
at a specific depth. Essentially all of this dis-
tortion results from selective attenuation of the
higher frequencies at greater depths. On the
positive side, the final interpretation resulted
from a relatively unique joint inversion of the
data from both methods (Sandberg, 1995), thus
reducing the “degrees of freedom” inherent in
any geophysical interpretation.

Two north-south TEM profiles, shown in
figure 32, were run from the interior portion of
the lake toward and actually onto the north-
eastern shore of the lake. An east-west TEM
profile, also represented in figure 32, con-
nected these former profiles and again
extended from the interior of the lake toward
(but not reaching) the eastern shoreline. Verti-
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Figure 32. Locations of the TEM and
Schlumberger (VES) geophysical soundings on
Antelope Lake. Large open circle represents final
target area selection based on the drilling results.

cal electrical resistivity soundings (Schlum-
berger soundings) were executed at a number
of selected TEM positions based upon prelimi-
nary interpretation of the TEM data. These
positions are also shown in figure 32 as the
solid circles coincident with several of the
TEM rectangles.

The final electrical resistivity interpreta-
tion of the TEM and Schlumberger data is
shown in cross-sectional view in figures 33
through 35. The overall impression, discount-
ing some major discontinuities, particularly
obvious in figure 33 that are related to the
presence of inferred faulting and deep percola-
tion of saline (highly conductive) surface
water to depth, is of shoreward thickening of
more resistive materials. This effect is shown
on all three profiles. Conversely, more conduc-
tive materials appear both to thicken and to
climb stratigraphically to shallower depths
toward the center of the lake.
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Figure 34. North-south TEM profile number 3 (east), showing modeled electrical resistivity. Drill holes
approximately located in red. 10x vertical exaggeration.
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Figure 35. East-west TEM profile number 2, showing modeled electrical resistivity. Drill hole
approximately located in red. 10x vertical exaggeration.
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Under the paradigm that conductive mate-
rials contain more pore water than resistive
materials (the electrical properties of the sedi-
mentary particles themselves are generally
considered nearly invariant across a wide vari-
ety of lithologies), the conductive materials in
the center of the lake represent generally fine-
grained sediments, whereas the resistive mate-
rials closer to the shoreline represent coarser
materials. This is the intuitive distribution pat-
tern expected for a depositional basin, but the
geophysical surveys provide actual spatial
positions where these transitions occur. This
conceptual geophysical model, in conjunction
with the surveyed locations of the TEM and
Schlumberger soundings, provided the basis
for the initial phase of the drilling program.
The correlation of the quantity of contained
pore water with grain size in an unsaturated
geological medium, all else being equal, origi-
nates from the fact that capillary forces hold
more water in the smaller spaces between
small particles than can be held in the larger
spaces between large grains. Additionally, the
presence of large, impermeable and low poros-
ity fragments of volcanic rock simply reduces
the volume of empty space available to contain
pore water. This latter mechanism also applies
to sediments within the saturated zone below
the static water table.

The EM-31 data, although of less impor-
tance than the TEM and Schlumberger resis-
tivity data in terms of guiding the drilling
efforts, are rather interesting geologically. The
mapped and interpolated terrain conductivity
data are shown in figure 36, together with the
positions of the TEM-loop profiles for orienta-
tion and comparison with other figures.
Because the use of the EM-31 equipment at
Antelope Lake was a subsidiary, somewhat
experimental effort, the extent of the terrain
conductivity survey does not include the entire
region of interest.

Two particular observations may be drawn
from the admittedly limited areal extent of the
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EM-31 survey. First, and perhaps most promi-
nent, there are five very-high-conductivity lin-
ear features trending from southwest to
northeast across the mapped region. On the
ground, these conductivity highs correspond
precisely to very slightly irregular but promi-
nently linear, shallow depressions (1-3 cm
total relief) on the lake surface (fig. 37). The
width of these depressions is quite variable
[fig. 37(a)]. Subtle changes in color of the surf-
icial clays and mud-crack patterns define the
depressions much more effectively than actual
topographic expression. However, the features
are distinctly linear and GPS surveys along the
centerlines of the depressions (fig. 38) coin-
cide with the color bands shown in figure 36.

At the time of the geophysical survey
(August 2003) and for some time thereafter (a
period of several months), a number of sharply
defined fractures in the lake surface were
located more-or-less in the center of these
depressed linear features. Examples of such
fractures are shown in figure 39(a) and (b). In
addition to the fractures, which measured up to
6 to 9 inches in depth, are sets of irregularly
spaced sinkholes [fig 39(b)]. These sinkholes
are generally circular in plan and conical in
cross section; a small open hole, generally less
than one inch in diameter, may be present in
the center [fig. 39(f)]. Some sinkholes are clus-
tered, and the upper portions of several indi-
vidual sinks may be merged at the level of the
overall ground surface.

The second, less obvious but perhaps more
general observation relevant to the larger prob-
lem of delineating major facies changes in the
subsurface, to be drawn from figure 36
involves the overall changes in terrain conduc-
tivity excluding the linear features. The
mapped conductivity is lowest at the north end
of TEM profile number 1 (see also fig. 32),
and the conductivity values generally increase
toward the south. Note that the strike of the
pronounced change in conductivity from about
15-20 mS/m to 20-30 mS/m (dark blues to
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Figure 36. Map showing results of the bicycle-towed EM-31 terrain conductivity survey. TEM loop
positions shown for reference. Irregular north-south lines represent data-acquisition tracks. Tick marks are
UTM coordinates, zone 11, WGS-84, in meters.
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Figure 37. Linear rivulets on the surface of Antelope Lake (crossed by tire tracks) coincident with linear
high-conductivity zones identified by EM-31 terrain conductivity surveying.

cyan) is essentially parallel to the shoreline of
the lake at this position (fig. 32). A less
marked but definite change in terrain conduc-
tivity values is present from east to west. This
latter change is most evident at a northing of
approximately 4,170,800 m. The values are on
the order of 25 mS/m (cyan) on the eastern
margin of the mapped area and about 35—40
mS/m (green) on the west. Taken in conjunc-
tion with the TEM profile results shown in fig-
ure 35, the impression is of southwestward and
westward increasing conductivity (recall that
resistivity is the inverse of conductivity)
toward the center of the lake

Phase 1 Drilling and Geophysical Logging

The initial objective of the drilling was to
confirm the geophysical interpretation. To do
so, the first several holes were drilled in loca-
tions marked by distinct contrast of the geo-
physical character (figs. 34, 35), but as close to
the TEM profiles as possible so that the mate-
rials being investigated would be essentially
identical. All holes of the Phase 1 drilling were
cored, allowing physical examination of the
sediments, and logged using downhole geo-
physical tools (principally density and resistiv-
ity). Holes were drilled in numerical order (1,
2, 3, ...), and the sequence is emphasized by
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the arrows in figure 40. Although the transition
from Phase 1 drilling to Phase 2 is somewhat
diffusely determined, core holes AL-1 through
AL-4 were “purely” data-validation holes and
holes AL-5 through AL-10 were located to test
the implications of the validated conceptual
geologic model.

Drill hole AL-1 (fig. 40) was located near
the northern limit of the eastern north-south
TEM profile number 3 in a region of generally
highly resistive materials (figs. 34 and 36).
The hole encountered almost continuous sands
and “gravels” (sand plus granules) below a
near-surface clayey interval roughly 12 ft
thick. However, even this fine-grained surface
unit is interrupted by a 2-ft granule-bearing
horizon at a depth of 4-6 ft.

Drill hole AL-3 (hole AL-2 was abandoned
for mechanical reasons) was drilled roughly
600 m to the south of AL-1 (fig. 40) along the
same TEM profile number 3. The position was
selected to be south of a major change in the
TEM resistivities (fig. 34) that suggested a
marked thinning of the resistive section (loss
of coarse material). This expectation is pre-
cisely what was observed both in the core and
geophysical logs. The very-near-surface coarse
layer is absent, and the “surficial” silty clay
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Figure 39. Photographs of cracks and sinkholes on the surface of Antelope Lake, located along linear
shallow topographic depressions coincident with linear high conductivity zones identified by EM-31 terrain
conductivity surveying. (a) and (b) Two examples of long fractures, exhibiting en-echelon patterns. Ellipse
in (b) outlines a cluster of small sinkholes. (c) and (d) Collapse sink located along a linear fracture; note
“fresh,” recent appearance of sink margin and walls. Scale in cm. (e) and (f) Smooth-sided, conical sinks
that probably served as drains for standing water. Sink in (d) has a (currently) closed bottom; sink in (e)
leads to a 2-3-cm vertical hole of undetermined depth. Circled object in (e) is a hotel-type key for scale.
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Figure 40. Location map of Phase 1 core holes
AL-1 through AL-10. Succession of drilling to test
first the geophysical data and then the geophysical
interpretations is emphasized by the arrows. Circle
indicates final target area selection. See figure 29
for relative spatial position on the lake.

unit extends to roughly 20 ft below ground
level. A 20-ft-thick coarse-clastic layer is
present from about 20 to 40 ft, whereafter the
drill hole was in soft conductive clays and silty
clays.

Drill hole AL-4 (fig. 40) was then drilled at
the intersection of the western north-south
TEM profile number 1 with the east-west pro-
file number 2 (figs. 33 and 35). The geophysi-
cal interpretation (shown best in fig. 35)
suggested that this hole should contain rela-
tively little coarse-grained resistive materials.
Indeed, the core indicated fine-grained silty
clays to a depth of about 24 feet, underlain by
a much thinner (~10 ft) coarse interval from 24
to 34 ft, and uniformly fine-grained materials
thereafter.

We took the successful drilling of these
three holes (discounting the abandoned AL-2)
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as validation of the geophysical data them-
selves. We then struck out to test the broader
implications of the geophysically derived con-
ceptual model that suggested that coarse mate-
rials should die out toward the west (and also
to the south). AL-5 was boldly located about
300 m west and south of hole AL-3 in an effort
to disprove this interpretation. However, the
core from AL-5 indicated virtually no coarse
grained material whatsoever. It should be
noted that at approximately the time of drilling
AL-4 and AL-5, the TTR site contractor was
recovering an air-dropped test assembly from a
location mostly west of and slightly north of
core hole AL-4 (fig. 40). They had encoun-
tered sandy material at roughly the same depth
as we did in AL-4, and thus our pre-drilling
bias for AL-5 was to move southward rather
than northward.

Drill holes AL-6 and AL-7 were stepped
out nearly due south of AL-5 by about 300 m
each. Neither of these holes contained core
with coarse-grained sediment. Then, seeking
to use the TEM data of figure 33, we stepped
about 200 m to the east of AL-7 and drilled
AL-8 with similar results: no coarse materials.

We then drilled core hole AL-9 some 400
m to the north of AL-8, attempting to begin
outlining the desired 500-m-diameter target
region. However, AL-9 contained a thin sandy
unit from about 30-34 ft, enclosed within oth-
erwise purely fine-grained sediments. This
unit appeared to be identical in character to
(but thinner than) the intervals observed in
AL-4 and the unit-recovery pit. Note that drill
holes AL-8 and -9 are also located along the
western north-south TEM profile, as indicated
on figure 29. However, by the time these two
holes were drilled, we were no longer validat-
ing the geophysical data, strictly speaking.

Although we could have backed off toward
AL-8 to locate the feather edge of this sandy
unit, drilling costs were running higher than
expected, and thus we observed that “west is
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Figure 41. Stratigraphic cross section of initial core hole showing loss of coarse clastic materials (“hard”) away from shoreline of Antelope Lake.
Left-hand part of each log shows schematic representation of core; right-hand portion shows MG resistivity log in red and density log in black;
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dominantly sand are shown in yellow; particularly coarse gravels shown in orange.



better” and stepped a similar 400 m to the west
and drilled AL-10. This hole encountered no
coarse materials, thus confirming the implica-
tions of the conceptual geologic model for
Antelope Lake.

The results of this sequential exploration
process are portrayed graphically using strati-
graphic cross sections in figures 41 and 42. For
each drill hole, the left-hand portion of the
graphic presents a schematic representation of
the core description, whereas the right-hand
portion presents two of the geophysical logs
using a constant measurement scale (though
the scales are different for the two different
curves). The overall changes in lithology as
the drilling program progressed are quite obvi-
ous using this style of presentation.

Figure 41 presents the first six core holes
(abandoned hole AL-2 excluded) and the geo-
logic and geophysical logs displayed for each
hole convey the same information described in
the preceding paragraphs. Figure 42 is a simi-
lar stratigraphic cross section that captures the
efforts to outline the target area and begin the
grid-drilling part of the program. This section
repeats drill hole AL-3 and then jumps to AL-9
and to AL-10 (fig. 40). Reencountering the
thin sandy interval at ~30 ft in AL-9 and the
absence of this sand in hole AL-10 is
represented.

Sands and granule-bearing beds (“hard”
materials) are depicted by yellow overprint,
whereas intervals that are dominated by silt
and clay are shown in grey. The grain size of
the sediments are shown schematically by the
stipple and “clast” patterns. Larger and/or
more closely spaced symbols represent larger
grains and smaller and/or more widely spaced
symbols represent finer-grained sediments.
The addition of short horizontal lines to an oth-
erwise yellow pattern indicates the presence of
silt-sized material. In a similar manner, pat-
terns added to the grey intervals indicate
admixtures of materials coarser than clay. The
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use of only horizontal lines indicates the pres-
ence of relatively “pure” clay. A dot-dash pat-
tern indicates a silty clay, and a grey stipple
pattern indicates a slightly sandy clay. An
orange overprint indicates a particularly coarse
granule bed or an actual “gravel,” with clast
sizes exceeding 4 mm.

The red geophysical log curve is the resis-
tivity trace, plotted on a two-decade logarith-
mic scale from 3 to 300 Q2-m; resistivity
increases from left to right. This increase typi-
cally corresponds to an increase in grain size.
The black trace is the density log; it is plotted
on a linear scale varying from 1.5 to 2.5 g/cm3
from left to right. The center line of the graph
represents a density of 2.0 g/cm?, and intervals
for which the density exceeds this value have
been highlighted with red overprint. The log
scales are identical across all logs, so that the
relative positioning of the curves for different
holes actually indicates more or less dense, or
more or less resistive, intervals when compar-
ing different drill holes.

Phase 2 Drilling and Geophysical Logging

Phase 2 drilling activities consisted simply
of drilling a grid of holes, shown in figure 43,
on 100-m centers in an effort to demonstrate
than no coarse-grained layers exist within the
bounds formed by successful core holes AL-6,
AL-7, and AL-10. Some adjustments to the
100-m spacing were required by the presence
of (successful) Phase-1 hole AL-6 off-grid and
by a desire to ensure the coarse layer of
(unsuccessful) Phase-1 hole AL-9 did not
extend into the grid area. This latter test was
accomplished via hole AL-13, which was suc-
cessful in finding only fine-grained materials.

Because of budgetary considerations and
actual costs associated with coring, almost all
Phase 2 holes were drilled using rotary meth-
ods (no core). Geophysical logs from all
Phase 2 holes are extremely “bland” by com-
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Figure 42. Stratigraphic cross section of initial core hole showing loss of coarse clastic materials (“hard”) away from shoreline of Antelope Lake.
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Figure 43. Location map of Phase 2 drill holes and
complimentary Phase 1 drill holes constituting the
confirmatory grid for the defined target area (circle
= 500-m diameter). Slightly larger symbols in green
represent core holes.

parison to those from the initial holes (AL-1
through AL-4/AL-5), suggesting relative
homogeneity of conductive, low-density,
“soft” sediments.

An exception to the rotary drilling decision
was hole AL-28, which was partially cored,
recovering material for laboratory testing from
the uppermost part of the lake sediments. Cor-
ing and rotary drilling rates in this upper part
of the lake section were generally quite accept-
able. However, the lowermost 40 ft or so of
each hole had been identified as extremely soft
and gummy, and the clay-rich materials consis-
tently clogged both the core bit and the rotary
bit. Penetration rates dropped markedly in this
deeper interval, and costs increased accord-
ingly. Drill hole AL-28 was converted from
core to rotary at a depth of approximately 66.5
ft. The positioning of AL-28 provided core
material from the extreme southwestern part of
the by-now well-defined 500-m target area.
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The complete final drilling pattern is
shown in figure 44. Note that drill hole AL-34
is located immediately adjacent to the impact
location for the drop test known as 7D-2 (Tog-
ami , 2002).

Figures 45 and 46 portray the subsurface
geology of the grid-drilling-cum-target region
through east-west and north-south strati-
graphic cross sections (respectively). These
illustrations are quite similar to figures 41 and
42 in manner of presentation, only all but one
of the drill holes are rotary. Thus, there is no
core description for the majority of drill holes.
Figure 45 presents the west-to-east profile, as
that cross section contains core hole AL-6.

There are two principal observations to be
drawn from figures 45 and 46. First, there is
essentially no “hard” material that exceeds a
density of 2.0 g/cm? within the selected target
area. Second, the resistivity log from all drill
holes is essentially featureless. A distinct
increase in resistivity may be observed over
the last five or so feet beneath the ground sur-
face, but this would be expected as a result of
drying of the very-near-surface sediments to
the moisture content of the Nevada desert air.

The core hole included in the cross section
of figure 45 clearly indicates that the litholo-
gies associated with the featureless resistivity
trace are exclusively clayey. There are some
silty-clay (3237 ft) and even sandy-clay (82 ft
—TD) intervals indicated, but these are not suf-
ficiently coarse that the resistivity (“moisture”)
profile is affected. Compare these resistivity
traces, all of which are virtually identical, to
the resistivity traces shown in figures 41 and
42, where the core samples indicate very sig-
nificant coarse clastic (“hard”’) material. The
density profiles, with the presence/absence of
materials of density greater than 2.0 g/cm3,
reflect the same major differences in sediment

type.
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Rock Mechanics Data for the Antelope Lake
Area

The use of rotary drilling for the majority
of holes constituting the confirmatory grid lim-
its the amount of core that is available for sam-
pling and material-properties testing.
However, the combination of confirmation of
surface geophysics by the core and downhole
geophysical logs and the confirmation of the
downhole geophysics by the core across a
broad spectrum of lithologies from very coarse
to fine strongly suggested that the geophysical
logs would be a sufficient indicator of suitable
materials.

We sampled the available core with two
objectives that were believed compatible with
definition of a suitable test area and aim point.
(1) We collected samples of the “hardest”
material in each core hole within and adjacent
to the 500-m-diameter test area. Typically, this
was done using the most dense interval on the
geophysical log, but physical hardness deter-
mined with a knife blade was also considered.
(2) We also collected some samples of coarser-
grained materials from holes farther away
from the test region.

The object was to collect material that
would both yield “worst-case” compressive
strengths and provide a crude correlation
between the geophysical-log signatures and
lab-measured material properties. If the identi-
fiably hardest/densest/coarsest materials from
within the grid-defined test region did not pose
a problem for penetration as determined by
numerical calculations (e.g., cavity-expansion
models; Longcope, 1990), then presumably the
softer materials inferred elsewhere in the sec-
tion via downhole geophysics should not
either. Laboratory test results for the selected
core specimens are reported in Appendix 1.
However, it should be noted that the average of
the properties reported by the rock-mechanics
laboratory may overestimate the overall
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strength of the bulk of the materials within the
target region.

DISCUSSION OF ANTELOPE LAKE GEOLOGY

Antelope Lake represents a much larger
area than the Main Lake, and the drilling inten-
sity is significantly less (about half). There-
fore, the geology of the subsurface of Antelope
is in some ways much less well characterized
than Main lake. However, to some extent, what
is known about the subsurface geology of
Antelope Lake suggests that the depositional
system may be somewhat simpler, and that
more meaningful geologic information is
known than suggested only by the drilling sta-
tistics.

In distinct contrast to the lithologies
encountered at the Main Lake, the bulk of the
material sampled by the Antelope Lake drill-
ing program is fine grained. With the excep-
tion of the coarse granule to fine-gravel
deposits found in drill holes AL-1 and AL-3,
virtually no truly coarse-grained sediments,
equivalent to those from the Main Lake, were
encountered; refer to the stratigraphic cross
sections of figures 41 and 42. Admittedly
thoug, we benefitted from the prior knowledge
provided by the surface geophysical surveys,
and thus we targeted the drill holes away from
regions inferred to contain coarse grained sedi-
ments.

It is also noteworthy that the shallow por-
tion of the sediments in Antelope Lake are dis-
proportionately finer grained than the shallow
portion of the sediments at Main Lake.
Although fine-grained materials may be
present at Main Lake at untested depths
between 40 and 100 ft below the known coarse
sediments (see fig. 27 on page 39), the shal-
low, 0- to 40-ft, interval at Antelope Lake is
exceptionally fine grained as well. With the
exception of hole AL-1, drilled almost at the
shoreline of the lake, no sediments coarser
than a silty or sandy clay were encountered
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anywhere in the upper 20 ft of the lake bed.
The proposed target region ultimately defined
by the Antelope Lake drilling program appears
to contain only fine grained sediments to the
entire depth tested.

Although it is not particularly relevant to
the selection of a target region on Antelope
Lake, the large-scale fracturing observed on
the surface of the lake — and in the surface
geophysical data — is rather interesting. There
is a very consistent northeast trend to the
observed and mapped fractures (fig. 38). Addi-
tionally, these are not shallow features, as indi-
cated by the high-conductivity expression of
the one fracture/fault captured in the TEM pro-
file of figure 33. The fact that numerous small
sinkholes appear to have drained non-trivial
quantities of fluid at some point during the
recent history of these fracture features sug-
gests a modestly deep-seated nature as well.
The drainage of relatively saline water from
the lake surface to depth is completely consis-
tent with the conductive electromagnetic char-
acter of the fault in figure 33.

Another set of observations of the sedi-
ments forming Antelope Lake is interesting as

well. During the drilling of a number of AL-
series holes, fractures were observed to open
up extending directly through the drill hole.
Figure 47(a) presents a particularly spectacular
example of one of these drilling-induced frac-
tures. Figure 47(b) shows a similar fracture
exhibiting en-echelon offset. Some of these
drill-hole-related fractures extended many tens
of feet; one was paced off as approximately
100 ft long, and it extended on both sides of
the drill hole. In one case, a fracture inter-
sected the mud pit adjacent to the drill rig and
fluid flowed from the pit into the drill hole via
the fracture.

These drilling-induced fractures cannot be
shallow features either. The substantial lateral
extent, and in particular, the tectonic-like en
echelon offset patterns [fig. 47(b)] argue that
these features represent some more deep-
seated stress pattern present in the lake sedi-
ments. Additionally, many of the Antelope
Lake drill holes lost substantial quantities of
drilling mud during operations. This fluid must
have gone “somewhere,” and the ease and
quantity of the losses suggests a large volume
of non-matrix-porosity-related open space in
the subsurface. Some of these holes may be

Figure 47. Fracture induced by drilling vibrations extending away from a drill hole on Antelope Lake. (a)
Close-up view showing centimeter-scale width of fracture; (b) En-echelon fracture patterns of a drilling-
induced fracture (centimeter scale is circled).
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identified in the geophysical log profiles of
Appendix G, as the logs for which the density
and/or resistivity traces terminate some dis-
tance below the collar of the hole. These par-
tial traces represent holes in which the fluid
level, at the time of logging, was markedly
below the ground surface. Other holes lost
fluid as well, but the wellbores were refilled
prior to or during logging. No significant fluid
losses of any kind were encountered in the
Main Lake drill holes.

SUMMARY AND CONCLUSIONS

Subsurface geological characterization
activities have been conducted at two large
playa lakes on the Tonopah Test Range in cen-
tral Nevada. These characterization activities
were intended to provide basic stratigraphic-
framework information regarding the lateral
distribution of “hard” and “soft” materials,
using both geophysical-log information and
macroscopic lithologic data as surrogates for
mechanical strength properties. Some labora-
tory mechanical data have been obtained on
specimens selected from continuous wireline
core in a small number of holes.

Downhole geophysical logging was used
successfully at both Antelope Lake and the
Main Lake to interpret geology. Softer, finer-
grained sediments exhibit low density and gen-
erally low resistivity characteristics. Con-
versely, harder, coarser-grained sediments tend
to exhibit higher densities and higher resistivi-
ties. These are the interpretations of the sur-
face-based geophysical measurements as well.
The correlation is not perfect, but the recovery
of core on which the correlations are based is
not perfect either. Thus, some amount of dis-
agreement between the logged core and the
logged petrophysical properties may be attrib-
utable to core loss and resulting uncertainty
regarding the true depth position of the recov-
ered core.

62 Summary and Conclusions

Some 90 rotary and core holes were drilled
across the southern half of the Main Lake,
which is located near the northern boundary of
the test range. Systematic grid drilling to a
consistent depth of approximately 40 feet has
identified a large complex of interbedded very
coarse-grained sediment with finer grained
sands, silts, and clays in the eastern portion of
the investigated region. The hardest materials
comprise clayey granule- (2—4 mm) and fine-
pebble- (4-8 mm) bearing sediments, in which
siliceous volcanic clasts are in grain-supported
contact.

Densities of these coarser-grained materi-
als below the surface of the Main Lake, as
determined through downhole geophysical
logging are invariably in excess of 2.0 g/crn3,
and frequently in excess of 2.1 g/em?. The cor-
relation of density with lithology and ‘“‘hard-
ness” allows the use of non-cored rotary
drilling for greater areal coverage. The dense,
coarse-grained deposits of the Main Lake
appear to be located more in the eastern part of
the lake. The number and thickness of high-
density intervals decreases toward the west
and somewhat to the northwest.

A shallow unit of quite fine grained silty
clays is present in the upper 6 to 10 ft of the
Main Lake. This material appears relatively
uniform throughout the investigated region,
and it is probably related to the more recent
history of the modern playa. Some thin, harder
intervals have been identified by a previous
cone-penetrometer survey close to the south-
ern shoreline of the modern lake within this
more shallow unit.

Antelope Lake, located approximately 10
miles to the south of Main Lake, has been
investigated using a two-stage study. Initially,
surface-based geophysical methods were used
to identify the approximate overall distribution
of major lithologic facies. Electrical methods
were used to distinguish conductive regions
(inferred to be clay rich and therefore “soft”)
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from resistive regions (inferred to be coarser
grained and therefore “hard”). Joint inversion
of time-domain electromagnetic profiles and
galvanic resistivity soundings produced good
results and provided the basis for an initial
drilling effort. Frequency domain electromag-
netic surveying (a terrain conductivity survey)
was used on an experimental basis and pro-
vided corroborating information.

The initial phase of drilling on Antelope
Lake was targeted to confirm specific geo-
physical interpretations at locations coincident
with selected surface-based measurements.
Following successful confirmation of local
measurements, the initial phase of drilling was
expanded to test the more general, geophysi-
cal-based, conceptual model of the lake. These
drill holes led to preliminary selection of a
region for delineation drilling in a second
phase.

Delineation drilling was conducted on a
grid and was targeted at defining a region, at
least 500 m in diameter of more or less exclu-
sively “soft” low-density, high-conductivity
materials, that could be used as a target region
for air-dropped penetrator events. The delinea-
tion drilling was successful, and the overall
geophysical model of the lake is considered
validated. The center of the 500-ft diameter
area is located at approximately UTM coordi-
nates 529,100 meters East, 4,170,200 meters
North, WGS-84.

For both Main Lake and Antelope Lake,
the eastern portions of the lake appear to con-
tain more coarse-grained material. The coarser
clasts are almost exclusively volcanic in ori-
gin. The westernmost margins of neither lake
were sampled, but the extent of drilling toward
the western shorelines of the modern lakes is
sufficient to suggest that coarse-grained mate-
rials are much more restricted on this western
side of the modern lakes. To some extent, this
observation is consistent with a gross struc-

December 2004

tural position of the modern playas on a major
down-to-the west Basin-and-Range fault
block.
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INTRODUCTION

This appendix provides additional detailed
information about the results of geological
characterization from the initial investigations
in the vicinity of the test assembly that trig-
gered this overall project. This initial phase of
characterization consisted of drilling core
holes ML-1, ML-2, and ML-3. All core was
logged geologically, but no geophysical logs
were obtained (see also the note on page 22
and figure 10). We include photographs of all
core from all three holes, as well as photo-
graphs and discussion of specific features
observed in the core that are relevant to the
issue of the “hard layer” that cause internal
failure of the test unit.

The full-core photographs are presented in
figures A-1 through A-12. In each figure, the
core boxes contain a nominal 10 feet of core in
five rows of 2 feet each. The physical length of
core is generally less, as “natural” breaks in
the core were used to divide the core into rows
wherever possible. The core “reads like a
book,” from left to right and from top to bot-
tom of the photograhs. The red and blue stripes
indicate “up,” as red is on the right when visu-
alizing the core in its original vertical position
in the ground. The labeled wooden core blocks
mark the known depths of drilling breaks
between core runs. Interpreted even-foot
depths have been marked on the core wherever
the physical condition of the core allowed.

Figures A-13 through A-18 illustrate spe-
cific features relevant to the identification of
the so-called second hard layer. Figure A-13
presents images of material more-or-less typi-
cal of the upper, clay-rich portion of the Main
Lake sedimentary section. The clays and silty
clays are laminated locally [fig. A-13(b)], and
the dessication cracking displayed in the pho-
tographs is typical of bentonitic muds. Bento-
nite is a generic term for any of a number of
similar expandable-layer clays that adsorb into
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and release water molecules from within the
layered clay-mineral structure.

Figure A-14 shows two examples of gran-
ule-bearing sediments from below the soft,
clay-rich upper unit. This is the interval fre-
quently termed the “first hard layer,” and it
probably corresponds to something close to the
“depth of refusal” described in the cone-pene-
trometer study. Note that this material appears
to have been sufficiently hard that the diamond
core bit cut through the individual volcanic
clasts (white objects) and that the core retains a
relatively perfect cylindrical form. The photo-
graphs are from holes ML-1 and ML-3.

Photograhs of the so-called “second hard
layer, the principal focus of this overall inves-
tigation, are presented in figure A-15. The gen-
eral impression of the material type is nearly
identical to that of the first hard layer from fig-
ure A-14. Coarse sand and small granules, in
white or very light colors, are dispersed in a
more brownish, silty and clay-rich matrix. The
material in all three core holes is essentially
identical.

Whereas it is somewhat difficult to deter-
mine macroscopically whether the volcanic
clasts in the core shown in figures A-14 and A-
15 are in grain-to-grain contact, thus forming a
rigid framework, it is clear that the “pea grav-
els” shown in figure A-16 are in such contact.
These latter photographs, which represent
material present in all three core holes, clearly
indicate the close-packed nature of the hard
volcanic clasts. Part of this visibility is because
the circulating drilling mud has washed away
some of the silt and clay from the outside of
the core in this interval at 25-26-ft depths, thus
exposing the internal fabric of the core.

Figure A-17 is a photograph from a less-
granule-rich and more sandy interval, in the
general vicinity of the first hard layer. The core
is from a depth of ~15 ft in core hole ML-10.
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Although this material is not from the immedi-
ate ML-1-ML-3 location, the image is fairly
typical of the “sands” encountered in the sub-
surface of the Main Lake. A photograph show-
ing clearly the relatively uniform size
distribution of the coarse volcanic granules is
presented in figure A-18. In this image, the
mud matrix of an interval, probably just
slightly higher in the hole, has been washed
away by the circulating drilling mud, allowing
the heavier granules to be concentrated, here
loose on the surface of the underlying core.
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Figure A-1 Photograph of core from drill hole ML-1, 0 to 11.5 feet.
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Figure A-2 Photograph of core from drill hole ML-1, 11.5 to 20.0 feet.
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Figure A-4 Photograph of core from drill hole ML-1, 30.0 to 40.5 ft

(TD).
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Figure A-5

Photograph of core from drill hole ML-2, 0 to 13.0 ft.
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Figure A-6 Photograph of core from drill hole ML-2, 13.0 to 24.5 ft.
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Figure A-7 Photograph of core from drill hole ML-2, 24.5 to 34.0 ft.
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Figure A-8 Photograph of core from drill hole ML-2, 34.0 to 39.0 ft (TD).



002 Joquadaq

1IN BIOH [114@ J0 ANuIdIA ay3 ui ABojoas :y xipuaddy

L.

e e

Figure A-9 Photograph of core from drill hole ML-3, 0 to 11.0 ft.
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Figure A-11 Photograph of core from drillhole ML-3, 20.5 to 29.0 ft. The parallel striations from ~20-23 ft are from the core-catcher, the spring-like
device that holds the core in the inner tube of the core barrel during retrieval
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Figure A-12 Photograph of core from drill hole ML-3, 29.0 to 39.0 ft
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Figure A-13 Photographs of core showing the “soft” upper, clay-rich portion of the lake sediments. Dessi-
cation cracking is typical of sediments containing bentonitic (expandable-layer) clays. (a) ML-1, ~3 ft; (b)
ML-3, ~4 ft. Core trays are approximately 2 inches wide.
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Figure A-14 Photographs of core from the so-called “first hard layer.” (a) Drill hole ML-1, ~13 ft; (b) drill
hole ML-3, ~12 ft. Core trays are approximately 2 inches wide.
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Figure A-15 Photographs of material characteristic of the so-called “second hard layer.” (a) ML-1, ~21-23
ft; (b) ML-2, ~21-23 ft; (c) ML-3, ~21-23 ft. Note that the mud-rich core is sufficiently hard that the volcanic
clasts have been cut by the diamond core bit (compare to fig. A-16).
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Figure A-16 Photographs of core showing the granule-rich, probably clast-supported “pea-gravel” layer.
(a) ML-1, 25 ft; (b) ML-2, ~25 ft; (c) ML-3, ~26 ft. . Core trays are approximately 2 inches wide.
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Figure A-17 Photograph of a more sand-rich portion of the “second hard layer” at ~16 ft in
drill hole ML-10.
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Figure A-18 Photograph showing loose volcanic-clast granules on the surface of an oth-
erwise mud-rich interval of core from drill hole ML-3, ~37 ft.
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INTRODUCTION

This appendix contains the collar coordi-
nates of all holes drilled on the Tonopah Test
Range Main Lake. Locations are reported in
latitude and longitude, UTM coordinates, and
Nevada state plane coordinate system eastings
and northings. Note that the geographic datum
used for latitude/longitude and the UTM coor-
dinates (WGS-84) is different than that for the
Nevada state plane system (NAD-27). Use of
coordinate values from one datum with refer-
ence to another datum can result in errors of up
to several hundred feet.

The collar locations were surveyed using a

Trimble Pro XRS global positioning satellite
(GPS) receiver using real-time correction sig-
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nals, either from the Wide-Area Augmentation
System (WAAS) or beacon signals, probably
transmitted by the military. WAAS corrections
are generally considered of lower precision
than beacon corrections, although the differ-
ence is most likely to be meaningless for pur-
poses of drill hole location in the field. The
GPS equipment records locations in native
WGS-84 latitude and longitude, but can export
the data in virtually any desired coordinate
system.

Core holes on the Main Lake are identified
by the prefix, ML-, whereas non-cored (rotary)
holes are prefixed by MLR-. The two types of
drill holes are tabulated separately in tables B-
1 and B-2.
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Table B-1: Drill hole locations for cored holes drilled on the Main Lake
[Geographic coordinates are WGS-84 values by Global Positioning Satellite. UTM coordinates are WGS-84, Zone 11. State Plane Coordinates are Nevada
Coordinate System, Central Zone, NAD-27]

Depth Latitude  Longitude  UTMEast UTMNorth Horizontal GPS Vertical  State Plane  State Plane ., ion
Hole Id Precision  Elevation Precision East North

(ft) (degrees) (degrees) (m) (m) (m) (m) (m) (ft) (ft) (ft)
ML-1 405 37.838000818 -116.723846162  4187976.9 524298.5 0.36 1626.4 0.51 1124421 483747 5336
ML-2  39.0 37.838935246 -116.723891924  4187980.7 524294.5 0.53 1625.4 0.84 1124433 483733 5333
ML-3 39.0 37.838840791 -116.723872593  4187970.2 524296.2 0.39 1626.5 0.51 1124399 483739 5337
ML-4  40.0 37.841795821 -116.728160427  4188297.0 523918.0 0.31 1626.0 0.52 1125476 482502 5335
ML-5  39.0 37.840960143 -116.722994069  4188205.6 524372.8 0.63 1624.5 0.70 1125170 483993 5330
ML-6 414 37.841783620 -116.719484988  4188297.9 524681.3 0.57 1626.4 0.90 1125470 485007 5336
ML-7  41.0 37.839307783 -116.717790406  4188023.6 524831.2 0.39 1625.6 0.60 1124568 485495 5333
ML-8 40.0 37.843427200 -116.716042356  4188481.2 524983.7 0.59 1626.5 1.41 1126068 486001 5336
ML-9  45.0 37.842623001 -116.733388528  4188387.4 523457.7 0.37 1624.4 0.67 1125778 480992 5330
ML-10 404 37.839317954 -116.733387317  4188020.7 523458.9 0.35 1625.2 0.50 1124574 480992 5332
ML-11 248 37.836821076 -116.728192540  4187745.0 523916.8 0.37 1624.2 0.55 1123664 482491 5329
ML-12 415 37.837692884 -116.724693711  4187842.7 524224.4 0.42 1625.2 0.68 1123981 483502 5332
ML-13 404 37.839310349 -116.722970704  4188022.6 524375.4 0.43 1624.9 0.69 1124570 484000 5331
ML-14  41.0 37.840149856 -116.726464722  4188114.8 524067.7 0.42 1624.8 0.68 1124876 482991 5331
ML-15 412 37.839303090 -116.729910776  4188020.0 523764.8 0.41 1624.5 0.65 1124568 481996 5330
ML-16  40.0 37.838082747 -116.722120047  4187886.6 524450.7 0.41 1625.0 0.61 1124123 484245 5331
ML-17  40.0 37.838909644 -116.722108820 41879783 524451.4 0.42 1626.7 0.62 1124424 484248 5337
ML-18  40.0 37.839708627 -116.723841509  4188066.5 524298.7 0.42 1626.4 0.64 1124715 483748 5336
ML-19  40.0 37.838059790 -116.723777191  4187883.6 524304.9 0.42 1626.7 0.65 1124114 483766 5337
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Table B-2: Drill hole locations for rotary holes drilled on the Main Lake
[Geographic coordinates are WGS-84 values by Global Positioning Satellite. UTM coordinates are WGS-84, Zone 11. State Plane Coordinates are Nevada
Coordinate System, Central Zone, NAD-27]

Depth Latitude  Longitude  UTMEast UTMNorth lorizontal  GPS Vertical  State Plane  State Plane g, ;o
Hole Id Precision  Elevation Precision East North

(ft) (degrees) (degrees) (m) (m) (m) (m) (m) (ft) (ft) (ft)
MLR-1  40.6 37.839318647 -116.719527900  4188024.4 524678.4 0.32 1625.8 0.51 1124572 484994 5334
MLR-2  40.0 37.840922926 -116.719463794  4188202.4 524683.5 0.59 1626.8 0.66 1125156 485013 5338
MLR-3  40.0 37.840919987 -116.721228559  4188201.6 524528.2 0.60 1627.0 0.66 1125155 484503 5338
MLR-4  40.0 37.841784178 -116.721232669  4188297.5 524527.5 0.60 1624.4 0.66 1125470 484502 5330
MLR-5  40.0 37.841787052 -116.722965396  4188297.4 524375.1 0.61 1624.6 0.67 1125471 484002 5330
MLR-6  40.0 37.841756178 -116.724770814  4188293.5 524216.2 0.63 1626.2 0.70 1125461 483480 5336
MLR-7  40.0 37.841769103 -116.726462596  4188294.5 524067.4 0.62 1626.3 0.69 1125466 482992 5336
MLR-8  40.0 37.840969606 -116.726451014  4188205.8 524068.7 0.63 1625.4 0.72 1125174 482995 5333
MLR-9  40.0 37.840954793 -116.724727354  4188204.6 524220.3 0.63 1625.2 0.72 1125169 483493 5332
MLR-10  40.0 37.840960436 -116.728209078  4188204.3 523914.0 0.64 1626.6 0.73 1125171 482487 5337
MLR-11  40.0 37.840951090 -116.729931239  4188202.8 523762.5 0.60 1625.6 0.74 1125168 481990 5334
MLR-12  40.0 37.840947647 -116.731639048  4188202.0 523612.2 0.60 1625.2 0.74 1125167 481497 5332
MLR-13  40.0 37.840958406 -116.733363867  4188202.8 523460.4 0.60 1624.9 0.74 1125172 480999 5331
MLR-14  40.0 37.840125429 -116.733387090  4188110.3 523458.6 0.30 1624.6 0.48 1124868 480992 5330
MLR-15  40.0 37.840134986 -116.731629204  4188111.8 523613.3 0.30 1625.0 0.47 1124872 481500 5332
MLR-16  40.0 37.840189997 -116.729867178  4188118.4 523768.3 0.30 1623.7 0.46 1124891 482008 5327
MLR-17  40.0 37.840152025 -116.723030741  4188115.9 524369.9 0.37 1623.7 0.57 1124876 483982 5327
MLR-18 40.0 37.840131746 -116.721245043  4188114.1 524527.0 0.37 1624.7 0.56 1124868 484498 5331
MLR-19  40.0 37.840130568 -116.719517197  4188114.5 524679.0 0.35 1626.0 0.51 1124868 484997 5335
MLR-20  40.0 37.839308206 -116.721229352  4188022.8 524528.7 0.44 1625.5 0.74 1124569 484502 5333
MLR-21  40.0 37.838499514 -116.719513902  4187933.5 524679.9 0.39 1626.5 0.65 1124274 484998 5336
MLR-22  40.0 37.837654290 -116.719517225  4187839.7 524679.9 0.37 1626.5 0.66 1123966 484996 5337
MLR-23  40.0 37.840110562 -116.728186728  4188110.0 523916.2 0.39 1624.8 0.60 1124862 482494 5331
MLR-24  40.0 37.839324810 -116.728162302  4188022.8 523918.6 0.38 1624.7 0.59 1124576 482500 5331
MLR-25 40.0 37.838471507 -116.728181082  4187928.1 523917.2 0.47 1623.6 0.72 1124265 482495 5327
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Table B-2: Drill hole locations for rotary holes drilled on the Main Lake (continued)
[Geographic coordinates are WGS-84 values by Global Positioning Satellite. UTM coordinates are WGS-84, Zone 11. State Plane Coordinates are Nevada
Coordinate System, Central Zone, NAD-27]

Depth Latitude  Longitude  UTMEast UTMNorth lorizontal  GPS Vertical  State Plane  State Plane g, ;o
Hole Id Precision  Elevation Precision East North

(ft) (degrees) (degrees) (m) (m) (m) (m) (m) (ft) (ft) (ft)
MLR-26  40.0 37.837650343 -116.728121773  4187837.1 523922.7 0.38 1624.6 0.57 1123966 482512 5330
MLR-27 40.0 37.836821781 -116.729911373  4187744.7 523765.5 0.37 1624.4 0.54 1123665 481995 5330
MLR-28 40.0 37.837656252 -116.729860142  4187837.3 523769.8 0.46 1624.6 0.65 1123969 482010 5330
MLR-29  40.0 37.838487797 -116.729902849  4187929.5 523765.7 0.45 1624.8 0.64 1124271 481998 5331
MLR-30 40.0 37.839326046 -116.731664441  4188022.1 523610.5 0.43 1625.3 0.60 1124577 481489 5332
MLR-31  40.0 37.838532451 -116.731633721  4187934.0 523613.4 0.43 1622.7 0.59 1124288 481498 5324
MLR-32  40.0 37.837645634 -116.731622980  4187835.6 523614.7 0.43 1625.9 0.59 1123965 481501 5335
MLR-33  40.0 37.836857787 -116.731648655 41877482 523612.7 0.42 1624.6 0.57 1123678 481493 5330
MLR-34  40.0 37.836841781 -116.733380470  4187746.0 523460.3 0.34 1624.8 0.50 1123673 480993 5331
MLR-35 40.0 37.837671594 -116.733338772  4187838.1 523463.7 0.34 1625.2 0.50 1123975 481005 5332
MLR-36  40.0 37.838469050 -116.733337413  4187926.6 523463.5 0.28 1625.5 0.44 1124265 481006 5333
MLR-37 40.0 37.838481741 -116.726413527  4187929.7 524072.8 0.32 1625.5 0.44 1124269 483005 5333
MLR-38  40.0 37.839306605 -116.726424507  4188021.3 524071.5 0.32 1625.5 0.44 1124569 483002 5333
MLR-39  40.0 37.837678860 -116.726423123  4187840.7 524072.2 0.32 1625.6 0.44 1123976 483002 5334
MLR-40  40.0 37.836824408 -116.726441704  4187745.8 524070.8 0.35 1627.2 0.51 1123665 482997 5339
MLR-41  40.0 37.836829703 -116.724755768  4187746.9 524219.2 0.42 1624.9 0.67 1123667 483484 5331
MLR-42  40.0 37.838453040 -116.724670489  4187927.0 524226.2 0.41 1623.4 0.65 1124258 483509 5326
MLR-43  40.0 37.839304628 -116.724681019  4188021.5 524224.9 0.40 1624.8 0.63 1124568 483506 5331
MLR-44  40.0 37.838885439 -116.723765986  4187975.2 524305.6 0.32 1625.1 0.45 1124415 483770 5332
MLR-45 40.0 37.836771728 -116.722973038  4187740.9 524376.1 0.34 1627.4 0.50 1123645 483998 5340
MLR-46  40.0 37.837629951 -116.722998079  4187836.1 524373.6 0.33 1626.0 0.47 1123958 483991 5335
MLR-47 40.0 37.838472308 -116.722965004  4187929.6 524376.2 0.34 1625.5 0.49 1124265 484001 5333
MLR-48 40.0 37.838484508 -116.721256463  4187931.4 524526.5 0.36 1625.2 0.51 1124269 484494 5332
MLR-49  40.0 37.836806854 -116.721224308  4187745.3 524529.9 0.40 1624.6 0.56 1123658 484503 5330
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Table B-2: Drill hole locations for rotary holes drilled on the Main Lake (continued)
[Geographic coordinates are WGS-84 values by Global Positioning Satellite. UTM coordinates are WGS-84, Zone 11. State Plane Coordinates are Nevada
Coordinate System, Central Zone, NAD-27]

Depth Latitude  Longitude  UTMEast UTMNorth lorizontal  GPS Vertical  State Plane  State Plane g, ;o
Hole Id Precision  Elevation Precision East North

(ft) (degrees) (degrees) (m) (m) (m) (m) (m) (ft) (ft) (ft)
MLR-50 40.0 37.837662838 -116.721277980  4187840.2 524524.9 0.40 1624.7 0.55 1123970 484488 5331
MLR-51 40.0 37.837631259 -116.717851545  4187837.6 524826.4 0.36 1625.7 0.54 1123957 485477 5334
MLR-52  40.0 37.838505593 -116.717807714  4187934.6 524830.0 0.37 1625.5 0.56 1124276 485490 5333
MLR-53  40.0 37.840279166 -116.717831129  4188131.4 524827.3 0.36 1626.2 0.55 1124922 485484 5335
MLR-54  40.0 37.840954745 -116.717828719  4188206.4 524827.3 0.37 1624.1 0.56 1125168 485485 5329
MLR-55 40.0 37.841724207 -116.717816019  4188291.7 524828.2 0.37 1627.0 0.58 1125448 485488 5338
MLR-56 40.0 37.842599229 -116.717789028  4188388.8 524830.3 0.38 1625.0 0.59 1125766 485496 5332
MLR-57 40.0 37.842601328 -116.719530014  4188388.6 524677.1 0.41 1625.8 0.65 1125767 484994 5334
MLR-58 40.0 37.839329446 -116.735130978  4188021.6 523305.5 0.77 1626.8 1.62 1124579 480488 5337
MLR-59  40.0 37.838480549 -116.735059178  4187927.4 523312.0 0.34 1623.7 0.56 1124270 480509 5327
MLR-60 40.0 37.837664143 -116.735018615  4187836.8 523315.9 0.33 1624.1 0.55 1123973 480520 5329
MLR-61 40.0 37.838472625 -116.736791543  4187926.1 523159.6 0.31 1625.5 0.53 1124267 480008 5333
MLR-62  40.0 37.839345314 -116.736846617  4188022.9 523154.5 0.33 1624.1 0.52 1124585 479993 5329
MLR-63  40.0 37.837649718 -116.736758614  4187834.8 523162.8 0.32 1624.7 0.53 1123968 480018 5331
MLR-64 40.0 37.836835746 -116.736694953  4187744.5 523168.6 0.32 1624.1 0.54 1123671 480036 5329
MLR-65 40.0 37.836841736 -116.734964488  4187745.6 523320.9 033 1623.7 0.55 1123673 480536 5327
MLR-66 40.0 37.840160735 -116.735197650  4188113.8 523299.3 0.40 1624.4 0.70 1124882 480469 5329
MLR-67 40.0 37.840162447 -116.736893149  4188113.6 523150.1 0.36 1625.7 0.53 1124883 479980 5334
MLR-68 40.0 37.841756004 -116.733346561  4188291.3 523461.7 0.42 1622.8 0.78 1125462 481004 5324
MLR-69 40.0 37.841717114 -116.731639522  4188287.4 523611.9 0.50 1624.5 0.86 1125448 481497 5330
MLR-70  40.0 37.841777855 -116.729881731  4188294.6 523766.5 0.50 1624.7 0.84 1125469 482004 5331
MLR-71  40.0 37.840205727 -116.724709693  4188121.5 524222.1 0.49 1624.1 0.80 1124896 483498 5329
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INTRODUCTION

This appendix contains graphical presenta-
tions of the geophysical logs that were
acquired from the Main Lake drill holes, both
core and rotary. Both types of holes were
logged in an identical fashion. The contractor
for the geophysical logging was Century Geo-
physical Corporation of Tulsa Oklahoma, a
well-known geophysical contractor with capa-
bilities for logging “slim-hole” (vs. oil-well-
sized) boreholes.

THE LoG DATA

The digital data were recorded in the field
at 0.1-ft intervals, with depths measured in
feet. The traces included in the displays are:

1. Density (g/cm3)

2. Natural gamma (API units)

3. “MicroGuard” resistivity! (ohm-
meters)

4. Caliper (inches)

5. Bit size (inches).

The digital data underlying these displays
are contained on the CD-R in the pocket in the
rear of this report in two formats. Modern log-
ging data are recorded digitally and typically
reported to the client company in LA4S (log-
ASCII standard) format. This format, which is
in ASCII plain text (human readable), contains
not only the curve measurements themselves,
but also a number of informational fields con-
taining data about the well itself, the location,
and the specific types of logging tool(s) used
in recording the log. A number of log-plotting
software programs are capable of reading LAS-
format files directly. The log data are also

1. MicroGuard appears to be a Century Geophysi-
cal Corporation name for their particular ver-
sion of a focused resistivity tool. Focusing
narrows the vertical extent of the resistivity
investigation, providing better resolution of thin
beds; see also page 225.

December 2004

included in simple tabular form, again as
ASCII text; these files are suitable for import
and further manipulation in any of a number of
spreadsheet-type programs such as Microsoft
Excel®. Additional information regarding the
LAS format and well logs in general may be
found at http://www.spwla.org (the Society of
Professional Well Log Analysts).

Data Processing

All of the displayed logs are presented in
raw format on the figures that follow. How-
ever, two of the traces, natural gamma and
density, were processed to smooth the curve
and the processed data are also presented on
the log figures. Smoothing can reduce both
natural variability and some noise that may be
present in the raw information, thereby
improving the ability to represent the more
geologically important features of the log.

In the case of the natural-gamma trace, the
tool is measuring principally gamma rays from
naturally occurring potassium-40 in certain
feldspars and in clays. These levels are quite
low, and because the size of the detector crys-
tal that can fit in a slim-hole logging probe
roughly 2 inches in diameter is fairly small, the
counting statistics are less than optimal. The
data are therefore inherently somewhat noisy.
The density trace is also a nuclear tool subject
to statistical counting variation. In this case,
however, the radiation is an artificial field pro-
duced by a relatively intense source, and the
counting variations are much reduced com-
pared to those for the natural gamma curve.
This relative variation is obvious on the vari-
ous figures in the comparison of the raw and
smoothed traces. In contrast, the electrical
measurements, here the MicroGuard resistiv-
ity, are of a physical phenomenon that is on-
going and essentially steady-state in the bore-
hole. These measurements are not subject to
counting statistical variation.
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Both smoothed logs were generated by
what is essentially a 9-point running average
of the raw information. Presentation of both
raw and smoothed curves on the figures allows
the reader to examine the relationship and to
draw conclusions as to whether important
information may have been lost in the smooth-
ing process.

DiSCuUsSION

The log data are shown in figures C-1
through C-86. Note that the right-hand column
of each log is a repeat of the density data with
density values greater than 2.00 g/cm3 shaded
red. Density values of 2.0 appear to be associ-
ated with much coarser materials — granules
and pebbles of siliceous volcanic rock. Pure
silica (“quartz”) has a density of approxi-
mately 2.67 g/cm’. It is these materials that
appeared from initial work based on ML-1,
ML-2, and ML-3 to correlate with the high-g
loads encountered by the drop-test instrumen-
tation that triggered this entire subsurface
investigation (see page 13). For rotary holes
from which there are no lithologic samples, a
somewhat arbitrary threshold value density
equal to 2.00 appeared to define “hard” layers
that should be avoided in future air-dropped
testing activities.

Data Quality

In general, the logs recorded at the Main
Lake are of high quality. Borehole conditions
were generally excellent and in-gauge, as indi-
cated by the caliper log and the nominal bore-
hole (bit) size. The density log, in particular is
affected by rugose conditions in the borehole.
Some downhole density tools are compensated
for some degree of borehole rugosity via the
caliper, but the tools employed in this survey
did not have that capability. Therefore, it is
essential to consider off-nominal borehole size
in evaluating the density results. Note that the
core holes and the rotary holes are of different

98 Geophysical Logs for Drill Holes on the Main Lake

diameters, as the core holes were not reamed
to the larger hole size.

However, to a large extent, the density tool
is more sensitive to short-scale variation in
hole size than to broad changes over extended
depths. This short-scale sensitivity is because
wash-outs on a scale of a few inches to a few
feet cause the radioactive source and/or the
detector to separate from the borehole wall,
thereby losing contact withe rock. This poten-
tially allows gamma radiation to pass directly
from the source to the detector and not to be
attenuated by transit through the rock mass —
the basis for the density determination. If the
changes in borehole diameter are sufficiently
gradual compared to the length of the logging
tool (roughly 10 ft in this case), the logging
sonde can accommodate itself to the enlarged
diameter (up to the limits of the caliper arm
that presses the sonde against the rock) and the
measurements are not affected. In no case at
the Main Lake were the drill holes sufficiently
washed out that the caliper log exceeded its
calibration.

Missing Data

No geophysical logs exist for core holes
ML-1, ML-2, and ML-3. These holes were
drilled on a very tight-turn-around basis to
obtain geologic information regarding the
cause of a specific flight-test failure. The
remaining holes were part of a planned pro-
gram that provided for the logistics necessary
to have the geophysical contractor on-site.
Rotary drill hole ML-44, however, was drilled
as close as judged prudent to the location of
ML-1 (about 25 ft). Therefore, we display the
lithologic information from hole ML-1 on fig-
ure C-59 for reference.

Additionally, there is no geophysical log
for rotary hole MLR-40. Either this hole was
never logged in the crush of on-going field
activities or the data have been lost. Data were
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transferred from the logging contractor to San-
dia in the field via 3-1/2 inch floppy disks at
the end of most days. If only one hole were
logged during the day, it might have been pos-
sible either not to transfer the data to a disk
thinking to combine it with the next day’s
work (and then never doing that) or to have a
single disk become lost physically at a later
time.

Separately, all the geophysical logs contain
some missing data, if for no other reason than
that the data files contain the depth values for
all recorded curves. Because different record-
ing sensors are positioned physically at differ-
ent locations on the sonde itself, the higher
sensors are not capable of making measure-
ments at greater or shallower depths in the hole
than at which the they can be positioned. Addi-

52 g“‘“%;g: Granules
2~ & Fine Gravel

Granules

Sand

December 2004

Lithologic Symbols

tionally, the log-recording equipment may
determine that some readings are un-physical
as a result of the raw signals being processed,
and thus may not output reduced data for that
depth. Missing values are typically coded as —
999.25 in LAS files and such values are typi-
cally “clipped” on the plots.

Sand, Coarse —_E_—Q—i—:—@ Clayey Sand

| Sand, Medium [T

lsand =B Sandly Clay
Sand, Fine ___: Silty Clay
Silty Sand %EEEEEEEE Clay
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Figure C-7 Geophysical logs for drill hole ML-10
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Figure C-10 Geophysical logs for drill hole ML-13
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laboratorkes | oahTestRange  Northing: 484503 ft MR- Denstiyles
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
L Vo
C .
I (‘9‘ =
T 5 \ X R
T )
10— <
=g \\.
4 ¢ P
L s
I Iq Tl
4 b
C P
20 —__6 \>
T iy
iz . 't
iz J
30 i
C b
—10
40 12 B

Figure C-19 Geophysical logs for drill hole MLR-3
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National
Laboratories

Main Lake
Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed: 10/15/02
Easting: 1125470 f13 Sources:
Northing: 484502 ft MLR-4_Density. las

Hole: MLR-4

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
T
T (H (‘--...

TN AN

I o S,
.
b

LV

%
T e

Figure C-20 Geophysical logs for drill hole MLR-4
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Main Lake Location: Nev.SPCS, NAD-27 Completed: 10/15/02 Hole: MLR-5
Project Easting: 1125471 ft Sources:
Tonopah TestRange  Northing: 484002 ft MER-T Desticles

1.5 Density, g/lem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5

5 ohm-m 500 i : .

100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25

O ___BitSize 10
N

Figure C-21 Geophysical logs for drill hole MLR-5
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Main La ke Location: NEVSPCS, MNAD-27 Comp|eted: 10/15/02
Project Easting: 1125461 ft Sources:
Tonopah Test Range Northing: 483480 ft MER-6 Density las

Hole: MLR-6

1.5 Density, glem*3 2.5

. 100 Gamma, API 300 MG hResiStiVity 1.5 Raw Density 2.5
s o i .
= 8 100 Raw Gamma 200 = enm 500 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0——0 =
i e
L \N—
I e
B g
_—2 it .
I N
10-f il ¢
L 7
C A ,(
Fa s
4 w
+ L
20 __:—6 ‘::
C -
Ia |
L X
B ¢
30— T
Nl l.\
___ . ‘
4012

Figure C-22 Geophysical logs for drill hole MLR-6
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/15/02 Hole: MLR-7
Rational ; Project Easting: 1125466 ft Sources:
laboratories | oah TestRange  Northing: 482992 ft MIR-7 Penstlyjes
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
+ ¢
IE \\
- < )
:__2 ‘\}‘ \
C e -
L f
10 - G ‘Z\___“
4 5 ‘
_E 4"5
206 /
I; iis
L '
8 £
T T
30 N
i 8 eatl]
40— 12

Figure C-23 Geophysical logs for drill hole MLR-7
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/15/02 Hole: MLR-8
Rational ; Project Easting: 1125174 ft Sources:
Laboratories Northing: 482995 ft MR Bepiiples
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
C et
_: H>
1 2 b —\\ _-\\
ol i
d B b N
C e s Vi
10 _: {“‘h... s<“'\ <""--..
= 5 \ >
I
E y
= !
20 6 ~ ?
__ \.‘1
C )
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== P,
___8 f’-.) ﬁ
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30— .
iy 10 _‘-) i ]
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Figure C-24 Geophysical logs for drill hole MLR-8
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Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed: 10/15/02
Easting: 1125169 ft Sources:
Northing: 483493 ft MLR-9_Density.las

Hole: MLR-9

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
—
N 7y
\ \-...)
J'f’ g
s <
‘\ <k‘_\
S [ ——
<
>
< ;
/?
¥ JEE
P
2 i
.‘:: i =
<
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Figure C-25 Geophysical logs for drill hole MLR-9
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Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed: 10/16/02
Easting: 1125171 ft Sources:
Northing: 482487 ft MLR-10_Density. las

Hole: MLR-10

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
{
\
'\\ L
b 4
L b
reill] .
i "
3 j
(r"‘ '_:.;;
£ £
I e A
T ‘i\ <
A 4 )
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A
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> A R\
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Figure C-26 Geophysical logs for drill hole MLR-10
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/16/02 Hole: MLR-11
Rational ; Project Easting: 1125168 ft Sources:
laboratorkes | oah TestRange  Northing: 481990 ft MRL) Bensity /s
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
A ki sotarit | | S
ke X N \
I > \
i pall
10 — Al
= 1 N o)
" 4 . N,
i &
i > D,
i, .‘______/ #_r
_: o :?,_....---
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2016 2
N i : .':iis:.j
_E r? f .
T :
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e / 7
I < & &
T2 \
40 — 7 ;

Figure C-27 Geophysical logs for drill hole MLR-11
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Main Lake Location: Nev.SPCS, NAD-27 Completed: 10/16,/02 Hole: MLR-12
Project Easting: 1125167 ft Sources:
Tonopah Test Range Northfng: 481497 ft MLF-12_Density.las
1.5 Density, g/lem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohrri-m 500 i : .
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
- Bit Size 10
<
\ e
A
g 7
> -4 4
i - ~
<‘_‘_“ l\b { ‘\\

—_nv\ /r

-
o™ _#_,)
4l .
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e \h
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S
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P e 1

Figure C-28 Geophysical logs for drill hole MLR-12
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Main Lake
Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed: 10/16/02
Easting: 1125172 ft Sources:
Northing: 480999 ft MLR-13_Density. las

Hole: MLR-13

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
sy
N
'\\.\ {
N y
\"""'--.._ \H
__? 2
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Figure C-29 Geophysical logs for drill hole MLR-13
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Project
Tonopah Test Range

Easting: 1124868 ft Sources:
Northing: 480992 ft

10/17/02

MLR-14_Density. las

Hole: MLR-14

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g 1 Bit Size 10
4
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Figure C-30 Geophysical logs for drill hole MLR-14




o€l

@) UIey a8y} uo S3JoH |14 40} sBoT |eaisAydoan

002 Joquiadaq

@ Sandia Main Lake
National Project
Laboraton J

Tonopah Test Range

Easting: 1124872 ft Sources:

Northing: 418500 ft

MLR-15_Density. las

Hole: MLR-15

1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
0 Bit Size 10
0—0
IL ¢
C N
t T | | -
=2
s > &
L W
10| ‘ \“5
- L. }
g L
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206 ]
= 7 9 e
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Figure C-31 Geophysical logs for drill hole MLR-15
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/17/02 Hole: MLR-16
National Project Easting: 1124891 ft Sources:
laboratories . oahTestRange  Northing: 482008 ft MR Pepsriydas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s o - 5
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
00 = -
+ {"
B N\
C N
2 i
T B!
E: 2
10— i L
_: h"""-—-—.z --..l
_—_4 r: P
- N~
C L -
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Figure C-32 Geophysical logs for drill hole MLR-16
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Main Lake Location: Nev.SPCS, NAD-27 Completed: 10/17/02 Hole: MLR-17
Project Easting: 1124876 ft Sources:
Tonopah TestRange  Northing: 483982 ft MR Pepsiiyies
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
O ___BitSize 10
r/
\
{ ¥ ¥,
\ = =
:’r /
*\L
ﬂ*":
P
‘\-.
v}
L)

Faw

U/

Figure C-33 Geophysical logs for drill hole MLR-17
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/18/02 Hole: MLR-18
Rational ; Project Easting: 1124868 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 484498 ft M:‘.:Q-I&'_DBHSW)/. fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
+ .
C At
I -
10 —F <
C A~
4
_: \;
206 e
B o,
Fq |2
- BEES
e P ______7
30— il
10 )
40— 12

Figure C-34 Geophysical logs for drill hole MLR-18
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Main Lake Location: Nev.SPCS, NAD-27 Completed: 10/18/02 Hole: MLR-19
Project Easting: 1124868 ft Sources:
Tonopah TestRange  Northing: 484997 ft MRS Pesifyias
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohrr-m 500 ? : .
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
¢
Sl
\ Wﬁ.
J 5
-“:n..
4 .
s L
= ~
_,._._.-—---'-"'": = .--""L
< !.::
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L RN
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Figure C-35 Geophysical logs for drill hole MLR-19
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/18/02 Hole: MLR-20
National Project Easting: 1124569 ft Sources:
Lahoraioris Northing: 484502 ft MRS Penaiiydos
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
_E )
- =
- &
_—2 N
+ < <
10 - " <
_: r My
4 ¢
i { “
' \ g
C -
_F6 4
20— il = -
B \.\
e . 5
L /
i L np
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30 _: A 'L
JI= ¥
—10 f R
_E . }

Figure C-36 Geophysical logs for drill hole MLR-20




9€l

@) UIey a8y} uo S3JoH |14 40} sBoT |eaisAydoan

002 Joquiadaq

Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 10/18/02 Hole: MLR-21
Rational ; Project Easting: 1124274 ft Sources:
laboratorkes | oah TestRange  Northing: 484998 ft MLR-2L Densylns
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
s T
C I
i R ]
L M
E e ~
T2 X
b 2
10— A S ¢
B < ™~
4 I
i ™~
C ‘_______...---""'J
o it ( C\.'
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C e
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Figure C-37 Geophysical logs for drill hole MLR-21
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Main Lake Location: Nev.SPCS, NAD-27 Completed:
Project Easting: 1123966 ft Sources:
Tonopah Test Range Northing: 484996 ft

10/21/02

MLR-22_Density.las

Hole: MLR-22

1.5 Density, glem*3 2.5

_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
0—0
+ <
L \ﬁ.‘
i e
fE 5 B _-_\.,,__& a2
e 2! :
10 _F df .. ?{ ?{
s > \1 —
C 4 7 %
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Figure C-38 Geophysical logs for drill hole MLR-22
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-23
Rational ; Project Easting: 1124862 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 482494 f+ MLR-'?'?—D‘?HSN‘V' fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s Qo - x
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
00 y
L ¢
C N\
— \\ [
: N 1}
.0 t
i }
10 - ~ | —
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Figure C-39 Geophysical logs for drill hole MLR-23
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-24
Rational ; Project Easting: 1124576 ft Sources:
laboratories | oahTestRange  Northing: 482500 ft B2 Densiydos
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
C P
< {
it \\
L A
- I -
£ o .
Lz L] )
10-f < *
. Povimind| o
F B L
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Figure C-40 Geophysical logs for drill hole MLR-24
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-25
Rational ; Project Easting: 1124265 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 482495 ft M:‘.R-25_Densrfy. fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
£ o - .
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
00 =
e {
B <
i N
b l\ ol
2 ) S8
I 1= L
10 - (,- T
4 A
C L
Y 5 b
A1 t
L 7 -
206 ¢
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Figure C-41 Geophysical logs for drill hole MLR-25
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Hole: MLR-26

15 Density>2.0 25

National Project Easting: 1123966 ft Sources:
laboratorkés . oah TestRange  Northing: 482512 ft HeR-20, Densdiydos
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o
2 100 Raw Gamma 300 Geology o caliper, in 10
L Bit Size 10
0—0
LT <\h o
—2 ~
s .
10 —f 2
= <“\
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C L
I; it
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- g
30 -
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Figure C-42 Geophysical logs for drill hole MLR-26
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Main Lake
Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed: 11/01/02
Easting: 1123665 ft Sources:
Northing: 481995 ft MLR-27_Density.las

Hole: MLR-27

(ft)
Depth

o

48]

B

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
T
\ | T
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L
<“"—’5
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Figure C-43 Geophysical logs for drill hole MLR-27
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-28
Rational ; Project Easting: 1123969 ft Sources:
laboratorkes | oah TestRange  Northing: 482010 ft HeR-2B Pensiyder
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s Qo - x
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
00
- \\
[ Y .
T £
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¥ Pl
4
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L e 7
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Figure C-44 Geophysical logs for drill hole MLR-28
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-29
Rational ; Project Easting: 1124271 ft Sources:
Laboratories Northing: 481998 ft MR LdDennliyler
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
i ¢
C “\"‘\ L
___2 ."/ Jl
C A e
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Figure C-45 Geophysical logs for drill hole MLR-29
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Main Lake Location: Nev.SPCS, NAD-27 Completed: 10/29/02 Hole: MLR-30
Project Easting: 1124577 ft Sources:

Tonopah Test Range Nﬂﬂhfng.' 481489 ft MLR-30_Density. fas

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5

5 ohrr-m 500 ? : .

100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25

L Bit Size 10

5
'\\\
e =

s
N ha
\
) _
Bt ok
. < Ca

b1 I
r :3
= {
<)

7

Figure C-46 Geophysical logs for drill hole MLR-30
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-31
Rational ; Project Easting: 1124288 ft Sources:
Lahoraioris Northing: 481498 ft M-l Pesiiyies
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
T g
L ™N
e = i
[ e
10 -f < N
L \
4 P
I { -
B ’> ¢
_: L4
206 B, 2
- ¥ 5
= ‘
C ""“; \)
___8 '\-....,__
+ 5}
30 < f
C i
10 g
5 f/
7 v
e <
442 \

Figure C-47 Geophysical logs for drill hole MLR-31
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-32
National Project Easting: 1123965 ft Sources:
laboratorkes . oah TestRange  Northing: 481501 i MR- Densiiydes
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
L “‘\L
L 5
B H
2 %
Ji o Ty
10— :'
::_4 1"// 5 ]
i ) >
&z !
_+6 N
D T ‘“b
I %l
£ N
8 />
- N <
B <
30 L )
e ) 2
I - 1
I ,__/"'/
i /
40 12 /

Figure C-48 Geophysical logs for drill hole MLR-32
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-33
National Project Easting: 1123678 ft Sources:
Lahoraioris Northing: 481493 ft 50 pensyclas
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
; i
C \ <
2 N 1
£ ? \\'--.. o
el {5 >
= L4
i 5
4 M
C g il
i M .
i’ 14 Vid
B \ N
6 \ 3
20 T jin z
1 <:‘Hf <:: g
_:_8 <:)) <>
L / <‘\.
30— :j;
10 )
5 E
B -
40 12

Figure C-49 Geophysical logs for drill hole MLR-33
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-34
National Project Easting: 1123673 ft Sources:
laboratorkes | oah TestRange  Northing: 480993 ft MIR-34 Donsliyles
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
- ]
_—_2 (f
I s/ T—
10 - ’/"
- 3 <
__—4 4 ‘>
- <:: -
2 : <
4 it D
206 . L
F \ ¢
C < <
[ i ,:)
___8 & ‘\j
in 4 ;
30 LS §
i I <
10
40 12

Figure C-50 Geophysical logs for drill hole MLR-34
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National
Laboratories

Main La ke Location: NEVSPCS, MNAD-27 Comp|eted: 10/29/02
Project Easting: 1123975 ft Sources:
Tonopah Test Range Northing: 481005 ft MLR-35_Density.las

Hole: MLR-35

1.5 Density, glem*3 2.5

_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
O Bit Size 10
0—0
I ‘\\
t -
::—2 “'--..\
___4 -
i ’ IF
i [
C ( Jn=
T [~ S Rl
L f _/h
206 - —
I > <“-..,
& ] <>
Fa D D
B a >
T ¢ L
30—+ ~ -
i ¢ ~
40 12 > :

Figure C-51 Geophysical logs for drill hole MLR-35
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-36
Rational ; Project Easting: 1124265 ft Sources:
Lahoraioris Northing: 481006 ft HeR-20.Densydos
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
+ (
T “\2
_:—2 L\) (\_1\
10— ¢ 'l
L \
T N
g /
= s
206 I P —
C { 2
A 1"\-\ D
Fq - >
B { el
AL 2 ‘\5
L )
30— = <
i 2 h)
— 10 S
+ {
i P
- &
40 12 2

Figure C-52 Geophysical logs for drill hole MLR-36
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-37
National Project Easting: 1124269 ft Sources:

(ft)

Depth

8 (o=} (o)} = [\ o
o

-
3]

100 Gamma, APl 300

1.5 Density, glem*3 2.5

MG hRe-sistivity 15 Raw Density 2.5
5 ohm-m 500 : ; ;
100 Raw Gamma 300 Geology o caliper, in 10 15 Density>2.0 25
L Bit Size 10
da-—

\V/

X
b
n"'"'l)
¢
* i
™
£
\\\
_4";
1iil
r
{
\'h-
)

Figure C-53 Geophysical logs for drill hole MLR-37
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National
Laboratories

Main Lake
Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed: 10/29/02
Easting: 1124569 ft+ Sources:
Northing: 483002 ft MLR-38_Density.las

Hole: MLR-38

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 Geolo = = .
100 Raw Gamma 300 9Y 0 caliper, in 10 15 Density>20 25
g 1 Bit Size 10
Jr.
’
\
A
)
¢
u" Pl
‘F
h.\S
P
{
5
{J
|
D )
il C
M_::s g )
< .
= ;
§ ;
N ! &
'\... i | -\-\.
12 ’
‘§< <.\

Figure C-54 Geophysical logs for drill hole MLR-38
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 10/29/02 Hole: MLR-39
National Project Easting: 1123976 ft Sources:
Lahoraioris Northing: 483002 ft MR- Pensiiyles
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
I - ;
_—_2 ‘P [
10— ) —
r )
4 (
+ /(
& H et
206 5
s \Z
B ~
__8 ,"‘
i3 (L
30 fi
C q
10
40 12 B

Figure C-55 Geophysical logs for drill hole MLR-39
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Hole: MLR-41

(ft)
Depth

8 (o=} (o)} = [\ o
o

-
3]

15 Density>2.0

25

Main La ke Location: NEVSPCS, NAD-27 Completed: 11/01/02
Project Easting: 1123667 ft Sources:

Tonopah TestRange  Northing: 483484 ft HeR=L Pensiiyies

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohrr-m 500 ; .

100 Raw Gamma 300 Geology o caliper, in 10

0 Bit Size 10

\I\ iy

et

X

Py

W )

Figure C-56 Geophysical logs for drill hole MLR-41




961

@) UIey a8y} uo S3JoH |14 40} sBoT |eaisAydoan

002 Joquiadaq

Sandia Main Lake Location: Nev.SPCS, NAD-27  Completed: 11/01/02 Hole: MLR-42
Rational ; Project Easting: 1124258 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 483509 ft MLR-%?_D‘?HSN‘V' fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
0—0 —
T il
e {\
: ®
> <
i e
10 — ‘(\\
=g T
4 7
20 6 b
C J)
- [
:: 8 ‘;-
I D
b 4
10 i
40 12

Figure C-57 Geophysical logs for drill hole MLR-42
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Sandia Main Lake Location: Nev.SPCS, NAD-27  Completed: 11/01/02 Hole: MLR-43
Rational ; Project Easting: 1124568 ft Sources:
laboratorkes | oah TestRange  Northing: 483506 ft MRS Densiydes
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
LT ‘L
C b
E ‘\:
I \"\&
10—+ I >
=g A c""“'\
4 \?
206 )j
_E I'-‘/
Fq X
30 <::" ‘
i >
—10 g
40 12 X

Figure C-58 Geophysical logs for drill hole MLR-43
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Sandia Main Lake Location: Nev.SPCS, NAD-27  Completed: 11/01/02 Hole: MLR-44
Rational ; Project Easting: 1124415 ft Sources:
laboratorkes . oahTestRange  Northing: 483770 fi HeRL Pensiydos
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
0—0 . e
L e — i
o o — —
- N\ = = | |
I ! N N
2 7 |
T L
10 — <
T I
T4 [ s
206 5
F il
—8 \
30— B )
I P
— 10 -
40 12

Figure C-59 Geophysical logs for drill hole ML-44. Hole MLR-44 is a rotary hole but the geology is shown for nearby core hole ML-1.
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&
National
Laboratories

Main Lake
Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed:  11/05/02
Easting: 1123645 ft Sources:
Northing: 483998 ft MLR-45_Density.las

Hole: MLR-45

(ft)
Depth

8 (o=} (o)} = [\ o
o

-
3]

100 Gamma, API

300

100 Raw Gamma

300

1.5 Density, glem*3 2.5

1.5 Density > 2.0

25

MG hRe-sistivity 15 Raw Density 2.5
2 enmm 500 Geology ¢ caliper, in 10
0 Bit Size 10

N

'

N X

.

"‘u\.\/u"\r\‘\f

Y

Figure C-60 Geophysical logs for drill hole MLR-45
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@ Sandia Main Lake
National Project
Laboraton J

Tonopah Test Range

Easting: 1123958 ft Sources:

Northing: 483991 ft

MLR-46_Density.las

Hole: MLR-46

1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
I By}
- { e
+ P o
-2 ’ ~
Ji- ? {
10 — {,_/ EE.'
4 J Y
T P
206 12 <
s \
i g
A 8 D
is "
2
30 —L <
10 5
_E S Aq
40 _F 12 B

Figure C-61 Geophysical logs for drill hole MLR-46
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 11/05/02 Hole: MLR-47
Rational ; Project Easting: 1124265 ft Sources:
Lahoraioris Northing: 484001 ft MRS Pensiylos
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
010 =g 7
_: L%
: 2. T
=2
iy ,S \>
10— v Y
= o ha
_: ) )
4 -2 q
_E d‘—’l
T <
206 3
B i“‘
___8 ’J“~
i (L
30 _: Ihl
Nl D
— 10 5
—E L L] fﬁ" i
w012

Figure C-62 Geophysical logs for drill hole MLR-47
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 11/05/02 Hole: MLR-48
National Project Easting: 1124269 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 484494 f+ M:‘.R-‘i&'_.{)ensrfy. fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s o - 5
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
D___D I
I+ &
[ \'"‘"!u-_
B {3
£ 5 I
2 i bl
T Pat 2
10 — S~ S~
F B 2
- -’_d’
i ( |
& / ’
I ¢ €
C b
206 !
C By
- byl
i i)
—8 A
T 4
L & c
L -~
30— <
10
40— 12

Figure C-63 Geophysical logs for drill hole MLR-48
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(ft)
Depth

= [\ o

@D

Main Lake Location: Nev.SPCS, NAD-27 Completed:  11/06/02 Hole: MLR-49
Project Easting: 1123658 ft Sources:
Tonopah TestRange  Northing: 484503 ft MR Pensiyles
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 ? : .
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
0 Bit Size 10

i

oy

STl

'Y

e

Figure C-64 Geophysical logs for drill hole MLR-49
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 11/06/02 Hole: MLR-50
National Project Easting: 1123970 ft Sources:
laboratorkes | oahTestRange  Northing: 484488 i HeR-B0, Densiiydos
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
_: b ;
=B ( ...> T
b S &
-2 J it
- ¢
10— P “"
= ci‘-‘
i >
T g
_: ‘:
206 3
C M
b 1t
g c:'."':
30 L __
10 B
40— 12

Figure C-65 Geophysical logs for drill hole MLR-50
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&
National
Laboratories

Main Lake
Project
Tonopah Test Range

Location: Nev.SPCS, NAD-27 Completed:  11/07/02
Easting: 1123957 ft Sources:
Northing: 485477 ft MLR-51_Density. las

Hole: MLR-51

(ft)
Depth

o

48]

B

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 Ll 500 Geolo — i
100 Raw Gamma 300 9Y 0 caliper, in 10 15 Density>20 25
L Bit Size 10
<

LR =y

L o

LT

gt

Figure C-66 Geophysical logs for drill hole MLR-51
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National
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(ft)
Depth

= [\ o

@D

Main Lake Location: Nev.SPCS, NAD-27 Completed: 11/07/02 Hole: MLR-52
Project Easting: 1124276 ft Sources:
Tonopah Test Range Nﬂﬂhfng.' 485490 ft MLR-52_Density. fas
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohrr-m 500 ? : .
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
vef]l
¥
AN

{

it
;

Ay

Figure C-67 Geophysical logs for drill hole MLR-52
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(ft)
Depth

= [\ o

@D

Main Lake Location: Nev.SPCS, NAD-27 Completed: 11/07/02 Hole: MLR-53
Project Easting: 1124922 ft Sources:
Tonopah TestRange  Northing: 485484 ft HeR-E% Densiydos
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
him- :
100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
T {’
ot <
= e
-’S_’ ....,'J"“;?::
. Nl
e o
:E' |
<>\
A
l\
N
<~“
:
\‘-“.-""‘-h
\’

Figure C-68 Geophysical logs for drill hole MLR-53
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Sandia Main Lake Location: Nev.SPCS,NAD-27  Completed: 11/08/02 Hole: MLR-54
Rational ; Project Easting: 1125168 ft Sources:
Lahoraioris Northing: 485485 ft HeR-B4 Densiiydos
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0 7
+ 4
_E & Y
=2 24 z
s o S
10-f = ~
___4 "‘\_____.
206 (‘>
- i
A =
. 8
I i
30— :
10 i
40— 12

Figure C-69 Geophysical logs for drill hole MLR-54
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(ft)
Depth

= [\ o

@D

Main Lake Location: Nev.SPCS, NAD-27 Completed: 11/08/02 Hole: MLR-55
Project Easting: 1125448 ft Sources:
Northing: 485488 ft HeR-BLDensiiylos
Tonopah Test Range g-
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 ? : .
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
E:'
™
)
g
{::'
J
v
(
T
>
<
g
l""’
T
q
S~

Figure C-70 Geophysical logs for drill hole MLR-55
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Main Lake Location: Nev.SPCS, NAD-27
Project Easting: 1125766 ft
Tonopah Test Range Northing: 485496 ft

Completed: 11,/08/02
Sources:
MLR-56_Density.las

Hole: MLR-56

1.5 Density, glem*3 2.5

_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0——0
F <.k
+ ;
e ¢
o N 4
£ ? 2
10— z:;, }\-.__,
A P Pl
- _—_) ot
4 <
& ™
C Y
_: <-|—/‘
206 “‘>
‘:—8 (g "
i 1 A A
C gy 7 7
30 -f rd S (
I; _ ] <
— 10 fa
s > ,.«} )
[ 1P ~
- e e S e
40 12 — }

Figure C-71 Geophysical logs for drill hole MLR-56
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Hole: MLR-57

15 Density>2.0 25

Rational ; Project Easting: 1125767 ft Sources:
laboratorkes | ooah TestRange  Northing: 484994 ft MLR-57. Densl)yles
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o
2 100 Raw Gamma 300 Geology o caliper, in 10
O ___BitSize 10
0—0 =
A 5 !
s L dt
I ~
-4 =
I AN
A1 --—-"”)
206 d_,/(
i N
£ {
8 {
10
40— 12

Figure C-72 Geophysical logs for drill hole MLR-57
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 11/13/02 Hole: MLR-58
National Project Easting: 1124579 ft Sources:
laboratorkes | oah TestRange  Northing: 480488 ft HeR-B0. Densilydos
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s o - 5
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0 -
o S
o \j
& 1
_:—2 £ 1\
B e S:
0t Q K
4 )
e 8 i "
206 e ~
L5 5 | 4
b Yol
fE g J-
- Al e
48 o )
i < <
- - il <
s <
T™=10 Fetti o
2 C
7 2
40 _Fe12 | L <

Figure C-73 Geophysical logs for drill hole MLR-58
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 11/13/02 Hole: MLR-59
Rational ; Project Easting: 1124270 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 480509 ft MLR‘59_D€HSN‘V' fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
C— Bit Size 10
0—0
T <
I \
_—_2 l v
I e
10 —f Cs .
& (;
iy < S
C 1 S
- D S
[ :’ f ‘/“
206 b, \“)
_E -2:“-1 ("‘
£ b iy
— i ot
48 o >
- e
-+ <] :;"
30— <—":a <
Nl “\ ...-4';
C %, e
i r
B <H"
40 12 A

Figure C-74 Geophysical logs for drill hole MLR-59
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Sandia Main Lake Location: Nev.SPCS, NAD-27  Completed: 11/14/02 Hole: MLR-60
National Project Easting: 1123973 ft Sources:
laboratories | oahTestRange  Northing: 480520 ft HeR-80, Densiiydos
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
I b mih
2 B, i
- d
10 — i:)
= 1 oy
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C &
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Figure C-75 Geophysical logs for drill hole MLR-60
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Easting: 1124267 ft+ Sources:
Northing: 488008 ft MeR-2L Pensriyies

Hole: MLR-61

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 Ll 500 Geolo — i
100 Raw Gamma 300 9Y 0 caliper, in 10 15 Density>20 25
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Figure C-76 Geophysical logs for drill hole MLR-61
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&
National
Laboratories

Main Lake
Project

Tonopah Test Range Northing: 479993 ft

Easting: 1124585 ft+ Sources:

11/14/02

MLR-62_Density.las

Hole: MLR-62

1.5 Density, glem*3 2.5

_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s Qo - x
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
g 1 Bit Size 10
0—0
B 5 \\ ™~
10— 2
__—4 “:__/ (
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= X <
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Figure C-77 Geophysical logs for drill hole MLR-62
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Northing: 480018 ft MER-83 Densitilon

Hole: MLR-63

(ft)
Depth

£ [\ o

2]

1.5 Density, g/lem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohrm-m 500 s : ;
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
I Bit Size 10
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\:] ______ L
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Figure C-78 Geophysical logs for drill hole MLR-63
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Main Lake Location: Nev.SPCS, NAD-27 Completed: 11/15/02 Hole: MLR-64
Project Easting: 1123671 ft Sources:
Tonopah TestRange  Northing: 480036 ft R84 Densiiydos
1.5 Density, glem*3 2.5
100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 ? : .
100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
J{‘r_
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Figure C-79 Geophysical logs for drill hole MLR-64
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@ Sandia Main Lake
National Project
Laboraton J

Tonopah Test Range

Easting: 1123673 ft Sources:

Northing: 480536 ft

MLR-65_Density.las

Hole: MLR-65

1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 ohrm-m 500 ; : -
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
00
_E /
I 5 ot
T2 " g
L \
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Figure C-80 Geophysical logs for drill hole MLR-65
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Sandia Main lake Location: Nev.SPCS, NAD-27  cCompleted: 11/15/02 Hole: MLR-66
Rational ; Project Easting: 1124882 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 480469 ft MLR-éé_Denﬂry fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
s Qo - x
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
g .1 Bit Size ___10
00
_E \"-\
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]
4 5
_E _—-/ ]
% D §
B Ll =
20 6 < .
C T
: A L
- o e
L - B
C Yl >
30— 4
o < >
_:_ 10 \-..._,\“ Q_']
12 il
40— ‘

Figure C-81 Geophysical logs for drill hole MLR-66
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@ Sandia Main Lake
National Project
Laboraton J

Tonopah Test Range

Easting: 1124883 ft Sources:

Northing: 479980 ft

MLR-67 _Density.las

Hole: MLR-67

1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
0 Bit Size 10
T ‘el
T = a
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10— jf J
4 __,} r
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Figure C-82 Geophysical logs for drill hole MLR-67
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 11/18/02 Hole: MLR-68
Rational ; Project Easting: 1125462 ft Sources:
Lahoraioris Northing: 481004 ft HeR-28 Densdlydos
Tonopah Test Range g-
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
0—0
I E"
F \"‘\ By
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Figure C-83 Geophysical logs for drill hole MLR-68
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@ Sandia Main Lake
National Project
Laboraton J

Tonopah Test Range

Easting: 1125448 ft+ Sources:

Northing: 481497 ft

MLR-69 Density./as

Hole: MLR-69

1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
£ a i :
- 8 100 Raw Gamma 300 2 il 500 Geology g Caliper, in 10 15 Density>20 25
g .. .1 Bit Size 10
0—0
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T T | | E=
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Figure C-84 Geophysical logs for drill hole MLR-69
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Easting: 1125469 ft+ Sources:

11/18/02

MLR-70_Density.las

Hole: MLR-70

(ft)
Depth

= [\ o

@D

1.5 Density, glem*3 2.5

100 _Gamma, API_300 MG Resistivity 15 Raw Density 2.5
5 ohm-m 500 : = ;
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Figure C-85 Geophysical logs for drill hole MLR-70
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Sandia Main Lake Location: Nev.SPCS, NAD-27  cCompleted: 11/18/02 Hole: MLR-71
National Project Easting: 1124896 ft Sources:
I'ahm Tonopah Test Range Nﬂﬂhfng.' 483498 ft M“'R-ZI—DBHSHK fas
1.5 Density, glem*3 2.5
_ £ 19 Gamma APl 200 MG Resistivity 15 Raw Density 2.5
E o 5 onm-m 500 o ;
8 100 Raw Gamma 300 Geology g Caliper, in 10 15 Density>20 25
L Bit Size 10
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Figure C-86 Geophysical logs for drill hole MLR-71
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INTRODUCTION

This appendix presents graphical geologic
logs of the core that was obtained from drill
holes ML-1 through ML-19. Emphasis is pri-
marily on the geology — lithology, grain size,
fractures (if any), and other visually observ-
able features — of the core itself. Core recov-
ery is also presented, as this value reflects the
maximum possible “quality” of the core
description. Lost core cannot be described, and
thus descriptions from intervals of severe core
loss are potentially suspect. A simplified ver-
sion of the geophysical log suite from Appen-
dix C is also presented for direct comparison
with the lithologic descriptions.

LOGGING METHOD

Geologic logging of shallow core holes,
such as drilled at the Main Lake, is a fairly
simple activity. The core is typically arranged
in core boxes in the field in a manner such that
the core reads “like a book,” from left to right
and from top to bottom. Each box nominally
holds 10 feet of core, although generally the
actual amount of core in a box is less because
one usually desires not to generate any more
artificial breaks in the core than is absolutely
necessary. Natural breaks are therefore used
for dividing the core. If the “next” core seg-
ment will not fit entirely within the last two-
foot core tray, it is typically placed in a new
box.

The boxed core is laid out for logging
either in the field or in the laboratory, and it is
examined for changes in rock type and other
features of interest. Core from the Main Lake
was examined visually and with a 10x hand
lens only. No binocular microscopic or thin-
section study was performed. Grain size was
determined visually with reference to standard
geologic size categorizations (“fine sand,”
“silt,” “granules,” etc.), as were percentages of
different materials (e.g., AGI Data Sheets,

December 2004

1989). Lithologic symbols used on the logs in
this appendix are shown on page 190.

Depth Determination

The depth of lithologic changes and other
entities is determined from the value recorded
on the core blocks (literally, small wooden
blocks) placed in the box during drilling at the
end of each core run marked with the depth.
These run depths are determined by totaling
the cumulative length of the core barrel plus all
rods in the hole and subtracting the “stick-up”
of the last rod above ground level (or other ref-
erence position). These depth markers are the
only depths known for certain, as the core
recovered between two drilling breaks may
have come from anywhere within that interval.

For drilling runs with good core recovery,
it is very simple to measure upward (or down-
ward) from the nearest core block; usually
even-foot depths are marked on the core with a
felt-tip marker. However, if only a small
amount of core has been recovered from a
given run — for example, 1.3 feet of core for a
5-ft run — the assignment of depths in the sub-
surface to the core is not so simple. A common
convention is to assign arbitrarily all core loss
to the end (bottom) of the run. However, at the
Main Lake, a more geologically reasonable
assumption would be to assign the core loss to
the top of the run. The rationale for this latter
interpretation is that during retrieval of the
inner tube from the bottom of the hole, the
undrilled rock below the static core bit is
exposed to the fluids in the hole, which may
infiltrate into permeable portions of the rock
mass. In unconsolidated materials, such as
these playa sediments, this addition of water/
mud softens the material. Thus, the softer
material near the top of the next run is more
likely to be washed out of the bit face when
drilling resumes than material near the end of a
run that has been exposed to the drilling fluid
only briefly.

Logs for Cored Drill Holes on the Main Lake 189



Core Recovery Computation

Core recovery is simply the cumulative
length of physically recovered material
divided by the length of the cored interval and
expressed as a percentage. If the core material
is severely broken (or, in the case of the Main
Lake material, disaggregated to granular mate-
rial), the approximate length of equivalent
“whole” core is used. In essence, disaggre-
gated sediments are heaped up to the approxi-
mate size (diameter) of intact core and the
length of the reformed material is measured.
The associated core-block depths are shown on
the geologic core logs next to the column
showing recovery.

Geophysical Logs

Three of the more important geophysical
log traces are shown on the core logs:
smoothed natural gamma, smoothed density,
and MicroGuard resistivity. The caliper log
and bit size are not shown, nor are the raw
gamma and density curves. These latter traces
are available on the geophysical log figures in
Appendix C. The intent of including the major

Lithologic Symbols

& Fine Gravel
Granules

Sand
& Granules

Granules,
Silty & Clayey

190 Logs for Cored Drill Holes on the Main Lake

____'__'_f Silty Sand

geophysical curves on the core logs is to allow
correlation of the lithologic descriptions with
potentially diagnostic geophysical signatures.
Such correlations are fairly well exhibited for
the density and resistivity traces. However, in
some cases the correlations need to be adjusted
for missing core intervals and the resulting
uncertainty in the depth position of the core
and lithologic descriptions. Natural gamma
appears to correlate much less well with the
lithology, a fact which is probably no too sur-
prising because all of the sediments are
derived from the same volcanic rocks in the
source terrane. Compositional homogeneity
appears to be the result.

Note that officially there are no geophysi-
cal logs for drill holes ML-1, ML-2, and ML-
3. However, as noted elsewhere in this report,
rotary hole MLR-44 was drilled within 25 or
30 ft of all three core holes. Therefore, we do
show the small-scale MLR-44 geophysical
data on figures D-1 through D-3. The source of
the geophysical data is identified as from
MLR-44.

Sand, Coarse eEsaa el Clayey Sand
: Sand, Medium
lsand =B Sandly Clay
Sand, Fine | Silty Clay
B oy
December 2004
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Sandia Main Lake Location: Easting: 4837466 ft  Source: Hole: ML-1
- m Na‘um ] Project NSPCS, NAD-27, in ft Northlr'lg.' 1124420.7 ft MI‘.R-44_D€H§.‘T}/_:"GS Completed: 6/3/2004
=8 = Laboratories Tonopah TestRange  Elevation: page 1 of 1
£ ) £ ~ i - . AN &eology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0—T-0 <
i y SILTYCLAY: brown; finely laminated locally; calcareous 9
i ) SAND & GRANULES: coarse sand and granules 45
I \ )
} ‘] SILTY SAND: med.- to coarse-grained sand with significant admixed silt & clay, plastic: think
10— > {“ layers of granule-rich coarse sands with silty-clayey matrix 25
{ N Z]
T5 ls (- SAND & GRANULES: granules appear to be volcanic clasts, 1-4 mm, less commonly 5-7 mm;
. ) ‘.\ some material is hard enough that it is cut by core bit; some interbedded layers without
20 — {[L granules 125
I 4 SILTY SAND
1 3 245
\ SAND & GRANULES
30 - )
2 30U
110 « SILTY SAND
| I
il > SAND & GRANULES 350 35
] ; 379
40 -
| 405
50 15

Figure D-1 Geologic core log for drill hole ML-1.
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Sandia Main Lake Location: Easting: 4837334t  Source: Hole: ML-2
- m Naum PrOjeCt MNSPCS, NAD-27, in ft Norfhlf'lg.' 1124433.3 ft MI‘.R-44_D€H§JT}/_:"GS Completed: 6/3/2004
=8 = Laboratories Tonopah TestRange  Elevation: page 1 of 1
£ ) £ ~ I - . AN &eology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0—1-0 <
i : SILTYCLAY: It brown, fairly massive, not cemented; calcareous
| B
il core run essentially lost
P
10— 2 ¢
] > ("‘\ SAND, FINE: grey-brown, somewhat clayey-silty 100
1 & N SAND & GRANULES: granules prominent throughout, [-4 mm, to 8-7 mm volcanic clasts, incl4.0
T5 KS s lava (?); sand mostly coarse grained, some fine some granule-rich intervals are essentially "pea
7 g avel"
20 — { \ 4 185
I ; GRANULES AND FINE GRAVEL
J \ SAND & GRANULES: laminated sand and granules
30 - ) ]
. 1 SAND
— 10 3
¢ GRANULES AND FINE GRAVEL
H i Y
1 } SAND
40 - =
50 15

Figure D-2 Geologic core log for drill hole ML-2.
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(f)
Depth
(m)

0—0
10 —+
15
20 —
30 |
10
40 -
5015

Sandia Main Lake Location: Easting: 4837390 ft Source: Hole: ML-3
m National Project NSPCS, NAD-27,in ft  Northing: 11243980 ft MLR-44_Density las Completed: 6/3/2004
Laboratories Tonopah Test Range ~ Elevation: T page 1 of 1
Gamma Density MG Resistivity Geology Lithologic Description ecledy By: Fan Graichen Recovery
™~ =
4 — ~=| SILTYCLAY: brown, clacareous, bentonitic
P \

50
o

2 SAND & GRANULES: silty and clayey sand with prominent granules 2-4 mm, rarely to 5 mm;

mostly volcanic frags: some granules cut by drill, others plucked

85

o, S

SAND

A\ GRANULES: pea gravel of volcanic clasts; clast supported

AL

4\ sAND

4 SAND & GRANULES

N SAND, MEDIUM

i Ty WS o SV AN WP

- SAND & GRANULES

GRANULES: pea gravel of volcanic clasts

Al SAND & GRANULES

oo

39
\5;4 ND: fimng uypward seguence; highly calcareous but not cemented 7

SAND & GRANULES

Figure D-3 Geologic core log for drill hole ML-3.
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Sandia Main Lake Location: Easting: 1125476 ft Source: Hole: ML4
- Hmﬂ L Project NSPCS, NAD-27, in ft Nor[hj{rg,‘ 482502 ft ML-4_Density.las Completed: 10/10/02
<87 Laboratories Tonopah Test Range ~ Efevation:  NA ] page ! of 1
Egs . —— . : . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
00 =
4 2 CLAY: reddish-brown, with minor silt: strong carbonate reaction with HC/!
] { A
T % 5 B L e e T e i e T e T i R R e SRR ey
10 — q I SANDY CLAY
i ! ) SAND & GRANULES: brown, friable sand: calcareous; granules 4-5 mm at 12-21 1. granule €0
& f are volcanic rock fragments and single mineral grains
= {
AR R R
20— < r
! SAND, FINE: light brown
1 4 220
| { I | GRANULES: brownish-grey, granules 3-4 mm, with grain-on-grain contacts; sandv-clay fill 238
- 258 8
T Vi y SAND & GRANULES: medium-gramed sand with granules 2-3 mm; granule content decreases
30+ { — downward; no bedding evident; granules dominant: 27.7-27.9 ft
+10 |
4 D SAND, COARSE: some granules, to ~10%
T SAND, MEDIUM
40 < -
50 - 15

Figure D-4 Geologic core log and geophysical logs for drill hole ML-4.
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Sandia Main Lake Location: Easting: 1125170 ft Source: Hole: ML-5
~ National \ Project NSPCS, NAD-27, in ft Northi{rg: 483993 ft ML-5_Density.las Completed: 10/10/02
% = Laboratories Tonopah Test Range ~ Elevation:  NA page [ of |
EgE Geology by: Ron Graichen
o Gamma Density MG Resistivity Geology Lithologic Description Recovery
00 <1
4 B,  CLAY: med red-brown, no discernable silt or sand: mod. strong reaction to HCI: core partings,
J { L @90CA. at 4 ft 28
] 5 \
0 e \ 6.0
10 -+ [f ) X SILTY CLAY: med-brown, minor silt/sand content, contains small spherical gas pockets 1-3
= 4
' 5 \ " 1.0
1 2 SILTY SAND
T2 T IR B TS - = = - - —— oo cmcce e et e e e e e e e e 160
20 - GRANULES, SILTY & CLAYEY: granules of varying compositions; some gas pockets
i B LLLBELEEIEL Tl D B — - e e e e e e o A L e e i i 21
I (] | SAND & GRANULES: med-brown
T (} GRANULES AND FINE GRAVEL: brown-grey; granules and gravel, interstices filled with saf6,0
] % grain-on-grain support fabric
30—
EE
110 SAND, FINE
e GRANULES AND FINE GRAVEL: clasts to 8 mm, with sand-filled interstices: 9:*0;}7—0!:—9"3;%;2
i fabric '
R ] B R B P e e e e L s L e M ) e e e Y s i S L it sl
40— ; . 320,
SAND, FINE: gritty fine sand: It-tan fo cream colored
50 - 16

Figure D-5 Geologic core log and geophysical logs for drill hole ML-5.
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Sandia Main Lake Location: Easting: 1125470 ft Source: Hole: ML-6
= National . Project NSPCS, NAD-27, in ft Nonhi{rg.-_485007 ft ML-6_Density.las Completed: 10/10/02
=BT Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
Egs . —— . : . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 [} —
4 18 o| CLAY: red-brown, local traces of silt or sand, strongly calcareous: some small spherical gas
J g 1 cavities
| § )
] ¢ S
) 4
10 — \ SILTY CLAY: brown-grey, sharp basal contact at 65-deg C.A.
5
R SAND, MEDIUM: grey-brown, with some coarse sand and small granules to 4 mm (< 20%):
R
q [} highly calcareous; inferstices filled with silt/clay
15 { ¢
Fd
204 g
T e (e e B e e e e e e e e
4 { :
§
4 } >
30— -
i "\\‘ _____________________________________________
10 = SAND & GRANULES: greenish-grey: less than 10% gravel 5-8 mm,silt-filled: strongly
T ’l‘ calcareous; moderately hard
41 ¥
. B b SAND, COARSE: coarse and some very coarse sand in sitly marrix, grading into silty browr®-8
40— o sand
g 4
| SAND: gritty, friable; weakly calcareous
50 - 18

Figure D-6 Geologic core log and geophysical logs for drill hole ML-6.
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Sandia Main Lake Location: Easting: 1126068 ft Source: Hole: ML-7
- National Project NSPCS. NAD-27.in ft - Northing: 486001 ft ML-7_Density.Jas Completed: 10/10/02
=BT Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
Egs . —— . : . Geology by: Ron Graichen
amma ensity esistivity Geology ithologic Description ecovery
a G Densit MG Resistivity Geol Lithologic D t R
00 —
4 z SILTYCLAY: red-brown, becomes silty near basal contact; strongly calcareous i
] i' 5
| % 3] SAND, FINE: weakly gritty, 1-2% small granules to 1-3 mm; friable/mushy, mod. calcareous: &1
# becomes greenish grey below ~6 [t 60
10— ; ;
- { 11
I 2? =t 62
1+5 ( {,—1 SAND, COARSE: gray-green, competent umit; 10-20% v. coarse sand (1-2 mm); strong HC! 164
1 g X reaction
20— iy =5
1 ( ) SAND & GRANULES: med.-grained sand with 20-30% granules and some pebbles to 1.5 cm; 411
. 1 competent but mushy 21-22 ft
T ama s nteaall - meet bl ot 25
4 i SAND & GRANULES: gray-green, 10-15% granules, no pebbles: grits decrease toward lower
30 I contact; mod. caleareous, compenent
N "{ ; 31.0
— 10 <
T / G T T e e 36.2
4 £ SAND, FINE: gray-green; friable/incompetent
40— :
| 912
50 - 15

Figure D-7 Geologic core log and geophysical logs for drill hole ML-7.
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Sandia Main Lake Easting: 126068 ft Source: Hole: ML-8
= National Project NSPCS, NAD-27.in ft Northing: 486001 ft ML-8_Density.las Completed: 10/10/02
% = Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
EGE Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
00 <
4 E _ CLAY: red-brown; firm, calcareous
o R S e e e e e e s
| \ CLAYEY SAND: grey-brown, fine to med. sand with clay: calcareous, hard
- s P S i e T o’ i i
10 1 \} { SAND, FINE: It-brownish grey: friable
1 i R SAND, MEDIUM: med-grey, contains minor grit (coarse- to v. coarse sand sized), friable,
b calcareous
15 g ) S
§ % SAND & GRANULES: brownish grey. granules and pebbles to 8 mm are less than ~ 10%,
20 —+ Y 2 moderately indurated: calcareous to 35 ft, less so below
g it
1 E‘ :
7 A
- 4 r—‘}
%
L (
30 r Vel 1 E e e e e e e D
110 3 il | SAND, MEDIUM: grey-brown, fine to medium sand: moderately indurated
7 T 90 '
i h“"‘\ : s B e e
45—+ "k M SAND & GRANULES: some granules
50 - 15

Figure D-8

Geologic core log and geophysical logs for drill hole ML-8.
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Sﬂ'ﬁa Main Lake Location: Easting: 1125778 ft Source: Hole: ML-9
5 — Project NSPCS, NAD-27, in ft Northi{rg.'_480992 ft ML-9_Density.las Completed: 10/10/02
= "5_ Tonopah Test Range  Efevation:  NA _ page 1 of |
£g ; v . . _— Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 ] R
d \ )y CLAY: brown; firm, calcareous
g A 5
l $ )
B P 6.0
10— %}‘
4 1.0
L j % SAND, COARSE: gray; gritty sand, upt to 10% v. coarse sand and small granules 1o 3-4 mm;
7 } i small spherical gas peckets to 7-8 mm in muday sand at top: strongly calcareous and mod. h:}r;o;?
5 J o e el oo oo '
20 —+ - SAND, MEDIUM: equigranular med. sand: quite friable; very gradational upper contact,
\‘) weakly calcareous 198
: (‘J \ e e L B L I —24
B { i SAND, MEDIUM: mostly as above, but with minor coarse sand grains; weakly calcareous,
T ] friable
30 % F 293
10 \
4 i
i - - 349
SAND & GRANULES: coarse sand, with 10-20% granules to 3-4 mm; locally calcareous: firm
1 >
40— 4 L - "
| > GRANULES AND FINE GRAVEL: v. coarse sand, with granules and small pebbles, up to 40/43
B 5 coarse clastics; firm
+ 448
50 - 18

Figure D-9 Geologic core log and geophysical logs for drill hole ML-9.



00¢

@) UIB 8} UO S3|OH ||11g pa10) 1oy sho

00 Joquiadaq

Sandia Main Lake Location: Easting: 1124574 ft Source: Hole: ML-10
= National . Project NSPCS, NAD-27, in ft Nodhi{rg.'_480992 ft ML-10_Density.las Completed: 10/10/02
8% Laboratories Tonopah Test Range  Efevation:  NA Goology by: Ren Graich page 1 of |
EgE eolo : Ron Graichen
8 Gamma Density MG Resistivity Geology Lithologic Description L Recovery
0 [} ~
4 '!e CLAY: red-brown, strongly calcareous, firm: minor small (1-2 mm) spherical gas pockets
A |
10 -+ ‘\, \ SAND & GRANULES: brown; up to 20% granules, incl. 5% pebbles to | cm; clay marrix
t, diminishes downward, replaced by fine sand: mod. competent 100
4 o e e s e e S S s e e e S s e e s S S S s s s A
15 i < e 152
i P- SAND, FINE: It-greenish-grey; 10-15% v.coarse sand / granules 1-2 mm; poorly reactive to 64
20—
i 1 HeY 205
I } { SAND, MEDIUM: greenish-grey; fine to med. sand with v. few granules; friable; becomes 59
4 ] coarser below~30-32 ft
26.1
30— ___j 289
10
= i3 351
i SAND, MEDIUM: some granules; harder; increased granule and coarse sand content in last E
il 9 foot of core
40 —
] 404
50 156

Figure D-10 Geologic core log and geophysical logs for drill hole ML-10.
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Sﬂ'.ﬁa Main Lake Location: Easting: 1123664 ft Source: Hole: ML-11
= National . Project NSPCS, NAD-27, in ft Nonhi{rg:_aaad,gi ft ML-11_Density.las Completed: 11/06/02
=BT Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
Egs . —— . : . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 ] = :
4 SILTY CLAY: med. brown: dry and hard, I-mm gas vesicles: mildly reactive to HC/
| . [T CLAYEY SILT: med. brown, more silty
] | \
i3 } ‘l GRANULES: 90% granules 2-3 mm in beds, plus coarse sand; some clay and silt matrix
o il :; _____________________________________________
T SAND & GRANULES: 50% granules, fine sand and clay matrix
15 (, SAND, FINE: clayvey, with up fo 10% granules; very firm; smooth core
20 —+ > "-. SAND, MEDIUM: with some granules, but no clay: hard
T y :SAND, FINE: clayey, with up fo 10% granules; v. firm
T ))jr/ SAND, MEDIUM: clay matrix; 10% granules
4 g ¢ 7
30— L ] =~ S : h SAND, MEDIUM: clayey, with 1-2% granules
- ot ' A
1 10 ; N SAND & GRANULES: It-brownish grey, approx. 60% granules, interbedded with ~40% fine J<
| L/ e 1sand with some granules; hard when damp
[ T e e e e
: & CLAYEY SAND: with 5% coarse sand and sparse granules; several I-mm vertical worm ho;@s:s 7.
40— i botrtom contact 40-deg. C.A. with 1-cm med. grained sand bed: v. hard
4 42
E SAND, COARSE: with minor granules and some pebbles in clayey sand matrix; coarse particles
2L decrease downward: hard: v. friable 30.2-32.2
50 15 SAND, MEDIUM: contains two 2-3-inch horiz beds of granules; mod. hard: soft and friable

41-42

Figure D-11 Geologic core log and geophysical logs for drill hole ML-11.
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Location:
NSPCS, NAD-27, in ft

Tonopah Test Range
MG Resistivity Geology

Source:
ML-12_Density.las

Easting: 1123981 ft
Northing: 483502 ft
Elevation: NA

Hole: ML-12
Completed: 10/29/02
page [ of |

Recovery

@ Sandia  Main Lake
n Ilhlmml : Project

Gamma

=

(ft)

Depth

Geology by: Ron Graichen

Density Lithologic Description

@) UIB 8} UO S3|OH ||11g pa10) 1oy sho

00 Joquiadaq

1

— 15

50 —

—

i
,
L
[
2

ST = T

I

S

NG

oW

Figure D-12

| GRANUL ES, SILTY & CLAYEY: silt, sand, coarse sand, and granules in 1-cm beds

3 SAND, COARSE: 10-15% granules 2-4 mm; poorly compacted, easily crumbled: small spherical

':-.igas pockets and irreg. larger voids in coarser infervals 10 5

L SAND, COARSE: same as above, but very firm

SAND & GRANULES: 50% granules in sand matrix; Firm, smooth core surface

SAND & GRANULES: sandy with 25-30% granules and pebbles to 6 mm; quite firm, smooth 5 g
core surface

GRANULES AND FINE GRAVEL: 0% granules, some pebbles with some clay (drill mud?); 264
I grain-on-grain support; corroded core surface '
g g

SAND & GRANULES: 20-30% granules, minor clay; very firm when dry

: SAND, FINE: fine to med. grained sand, with some microfossils (2)

GRANULES AND FINE GRAVEL: 40-50% granules and some pebbles in med. grained sand 41
i matrix

SAND, MEDIUM: hard: locally crumbly: grain size increases downward

Geologic core log and geophysical logs for drill hole ML-12.
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€02

=

(ft)

Depth

E E

Sandia
National

Laboratories

Gamma

Main Lake
Project

Density

Location:
NSPCS, NAD-27, in ft

Tonopah Test Range
MG Resistivity Geology

Source:
ML-13_Density.las

Easting: 1124570 ft
Northing: 484000 ft
Elevation: NA

y : S Geology by: Ron Graichen
Lithologic Description

Hole: ML-13
Completed: 11/05/02
page [ of |

Recovery

1

50 - 15

[~

.

=

L TSRS

2 Vo

g

CLAY: med-brown, with some tiny vesicles: reacts strongh with HCI

SILTYCLAY

—\ probable core loss in soft sand (?)

: "l_ SAND, MEDIUM: with ~10% clay; 0.3-ft thick bed of coarse sand at ~9 ft

SANDY CLAY: ~10% medium sand: small vesicles common

|V SAND, FINE: less than 10% coarse sand, no clay; very gradual contact with overlying sandy
e "l clay: hard when dry

i : i SAND, COARSE: 35% coarse sand with clayey fine sand Filling: hard when dry

SAND & GRANULES: 50-60% granules and coarse sand, fine-grained clavey sand matrix:
gradational lower contact

SAND & GRANULES: 60-70% coarse sand and granules, fine clayey sand matrix; hard whenss 5
ary

404
SAND, FINE: up to 10% coarser sand and some granules; rare I-cm pebble; grades downward

into fine sand w/o coarse particles

Figure D-13 Geologic core log and geophysical logs for drill hole ML-13.
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Sandia Main Lake Location: Easting: 1124876 ft Source: Hole: ML-14
= National . Project NSPCS, NAD-27, in ft Nonhi{rg.-_482991 ft ML-14_Density.las Completed: 10/29/02
=BT Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
Egs . —— . : . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 0 "
d CLAY: red-brown; abundant vesicles, 0.1-0.5 mm; 0-2. soft: 2-10 ft mod. firm
10 — E'
| N
b ]
I 2]
1_5 | ¥
20—+ 4 :
] } %
f— \ ™~
T ¥ \‘}
4 { ?
i i
30 —_ ( _______________________________________________
T [T T TN B T B . .
= h
BT EER ] (BHE S HEE L D s i g 2 i sty il i e e i . i iy g ;e o £ e i i ;e g i el i i i s~ sl o
il h
40— e Bt E I i oo s e e v s e e e e e e e e
g SAND, FINE: fine to med., grained: very firm
4+ \SAND, COARSE: 20% granules; some pebble
50 156

Figure D-14

Geologic core log and geophysical logs for drill hole ML-14.
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Sﬂ'.ﬁa Main Lake Location: Easting: 1124568 f+ Source: Hole: ML-15
= National . Project NSPCS, NAD-27, in ft North!{rg:_tialg% ft ML-15_Density.las Completed: 11/01/02
8% Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
= o = . —— . : . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
00 ~N
4 CLAY: med-brown, HC reactive; "curdled” texture with some gas vesicles, 0.5-1.0 mm
—_ ‘__"
i ™ ]
T b SILTY CLAY: ~10% silt and sand: small 0.1-0.5-mm vesicles
o
10— Z} N GRANULES, SILTY & CLAYEY: 25-30% granules; sparse I-cm pebbles; firm, smooth core 1o
T { y surface, bit cuts through coarse clasts;
J { 5
=5 ( o 15
] L} 23 SAND, COARSE: coarse sand with< 5% granules: clay matrix: rare pebble-sized clasts; v. soft
—+ and mush
i { s d 201
I S SAND, COARSE: as above, fewer granules; mod. hard; smooth bit-cut core surface
T £ ¥ SAND, COARSE: as above; hard
: / <
30 7 SAND, COARSE: v. soft
4 £
— 10 4 .
4 _,.Jl? \\' SAND, FINE: firm
| ) SAND, COARSE: ~5% granules
W=y ) SAND, MEDIUM: med. to coarse sand; sparse granules
T+ ;
50 15

Figure D-15 Geologic

core log and geophysical logs for drill hole ML-15.
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=

(ft)

Depth

E E

Gamma

Sandia
National
Laboratories

Density

Main Lake Location: Easting: 1124123 f+ Eotrie
. NSPCS, NAD-27, in ft M : -
Project SPCS, inft  Northing: 484245 ft ML-16_Density.las

Tonopah Test Range  Efevation:  NA

—— Geology by: Ron Graichen
MG Resistivity Geology

Lithologic Description

Hole: ML-16

Completed: 11/05/02

page | of 1
Recovery

1

50 - 15

[

CLAY: red-brown, somewhat sandy; abundant I-mm gas vesicles: hard when dry

SAND, FINE: becoming medium-grained by 5.5 ft

Vit ol

SAND, COARSE: med- to coarse sand with ~10-15% granules

SAND, FINE: v. fine sand with minor clay; sparse (~8%) granules, but no coarse sand: no

sorting, no bedding

103

NATA LA

med. sand

SAND, FINE: gradational loss of clay: sparse granules: crude bedding at 16 ft, 60-deg. CA.J6.7

hoad

S

. Il.5.-‘1N.-‘1), FINE: minor clay

M SAND, COARSE: med- to coarse sand, essentially no clay; rare granules

L‘\‘f\w‘v'\/‘

SAND, COARSE: coarse sand with fine granules; minor fine sand; frace clay

SAND & GRANULES: minor fine sand, trace clay filling

d\| SAND, COARSE: with clay Filling: 50% fines; dry and very. hard

| SAND, FINE: with 0% coarse sand grains

lSAND & GRANULES: 607% granules, fine sand and minor clay matrix

Figure D-16 Geologic core log and geophysical logs for drill hole ML-16.



¥00Z Joquadaq

@)eT ule 8y3 uo sa|oH ||1ia pai0) 10} sho

102

Sandia Main Lake Location: Easting: 1124424 f1 Source: Hole: ML-17
5 National L Project NSPCS, NAD-27, in ft Nor[hj{rg,‘ 484248 ft ML-17_Density.las Completed: 11/05/02
=BT Laboratories Tonopah Test Range  Efevation:  NA _ page 1 of |
Egs . —— . : . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 [}
d o CLAY: red-brown, uniform
i i
T ‘\ \ SILTY CLAY: red-brown, silty to sandy: becomes weakly granular near lower contact
10—+ J ) TP AN T
¢ : brownish grey, with some granules in cla ine sand matrix
2 SAND, COARSE: brownish grey, with some granules in clayey f d mat
- oy
4 % (. | CLAYEY SAND: grey, fine-grained clayey sand
15 \
i } SAND, FINE: grey, friable
20— ‘E = . .
] { SAND, COARSE: brownish grey, med.- to coarse sand: friable i
T } i 3
? 74 A GRANULES: "Crowded" coarse sand and granules with good grain-on-grain contact; fine sand
+ 4 and clay filling; smooth core surface, very hard o
30 Y L A SAND, FINE: grey-green; mod. hard
1 10 |- 8 GRANULES: as 21.2-27.5; very hard except 29-30 very soft
T u: SAND, FINE: grey-green; friable
B )
40— 4 1 SAND & GRANULES: 40% coarse sand and granules; fine-grained sandy matrix; poorly
1 \ compacted and friable 36.4-39 ft
50 156

Figure D-17 Geologic core log and geophysical logs for drill hole ML-17.
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(ft)
Depth
(m)

Gamma

Sanda  Main Lake Location: Easting: 483748 Source: Hole: ML-18

National _
Laboratories

Project

Density

Tonopah Test Range  Elevation:  NA

R . . _— Geology by: Ron Graichen
MG Resistivity Geology Lithologic Description

NSPCS, NAD-27,in ft - Northing: 1124715 ML-18_Density las Completed: 11/05/02

page 1 of 1
Recovery

50 - 15

CLAY: red-brown, uniform; abundant small (0.5-mm) gas vesicles

o

o

SANDY CLAY: red-brown

SAND, COARSE: med.- fo coarse sand, some clay; bedding 90-deg. C.A.

Y Y

P tnat 2 il

GRANULES: 0.4-ft granule-pebble bed: bedding 90-deg. C.A.

—

N

SAND, FINE: minor clay and v. minor coarse sand (<3%): coarse sand forms poorly defined

bedding locally; worm fubes

i e

SAND & GRANULES: some pebbles grain-on-grain support: clayey v. fine sand matrix; soft

and friable 16.6-18.0; mod. hard 18.0-20.0

l/“"u.,...vwvh\-\

274

Al SAND, COARSE: unsorted: v. hard

3| SAND, FINE: becoming coarser downward

N

GRANULES: 80% coarse sand and granules

SAND & GRANULES: 40% coarse sand and granules with 60% fine sand: coarse fraction

I| decreases downward (only 3% at 32 f1); some clay

42

grianed sand filling

SAND & GRANULES: B0% coarse sand and granules with grain-on-grain support, clayey fin-

|5.»4ND & GRANULES: 607% coarse sand and granules, 40% fine sand

Figure D-18 Geologic core log and geophysical logs for drill hole ML-18.
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(ft)

Depth

E E

Gamma

Sandia
National
Laboratories

Main Lake
Project

Density

Location:
MSPCS, MAD-

Tonopah Test Range

MG Resistivity Geology

Source:
ML-19_Density.las

Easting: 1124114 ft
Northing: 483766 ft
Elevation: NA

Hole: ML-19
Completed: 11/06/02
page [ of |

Recovery

27, in ft

y : S Geology by: Ron Graichen
Lithologic Description

1

50 - 15

[

CLAY: red-brown, v. soft

PR S

: SILTY CLAY: some vertical worm holes

s

\ CLAVEY SAND: fine- to med.-grained sand): v. soft

|

GRANULES: granule-pebble bed with clasts to 1.0 cm; 60% coarse clasts

CLAYEY SAND: fine- to med.-grained sand; v. soft

L, e

SAND, FINE: grey-brown, sparse coarse sand grains and/or granules (1-2%), clayey

SAND, FINE: grey-brown, sparse granules 14-15.6 1t

PP ‘_:—;_ﬂuj'\m;-/\.d‘-‘

by L

SAND & GRANULES: ~50% rock and mineral clasts, clayey fine-sand matrix; core bit cuts 24 ol
across coarse clasts, hard

CLAYEY SAND: 20% coarse sand and granules with layering & 40-deqg C.A.; gradational 3l
contact downwrd: soft

SAND & GRANULES: 80% coarse sand and granules, with clayey fine sand filling; hard,
smooth cut surface

SAND, FINE: grey-brown, somewhat clavey, local coarse sand and granules « 20%

SAND & GRANULES: 60% coarse clasts, fine sand matix

CLAYEY SILT: decreasing coarse grain content; damp and hard r

Figure D-19 Geologic

core log and geophysical logs for drill hole ML-19.
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INTRODUCTION

This appendix contains the results of labo-
ratory material-properties testing on specimens
removed from the core drilled at the TTR Main
Lake. Specimens were tested both in hydro-
static compression, in unconfined compression
and in triaxial compression. The final labora-
tory values are given in table E-1. A full dis-
cussion of the laboratory testing procedure and
the implications of the results is beyond the
scope of this data report. An inventory listing
of all core samples shipped to Sandia National

December 2004

Laboratories in Albuquerque is presented in
table E-2.

Electronic Data Storage

The underlying data, as well as the testing
results are currently (2004) stored on the San-
dia National Laboratories web fileshare system
for authorized users. The relevant materials
may be found at https://wfsprod01.sandia.gov/
by entering the term Main Lake as a substring
within the 7itle search field.

Material Properties Data from Main Lake Samples 213
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Table E-1: Laboratory test data for samples collected from Main Lake drill holes

[Core samples tested by the rock mechanics laboratory at Sandia National Laboratories, M.Y. Lee and D.R. Bronowski, analysts. --: not applicable]

Depth Interval

Confining Peak Axial

Drill Diameter Length Weight Density Wt. Percent
TestID Hole Top Bottom (mm) (mm) @) (glcm3) Water! Pressure Stress
(ft) (ft) (MPa) (MPa)
Hydrostatic Compression Tests

TTR-HCO1 ML-2 21.7 22.0 61.0 88.7 508.0 1.96 -- 400 --
TTR-HC02? ML-3 23.2 23.6 61.2 107.2 633.1 2.01 4.6 400 --
Unconfined Compression Test
TTR-UCO1 ML-3 21.3 21.7 61.1 100.7 -- -- -- 0 0.55
Triaxial Compression Tests
TTR-TAO1? - - - 61.0 152.5 - - - 20 -
TTR-TA02 ML-1 21.0 21.6 61.1 123.4 768.9 2.13 3.5 20 65.7
TTR-TAO03 ML-1 21.6 22.0 61.1 108.7 676.0 2.12 2.9 40 162.8
TTR-TA04? ML-3 23.2 23.6 61.2 107.2 633.1 2.01 -- 400 691.8
TTR-TAOS ML-1 22.0 22.4 61.1 103.9 605.0 1.99 2.2 10 52.8
TTR-TAO06 ML-3 22.8 233 61.2 122.2 730.0 2.03 2.2 2 13.7
TTR-TAO7 ML-1 233 23.8 61.1 125.8 760.0 2.06 3.0 0.54 6.5

1. Weight-percent water = Wi50/Wgample

2. These two tests are on the same physical specimen; triaxial compression test conducted after hydrostatic compression.

3. Test TTR-TAO1 was never conducted.



Table E-2: Inventory listing of core specimens from Main Lake core at Sandia National
Laboratories, 2004

Borehole Interval Top Interval Base Lgngth Interval Top Interval Base Length

(ft) (ft) (inch) (m) (m) (cm)

ML-1 13.30 14.00 8.40 4.27 2.56 21.34
17.65 18.25 7.20 5.56 2.19 18.29

28.60 29.00 4.80 8.84 1.46 12.19

29.20 29.60 4.80 9.02 1.46 12.19

ML-2 12.00 12.60 7.20 3.84 2.19 18.29
13.80 14.25 5.40 434 1.65 13.72

19.60 20.00 4.80 6.10 1.46 12.19

19.95 20.30 4.20 6.19 1.28 10.67

20.30 21.10 9.60 6.43 2.93 24.38

24.75 25.35 7.20 7.73 2.19 18.29

26.20 26.60 4.80 8.11 1.46 12.19

ML-3 11.85 12.20 4.20 3.72 1.28 10.67
26.15 26.65 6.00 8.12 1.83 15.24

27.25 27.70 5.40 8.44 1.65 13.72

28.25 28.75 6.00 8.76 1.83 15.24

ML-4 12.70 13.10 4.80 3.99 1.46 12.19
27.90 28.50 7.20 8.69 2.19 18.29

29.40 30.00 7.20 9.14 2.19 18.29

37.00 37.40 4.80 11.40 1.46 12.19

37.80 38.50 8.40 11.73 2.56 21.34

ML-5 19.30 19.70 4.80 6.00 1.46 12.19
20.30 20.80 6.00 6.34 1.83 15.24

26.90 27.80 10.80 8.47 3.29 27.43

27.90 28.50 7.20 8.69 2.19 18.29

30.00 30.50 6.00 9.30 1.83 15.24

36.10 39.90 45.60 12.16 13.90 115.82

ML-6 13.80 14.50 8.40 4.42 2.56 21.34
17.40 18.00 7.20 5.49 2.19 18.29

19.10 19.70 7.20 6.00 2.19 18.29

20.80 21.20 4.80 6.46 1.46 12.19

32.70 33.30 7.20 10.15 2.19 18.29

33.90 34.50 7.20 10.52 2.19 18.29

34.80 35.40 7.20 10.79 2.19 18.29

ML-7 18.80 19.30 6.00 5.88 1.83 15.24
19.60 20.00 4.80 6.10 1.46 12.19

24.20 24.80 7.20 7.56 2.19 18.29

27.90 28.70 9.60 8.75 2.93 24.38

32.20 32.60 4.80 9.94 1.46 12.19
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Table E-2: Inventory listing of core specimens from Main Lake core at Sandia National
Laboratories, 2004 (continued)

Borehole Interval Top Interval Base Lgngth Interval Top Interval Base Length

(ft) (ft) (inch) (m) (m) (cm)

ML-8 7.80 8.40 7.20 2.56 2.19 18.29
15.50 16.00 6.00 4.88 1.83 15.24

18.50 19.20 8.40 5.85 2.56 21.34

27.10 27.80 8.40 8.47 2.56 21.34

27.80 28.30 6.00 8.63 1.83 15.24

29.00 29.60 7.20 9.02 2.19 18.29

31.60 32.20 7.20 9.81 2.19 18.29

ML-9 15.20 15.70 6.00 4.79 1.83 15.24
18.50 19.20 8.40 5.85 2.56 21.34

25.40 26.60 14.40 8.11 4.39 36.58

35.00 35.70 8.40 10.88 2.56 21.34

37.80 38.50 8.40 11.73 2.56 21.34

ML-10 18.10 18.75 7.80 5.72 2.38 19.81
27.00 28.00 12.00 8.53 3.66 30.48
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INTRODUCTION

This appendix contains the collar coordi-
nates of all holes drilled on Antelope Lake at
the Tonopah Test Range. Locations are
reported in latitude and longitude, UTM coor-
dinates, and Nevada state plane coordinate
system eastings and northings. Note that the
geographic datum used for latitude/longitude
and the UTM coordinates is different than that
for the Nevada state plane system. Use of
coordinate values from one datum with refer-
ence to another datum can result in errors of up
to several hundred feet.

The collar locations were surveyed using a
Trimble Pro XRS global positioning satellite
(GPS) receiver using real-time correction sig-
nals, either from the Wide-Area Augmentation
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System (WAAS) or beacon signals, probably
transmitted by the military. WAAS corrections
are generally considered of lower precision
than beacon corrections, although the differ-
ence is most likely to be meaningless for pur-
poses of drill hole location in the field. The
GPS equipment records locations in native
WGS-84 latitude and longitude, but can export
the data in virtually any desired coordinate
system.

Because of the numbering scheme
employed for drilling at Antelope Lake, coor-
dinates for both cored and rotary holes are con-
tained in a single table, table F-1. However,
rotary (non-cored) drill holes have a suffix, R,
appended to the hole number in table F-1. Drill
holes without this suffix are core holes.
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Table F-1: Drill hole coordinate locations for holes drilled on Antelope Lake
[Geographic coordinates are WGS-84 values by Global Positioning Satellite. UTM coordinates are WGS-84, Zone 11. State Plane Coordinates are Nevada
Coordinate System, Central Zone, NAD-27. An “R” suffix to the Hole ID indicates a rotary drill hole]

Depth Latitude Longitude ~ UTMEast  UTMNorth  Horizontal GPS Vertical  State Plane State Plane g o
Hole Id Precision  Elevation Precision East North
(ft) (degrees) (degrees) (m) (m) (m) (m) (m) (ft) (ft) (ft)
AL-1 100 37.691126075 -116.659768662 529996.3 4171600.2 0.40 1633.2 0.63 502254 1070610 5359
AL-2 100 37.685668692 -116.659722274 530002.6 4170994.7 0.40 1633.3 0.63 502268 1068623 5359
AL-3 100 37.685282490 -116.659534702 530019.3 4170951.9 0.46 1633.3 1.06 502322 1068483 5359
AL-4 100 37.683467734 -116.664302216 529599.6 4170749.1 0.37 1633.4 0.56 500943 1067822 5359
AL-5 100 37.681686253 -116.667739342 529297.3 4170550.3 0.37 1633.1 0.57 499948 1067173 5358
AL-6 100 37.678976184 -116.667732319 529299.0 4170249.7 0.39 1634.6 0.69 499950 1066186 5363
AL-7 100 37.676454295 -116.666846199 529378.1 4169970.1 0.51 1633.0 1.10 500206 1065268 5358
AL-8 100 37.676739119 -116.664319133 529600.8 4170002.5 0.38 1633.2 0.63 500938 1065372 5359
AL-9 100 37.680337325 -116.664285492 529602.4 4170401.8 0.29 1634.3 0.48 500947 1066682 5362
AL-10 100 37.679444411 -116.671103180 529001.5 4170300.6 0.38 1634.4 0.66 498975 1066357 5362
AL-1IR 100  37.679464484 -116.669975167 529101.0 4170303.1 0.39 1634.8 0.66 499301 1066364 5364
AL-12R 100  37.679434507 -116.668845933 529200.6 4170300.2 0.38 1634.8 0.67 499628 1066353 5364
AL-13R 100  37.679438529 -116.666575771 529400.8 4170301.3 0.35 1634.5 0.54 500285 1066355 5363
AL-14R 100  37.680338366 -116.667665599 529304.3 4170400.8 0.41 1633.7 0.74 499969 1066682 5360
AL-15R 100  37.678545019 -116.671120850 529000.3 4170200.8 0.38 1634.3 0.66 498969 1066029 5362
AL-16R 100  37.678538112 -116.669983607 529100.6 4170200.4 0.39 1635.0 0.66 499298 1066027 5364
AL-17R 100  37.678530036 -116.668878564 529198.1 4170199.8 0.38 1634.6 0.65 499618 1066024 5363
AL-18R 100  37.677670771 -116.669985890 529100.8 4170104.1 0.40 1635.3 0.66 499298 1065711 5365
AL-19R 100  37.677650434 -116.667805449 529293.0 4170102.6 0.38 1634.4 0.65 499929 1065704 5362
AL-20R 100  37.677685233 -116.672168832 528908.3 4170105.1 0.35 1634.0 0.53 498666 1065716 5361
AL-2IR 100  37.676795340 -116.669987961 529100.9 4170007.0 0.36 1635.1 0.57 499297 1065392 5365
AL-22R 100  37.680347098 -116.670074428 529091.9 4170401.0 0.39 1634.8 0.66 499272 1066686 5364
AL-23R 100  37.680342385 -116.668806066 529203.7 4170400.9 0.38 1634.8 0.67 499639 1066684 5364
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Table F-1: Drill hole coordinate locations for holes drilled on Antelope Lake (continued)
[Geographic coordinates are WGS-84 values by Global Positioning Satellite. UTM coordinates are WGS-84, Zone 11. State Plane Coordinates are Nevada
Coordinate System, Central Zone, NAD-27. An “R” suffix to the Hole ID indicates a rotary drill hole]

Depth Latitude Longitude ~ UTMEast  UTMNorth  Horizontal GPS Vertical  State Plane State Plane g ion
Hole Id Precision  Elevation Precision East North
(ft) (degrees) (degrees) (m) (m) (m) (m) (m) (ft) (ft) (ft)
AL-24R 100  37.678306302 -116.667773082 529295.6 4170175.3 0.38 1634.4 0.65 499938 1065942 5362
AL-25R 100  37.680432438 -116.672269108 528898.4 4170409.8 0.37 1634.4 0.65 498637 1066717 5363
AL-26R 100  37.679519186 -116.672253900 528900.0 4170308.5 0.37 1634.3 0.65 498642 1066384 5362
AL-27R 100  37.678605137 -116.672213014 528904.0 4170207.1 0.37 1634.4 0.65 498653 1066051 5362
AL-28 100 37.677623228 -116.671113182 529001.4 4170098.5 0.37 1634.3 0.65 498972 1065694 5362
AL-29R 100
AL-30R 100  37.676795588 -116.669990757 529100.7 4170007.0 0.36 1633.4 0.50 499296 1065392 5359
AL-31R 100  37.677621006 -116.668838407 529202.0 4170099.0 0.35 1634.1 0.53 499630 1065693 5361
AL-32R 100  37.681229872 -116.669972033 529100.6 4170499.0 0.35 1633.7 0.53 499302 1067007 5360
AL-33R 100  37.680330352 -116.671117303 529000.0 4170398.8 0.35 1633.5 0.54 498970 1066679 5360
AL-34R! 100 37.672093876 -116.663621674 529664.2 4169487.4 0.35 1633.5 0.52 501140 1063680 5360

1.Hole AL-34 was drilled immediately adjacent to the location of the experimental drop-test known as “TD-2” (Togami, 2002).
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INTRODUCTION

This appendix contains graphic presenta-
tions of the geophysical logs that were
acquired from the drill holes on Antelope
Lake, both core and rotary. Both types of holes
were logged in an identical fashion. Cored
holes were reamed to the full diameter of the
rotary drill holes (~5.25 inches) prior to log-
ging. The contractor for the geophysical log-
ging activities at Antelope Lake was Century
Geophysical Corporation, of Tulsa Oklahoma.

Because both the Main Lake logging pro-
gram described in Appendix C and this log-
ging program were intended to be essentially
the same, much of the descriptive material in
Appendix C beginning on page 95 is relevant
and will not be repeated here. Rather, emphasis
will be placed on the differences between the
two logging programs, and in particular upon
the additional geophysical log traces that were
obtained at Antelope Lake.

THE LoG DATA

Conventional Electrical Logs

In essence, the same, single-tool log suite
that was acquired at Main Lake was again
acquired at Antelope Lake. In addition, the fol-
lowing major log traces were obtained:

1. 16-inch normal resistivity (ohm-

meters)

2. 64-inch normal resistivity (ohm-
meters)

3. Lateral resistivity (ohm-meters)

4. Induction resistivity (ohm-meters)

5. Spontaneous (self-) potential (mil-
livolts)

6. Fluid resistivity (ohm-meters)

7. Sonic logs (interval-transit time
(microseconds per foot)

All of these curves except for the sonic are
“electrical” logs, and as such measure various
quantities about the electrical properties of the
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rocks, the fluids within the formations, or the
interaction between the rocks and the fluids in
the borehole. A few other traces were also
acquired as part of the logging program
because the instrumentation was collocated on
the tools used for the seven traces described
above. These curves are of little value to this
characterization program, and are therefore not
discussed further. The data, however, are
included in the LAS-format log files on the
CD-R in the back of this report.

The 16-inch and 64-inch so-called normal
resistivity curves are quite “old” logging
traces, extensively used in the oil-and-gas
exploration industry. They measure the electri-
cal resistivity of the formation and its con-
tained fluids, but the spacing of the electrodes
(16 and 64 inches respectively) by which these
resistivity measurements are made is different.
The intent is to query the resistivity of the rock
at differing distances away from the borehole
to evaluate the effects of invasion — the
movement of drilling fluids out of the drill
hole and into the rocks themselves. Invasion
effects are important to the evaluation of per-
meability in the oil field.

The “lateral” resistivity is what is known
as a focused resistivity tool. The principal cur-
rent-measuring electrodes are flanked by addi-
tional electrodes that generate another
electrical field thus focusing the lateral resis-
tivity field in a more flattened, ellipsoidal pat-
tern, rather than allowing an unconstrained
spherical field. The intent is to focus the resis-
tivity within a thinner vertical interval, thus
helping to identify thinner beds than is possi-
ble with non-focused tools.

Induction resistivity is yet another measure
of the resistance of the rock-fluid combination
to electrical flow, only the physics of the mea-
surement is different. Rather than directly
measuring the resistance of the formation, a
high-frequency alternating current is used to
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induce secondary currents in the formation,
which are then measured and used to deter-
mine the apparent resistivity of the rock-fluid
environment. The induction tool may be used
in drill holes where the conventional resistivity
tools cannot be used (air-filled holes or holes
drilled with salt-saturated muds) or in which
the formations otherwise exhibit electrical
properties that interfere with the direct mea-
surement of resistance. Induction, per se,
(recorded as millimohs per meter) has been
converted here to its reciprocal, resistivity, in
ohm-meters

The SP (spontaneous-potential or self-
potential) trace is again an older curve derived
from oil-and-gas exploration. The presence of
fluids of differing salinities in the borehole and
in the matrix of the rocks serves as a natural
battery, generating small currents. These cur-
rents can be detected and measured as volt-
ages. The SP log is most useful in holes drilled
with fresh-water muds where the formation
fluids are saline. The SP trace is not particu-
larly informative at Antelope Lake, and it is
not presented on the figures in this appendix.

The fluid resistivity log represents pre-
cisely what the name implies: the resistivity of
the fluid in the borehole. Although required to
make quantitative calculations of various
quantities of interest in oil-and-gas exploration
or water-well drilling, the trace is not particu-
larly meaningful in the current situation. Some
deflections in this log trace may be observed in
a few holes for which fresh water was added
after drilling to bring the fluid leve in the hole
to ground level.

The Sonic Log

The sonic log was run in the boreholes at
Antelope Lake because, under the proper con-
ditions and with certain limiting assumptions,
it is possible to make some interpretations of
the bulk modulus of the rock formations from

226 Appendix G: Geophysical Logs for Drill Holes on Antelope Lake

the P-wave velocity, one of the quantities
obtainable from the sonic-logging process.
The sonic tool has a transmitter near one end
that emits a high-frequency acoustical signal.
This signal propagates through the rocks near
the wall of the borehole and is recorded at two
receivers on the sonde at different locations
separated by a known distance. By analyzing
the recovered acoustic signal at both physical
locations, an estimate can be made of the time
it took the signal to travel between the two
receivers. Hence, microseconds per foot,
which is easily transformed into a P-wave
velocity in feet per second or equivalent veloc-
ity units.

The sonic log gave mixed results at Ante-
lope Lake. Because the measurement of inter-
val-transit time requires the recognition and
distinguishing of a transmitted signal at two
location separated by a time lag, it is critical to
be measuring the elapsed time between the
diachronous arrival of the exact same signal
pulse. The interplay of borehole conditions
and the formations being surveyed may work
to obscure one or the other signals (near or far
spacings), with the consequence that the inter-
val-transit time represents different signal
cycles and thus underestimate the true velocity
of the formation by some integral multiple of
the correct interval-transit-time. This phenom-
enon is referred to as cycle-skipping.

Particularly soft formations may attenuate
the signal such that the signal is not recogniz-
able at one or the other receivers. Also, bore-
hole rugosity that breaks the physical
connection between the tool and the formation
can lead to interpretation of the direct acoustic
waveform, travelling through the drilling mud,
as the arrival of the signal through the rock and
thereby generating erroneous velocity esti-
mates.

Both of these conditions apply at Antelope
Lake. The sediments are unconsolidated and
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many of the drill holes are significantly out-of-
gauge, as indicated by the caliper logs. The
sonic-log data are included in digital LAS for-
mat on the CD-R for archival purposes, but
they are not presented graphically in this data
report.

Data Processing

Both the natural gamma and density traces
are presented in raw and smoothed form in the
figures that follow. This presentation style
allows evaluation of the degree of smoothing
and allows interpretation of the validity of the
geologic features represented, and is consistent
with the style of Appendix C.

Many of the drill holes on Antelope Lake
are out-of-gauge. Some holes are very badly
washed out, particularly close to the surface
where the soft sediments were exposed to the
rotary motion of the drill string and the pas-
sage of circulating drill fluids for the longest
times. In fact, the holes became so large at
places in the subsurface that the standard cali-
per attached to the density tool reached its
maximum extent and provided no meaningful
information regarding the actual diameter of
the borehole. Because the density sonde was
no longer being pressed against the wall of the
hole, the density measurements in these inter-
vals are also suspect.

A non-standard (longer) caliper arm was
obtained and run routinely in most of the later
drill holes. The tool with the extended arm was
also re-run in most (but not all) of the earlier
holes drilled and logged before the extended
arm could be shipped and received. In these
cases, the figures that follow show composite
logs reflecting the multiple logging runs. How-
ever, the data files on the CD contain the origi-
nal data by original run. Note that several of
the Antelope Lake holes were washed so badly
that even the extended caliper exceeded its cal-
ibrated limits. This holes and intervals may be
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identified by a straight-line caliper curve at a
maximum value of 12 inches. See for example,
the log for AL-4 (fig. G-3).

DiscussION

Data Quality

In general, the logs recorded at Antelope
Lake are of good quality, although the density
log in particular is suspect over intervals that
are significantly washed-out. As described in
the corresponding section in Appendix C, it is
the rugosity of the borehole and not the hole
size, per se, that is the most important factor. If
the hole is “generally” enlarged such that the
logging sonde still can conform to the shape of
the wall, the density readings should be mean-
ingful. Of course, if the hole is sufficiently
enlarged that the tool cannot be pressed against
the sidewall by the caliper arm, the density
values will not be representative of the wall
materials. To assist in highlighting the inter-
vals in which the density log may be question-
able, the difference between the nominal size
of the hole (the bit size) and the actual caliper
log has been shaded a light-green color on the
figures in this appendix. Density values over
intervals thus highlighted should be considered
carefully, as the density values shown may be
misleading. In general, the density values
shown for intervals over which the tool sepa-
rated from the borehole wall because of exces-
sive rugosity will be lower than the true
density. More gamma rays will reach the
detector without being attenuated by the rock
mass and thus the counts recorded will be
higher, suggesting a less-dense material. The
density trace is shaded red for those portions of
the hole that exceed a density of 2.0 g/cm3 (the
original definition of a “hard” layer on the
Main Lake). Lithologic symbols for the gener-
alized core logs that accompany the geophysi-
cal data for the relevant holes are presented
below.
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Missing Data

All of the drill holes at Antelope Lake were
logged geophysically. However, hole AL-2, a
core hole, was abandoned at only 20 ft when
mud circulation was lost. Hole AL-3 is a
replacement core hole, drilled only a few tens
of feet away. Because hole AL-2 is so shallow,
we do not present a figure with these logs,
although the original (minimal) log data are
contained in a LAS-format file on the CD-R.
The standard null value of -999.25 represents

Lithologic Symbols

.’ Granules
& Fine Gravel

Granules

Sand
& Granules

Granules,
Silty & Clayey
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i Sand

data that are missing for other operational rea-
sons.

Sand, Coarse -__—____ Clayey Sand
Sand, Medium et ot
B Sandy Clay
Sand, Fine :—EZ—E:% Silty Clay
| Silty Sand EEEE;—:EEEE Clay
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Sandia Antelope Lake Location: UTM inm, WG5-84 Completed: 11/06,/03 Hole: AL-1
National . Project Easting: 5299963 Source:
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Figure G-1 Geophysical logs for drill hole AL-1.
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Sandia Antelope Lake Location: UTM inm, WG5-84 Complsted: 11/07/03 Hole: AL-3

National Project Easting: 5300193 Source:
|aboratories e AL-3_Density:las
Tonopah Test Range Northing: 41709519 AL_J—Rz:jﬁ’;f;m
MG Resistivity 15 Density, glem*3 2.5 3 16-in Normal 300
£ 100 Gamma APl 300 2 Zhlilat = 15 RawDensity 25 3 64-inNormal 300
[ . 2
8 £ 400 RawGamma 300 3 Fluid Res. 300 Geology g Caliper, in 15 3 Lateral 300
[ BitSize 15 3 Resistivity 300
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Figure G-2 Geophysical logs for drill hole AL-3.
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Sandia Antelope Lake
=
Laboratories

Tonopah Test Range

Location: UTMinm, W65-84 Completed:  11/11/03
Easting: 5295996 Source:

Northing: 41707491 AL:4 Densirysias
AL-4_Resistivity las

Hole: AL-4

1.5 Density, glem®3 2.5 16-in Normal 300
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Figure G-3 Geophysical logs for drill hole AL-4.
December 2004 Appendix G: Geophysical Logs for Drill Holes on Antelope Lake

231



Sandia Antelope Lake Location: UTMinm, WG5-84 Completed:  11/12/03 Hole: AL-5
National
Laboratories

Project Easting: 5292973 Source:
e AL-5_Densityl&2 las
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Figure G-4 Geophysical logs for drill hole AL-5.
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Hole: AL-6

@ Sandia Antelope Lake Location: UTMinm, W6S-84 Completed:  11/14/03
National Project Easting: 5292990 Source:
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Northing: 4170249.7 A0 Cenciiyoiar
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Figure G-5 Geophysical logs for drill hole AL-6.
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Sandia Antelope Lake Location: UTM inm, WG5-84 Complsted: 11/17/03 Hole: AL-7
National Project Easting: 5293781 Source:
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Figure G-6 Geophysical logs for drill hole AL-7.
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Sandia Antelope Lake Location: UTM inm, WG5-84 Complsted: 11,/18/03 Hole: AL-8

National Project Easting: 5296008 Source:
Laboratories Northing: 41700025 ALt Deasiiylas
Tonopah Test Range g AL-8_Resisitivity. las
MG Resistivity 15 Density, glem™3 25 3 16-in Normal 300
£ 100 Gamma API 200 3 R 2 15 RawDensity 25 3 64-inNormal 300
[ o] . z
8 £ 400 RawGamma 300 3 Fluid Res. 300 Geology ¢ Caliper, in 15 3 Lateral 300
0 BitSize 15 3 Resistivity 200
0— T |
: t == —
- L i -~
10 it == Sl
| == . e /
ey ¢f_
y e e
i == : i =
20 ) = =
i = 7]
30 — '
i / \
| ) {
_ \ ¥
40 | {
; | |
50| {’ = {
60 ——
70 = —Jj
20 =
i i ==
B r = [
1 == e il
90 —| » '
100 —| = =

Figure G-7 Geophysical logs for drill hole AL-8.
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Sandia Antelope Lake Location: UTMinm, W55-84  completed: 11/19/03 Hole: AL-9
National Project Easting: 5296024 Source:
Lahoratories Northing: 41704018 AL-9. Densitylag
Tonopah Test Range o AL-9 Resistivity las
MG Resistivity 1.5 Density, glem®3 25 3 16-inNormal 300
£ 199 Gamma APl 300 3 RALE 2 15 RawDensity 25 3 64-inNomal 300
o= s 5
8 S oo Raw Gainig 500 3 Fluid Res. 100 GeOIOgy 0 Caliper, in 15 3 Lateral 300
9 _____ Bit Size 15 3 Resistivity 300
0 = S ;
PO D | I
i == ?
1 == F
1 = ;' <
10 x —
! ) = ‘ <L
- \ [ 1,
s e
20~ = e
i i — - &
l | = )
| ¢ = [
i L — - W
30 - e L }Qw P
| = B
T ettt
i g : j e
40 j : ( A
] {
, 11
] | == 1)
50 — fj == !/
| 3 = Iy
i | B L
f 0 — )]
¥ = j |
60 == ﬂ 1
70 = = R
1 y ==
80 ) =
i ) = i
o & ’-
90 —
100 —
Figure G-8 Geophysical logs for drill hole AL-9.
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(@) =
National
Laboratories

Antelope Lake
Project Easting: 5290015 Source:

Tonopah Test Range

Location: UTM inm, W65-84 Completed: 11,21/03 Hole: AL-10

AL-10_Density. las

Northing: 4170300.6
AL-10_Resisitivity. las

MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 200
£ 109 Gamma APl 300 2 siia] g 15 RawDensity 25 3 64-inNormal 300
oo S 5
S5 100 RawGamma 30 3 Fluid Res. 200 G0y o caliper, in 15 3 Lateral 300
9 _____ Bit Size 15 3 Resistivity 300
0 = — 4 }
| Y =7 3
| { ==
10 =
] | ==
20 = /
] == i
| = H ﬁ."
! e ) :
1 == I
il i
l [/
1 = 1y
w0 = i
] ! e [l
] [ ==
1 % ==
50 - B=E E
4 L == o
i { — 5
| ) = x
g { == et
60 - f = N
- e s [
| i e
1 | - R
] f — 3
70 | - Namai
| | - Quam
] I == I
] 5 = ‘
30 ? — ;
] i S
1 i =
| [ ==
Bt e == L] Il
— i |
100 ==
Figure G-9 Geophysical logs for drill hole AL-10.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 11/24/03 Hole: AL-11
m WI I - Project Easting: 5291010 Source:
Northing: 4170303.1 AL-11_Density las

Tonopah Test Range AL-11_Resistivity.las

MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 100 Gamma APl 300 3 Silla ol 15 RawDensity 25 3 64-inNormal 300
o : : ; ’
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology Caliper, in 15 8 Lateral 300
0 Bit Size 15 3 Resistivity 300
0— :
] / !
i [ ‘ K
1 /
10 (j_
20 - |
i b, ivan
_ \ /1]
i / /
i 'z I
30 |
i { 1]
| / [
_ { ]
] e i
40 :
| ; I
l ] (l
1 4 =
+ %
50
i {
_ /
_ {
i <f
60 |
i !
i \
70 \
7 i
| a
80
, ]
i ¢
_ b
_ :
90 — l
l i
100 —

Figure G-10 Geophysical logs for drill hole AL-11.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 11/24/03 Hole: AL-12
m National Project Easting: 5292006 Source:
Laboratories Northing: 4170300.2 ALslis Menslipias
Tonopah Test Range g AL-12_Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 T
I
] |
] I
10 | ﬂ‘d-
, z
20
i <
_ )
30 — (
] {
i A
i 4
3
40 /
, [ Miimn
2 ? T
’ H | M——
50 } =Ty
--::}
] ] =
— i
60 Voatl's
70 — E
80 g
] )
90 :
=3 h’
100 —
Figure G-11 Geophysical logs for drill hole AL-12.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 11/25/03 Hole: AL-13
National Project Easting: 5294008 Source:
Laboratories Northing: 41703013 ALt Lensipcles
Tonopah Test Range g AL-13_Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ B _camma APl o 2 phire 2 15 RawDensity 25 3 64-inNormal 300
a = : ; - s
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 = ;
i o
i = .
, J i
10— 1
* J r
20 — P " L
i A/
i i
] i/
_ )
30 — il
] [
i f
40
50 — f
60 :
70 —
30 | iy
: A e Tl
B
i ;
90 — B t] T‘
. fi
100 —
Figure G-12 Geophysical logs for drill hole AL-13
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Sandia Antelope Lake Location: UTM inm, W&5-B4 Completed:  12/01/03 Hole: AL-14
m National Project Easting: 5293043 Source:
Laboratories Northing: 4170400.8 ALt Menslipcias
Tonopah Test Range g AL-14Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
00— =
j I
J :
i =
, i
10 1
20| | P it
| { P/
_ ] i
i } i/
30 —
40
50 — E i
] l
_ /
i i
([P &
60 — Ty --'3)5:"«:
i [ iy
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. ¥ 4
i e
70 +
y i i
80
B <
90 —
100 — ¥
Figure G-13 Geophysical logs for drill hole AL-14.
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MNational Project Easting: 5290003 Source:
Laboratories

Sandia Antelope Lake Location: UTM inm, WG5-84 Completed:  12/02/03

AL-15_Density las

242

Northing: 4170200.8
Tonopah Test Range g AL-15_Resistivity.las

Hole: AL-15

MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
i T
i ( _
i [
10
l )
| -
i { o
20| (3 f j
] u ,
i f /
4 E }I
30 — 1
j ] |
i {1
40 "
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i {
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i ] (l
4 ! ! |
60 — ‘; -
] ]
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i {
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80 }l
] S
i )
- |
90 —
i 9
] {
i /
100 —
Figure G-14 Geophysical logs for drill hole AL-15.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/03/03 Hole: AL-16
m National Project Easting: 5291006 Source:
Laboratories Northing: : AL-16_Density. las
Tonopah Test Range g7 AETeE0a AL-16_Resisitivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 i i
I , -
j S
i [
10— ’
l )
i / 7
20
30 —
40
| (
, ¢
, {
50 — {
] {
i {
i |
60 — {
] ;
i /
i :
70 — %
| I €l
80— f £
1 |
1 ‘ i
90 — e -
b } il i
- B
100 — 4
Figure G-15 Geophysical logs for drill hole AL-16.
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Sandia Anelope Lake Location: UTMinm, WES-84  Completed: 12/03/03 Hole: AL-17
m National Project Easting: 529198.1 Source:
Leboratories :ﬂ- R Northing: 41701998 AR Denalch
onopal Testkange AL-17_Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 190 Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
o : : ; ’
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
10
20
30 — |
1 A
} 4l
_ {
40 §
i )
7 AT
50 — vl
i il
| 4 'l
] { 1
60 — ’{
] )
] ]
i |
70 } ﬁ
| ! J
80 {} E
: ; it
90 — | po
100 —
Figure G-16 Geophysical logs for drill hole AL-17.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/04/03 Hole: AL-18
m National Project Easting: 529100.8 Source:
Laboratories Northing: 41701041 ALier Menslipias
Tonopah Test Range g AL-18 Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 —
= £
! P
10 !'
i S8 s
e f11 g
i ok
20
i r |
30 | |
] [ f?
i s )
_ { f
40 ]}
| 4
50 f
i It
i I
60 —
] \
70 — i
| ;
80 ?
] )
90 — |]
] \%
100 — £
Figure G-17 Geophysical logs for drill hole AL-18.
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Sandia Ante|0pe Lake Location: UTM inm, W65-84 Completed:  12/04/03 Hole: AL-19
m National ! Project Easting: 5292930 Source:
Laboratories Northing: 41701026 R
Tonopah Test Range - AL-19_Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 190 Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
o : : ; ’
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 o
a3 A
ot { £
10 [
20
il f
i {
30 — rl
40—
] ?f A
50 — z
] I §
i { ;
60 — '
7 o
70 —
i il
@
80
] |
_ !
90 — l
! :
100 — g {

Figure G-18 Geophysical logs for drill hole AL-19.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/05/03 Hole: AL-20
m National Project Easting: 5289083 Source:
Laboratoris Northing: 41701051 AL, Densiglgs
e - AL-20_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 —7 :
i [ ==
| /-
10 S [
i -
i { .
20
j [
i |
30 f
] | J
i [ (
i |
40
1 L
50 —
] ) |
_ { i
} {
60 — ei
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i [
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80 | j e
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90 — e
= [ % : b
N L
gLy
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100 JB
Figure G-19 Geophysical logs for drill hole AL-20.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/05/03 Hole: AL-21
m National Project Easting: 5291009 Source:
Laboratoris Northing: 41700070 A2t Pesninycie
Tonopah Test Range - AL-21_Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 —7 :
: g "') f o |
b
10— {
7 ) ,..-=,_.: e
: iy
20 f
] !
30 — )
40
50 — ‘J
] { |
j ) /
i |
60 ;! S
] \
i |
70 — sl
80 — "
i b
90 {
100 | 4
Figure G-20 Geophysical logs for drill hole AL-21.
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Hole: AL-22

Sandia Antelope Lake Location: UTM inm, WG5-84 Completed:  12/08/03
m National ! Project Easting: 5290919 Source:
Laboratories Northing: i AL-22_Density las
e g ATRDLE AL-22_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl a 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
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] ¢
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80 — {e
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] i
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100 —
Figure G-21 Geophysical logs for drill hole AL-22.
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Sandia Ante|0pe Lake Location: UTM inm, W65-84 Completed:  12/09/03 Hole: AL-23
m National Project Easting: 5292037 Source:
Laboratoris Northing: 41704009 ALes, Dennysloe
Tonopah Test Range - AL-23_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 190 Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
[~ ; : ; ’
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
.l il 1]
and e } J
10
20
30 —
40— }J
50 — }
i }> o
60 — }
70 — ik
1 %)
80 ]
90 —
100 —

Figure G-22 Geophysical logs for drill hole AL-23.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/12/03 Hole: AL-24
m National ! Project Easting: 5292956 Source:
Laboratoris Northing: 41701753 Al Depsiglgs
e - AL-24_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
i i
10—
l s L
\
20 ‘3
] /
30 — }
40
i | L
50 — ?‘
] {
i I
i i
60 —
70 —
80—
90 — 1%
i 12|
_ 4*
_ i
100 —
Figure G-23 Geophysical logs for drill hole AL-24.
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Sandia Antelope Lake Location: UTMinm WES-B4  completed: 12/19/03 Hole: AL-25
m National Project Easting: 5288984 Source:
Laboratoris Northing: 41704098 Al Depsiglgs
e - 2 AL-25_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 7
I / =
I " Y ;? o
, | i g
10 | [
: B
20 ¥
30 —
o .
i ,
i }
40 7
i I
, ) :
, s
i 1
50 — 1
] 1 J
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- {1
_ d
i ]
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70 — )
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| I Il
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i /
90 — },
: ]
1 el
100 —| /
Figure G-24 Geophysical logs for drill hole AL-25.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/12/03 Hole: AL-26
m National Project Easting: 528900 Source:
Laboratoris Northing: 41703085 Alo Densinlgs
e - AL-26_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl a 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 ]
i =
] iy
10 Ayl
, {
: P ai
20
] [
30 — ),t
] !
40 —
| {
i \[ )
50 — 5
| / r
] ;) ‘
60 — 1}
] )
i ¢
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) il) T
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] {L by ]
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] il
100 —| i
Figure G-25 Geophysical logs for drill hole AL-26.
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Sandia Antelope Lake Location: UTMinm, WES-84  Completed: 12/13/03 Hole: AL-27
m Mational i Easting: 528904.0 Source:
e Y Northing: 41702071 27 Dy os
Tonopah Test Range ' AL-27_Resistivity.las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 190 Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
o = : : ; g
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0 —
i f
] {a
10 | :
| v
20 I
30 -
40 | !
50 5 ;
o } | 1
e iy
i | i
70 %
¢ i
] | i |
1 i Eas
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=] (1 5
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100 — £l

Figure G-26 Geophysical logs for drill hole AL-27.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/15/03 Hole: AL-28
m National Project Easting: 5290014 Source:
Laboratoris Northing: 41700985 B Desinlgs
e - ? AL-Z8_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
Q = : 5
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
2 Ny
] (
, ( /
10—
, Ll
| J 7
20 '
30 —
40- , E
] [ ===
. ) E-
1 ? ==
50 ) ==
] { =
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100 | VN ]
Figure G-27 Geophysical logs for drill hole AL-28.
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Sandia Antelope Lake Location: UTMinm, WES-84  Completed: 12/15/03 Hole: AL-29
II' National Project Easting: Source:
Laboratories fs AL-29_Density las
Tonopah Test Range Nerthing: AL-29_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
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] i
i 7 |
10 .
, il
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20
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Figure G-28 Geophysical logs for drill hole AL-29.
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Hole: AL-30

Sandia Antelope Lake Location: UTM inm, WG5-84 Completed: 12/16/03
m National Project Easting: 5291007 Source:
Leboratories :1 — Northing: 4100070 AL70), Dinsisylos
UL ST e 2 AL-30_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
10 Ies
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20 SR
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Figure G-29 Geophysical logs for drill hole AL-30.
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Sandia Antelope Lake Location: UTMinm, WES-84  Completed: 12/17/03 Hole: AL-31
m II““I'"' ﬂl ; Project Easting: 5292020 Source:
Northing: 4170099.0 AL-31_Density las

Tonopah Test Range AL-31_Resistivity.las

MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl a 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
S E 100 RawGamma W 3 Fluid Res. 200 ©0lgY o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0— —
| |
: [ i
20 }
30 —
] [
i {
_ }
40 }(
| (
1 !
+ |
50 — :
| S g
i { i
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i {
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Figure G-30 Geophysical logs for drill hole AL-31.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 01/26/04 Hole: AL-32
m National Project Easting: 5291006 Source:
Laboratoris Northing: 41704990 Ai-e Desiglgs
e - = AL-32_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 1% Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
a = : ; - s
g € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
i <
i )
-1 iy
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10 g i !
: . e c(_r i
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j ] A
_ g “:_‘
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Figure G-31 Geophysical logs for drill hole AL-32.
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Sandia Antelope Lake Location: UTMinm WES-84  completed: 12/18/03 Hole: AL-33
m National Project Easting: 5290000 Source:
Laboratoris Northing: 417039838 Al-o0, Dennislos
Tonopah Test Range - AL-33_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 190 Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
o : : ; ’
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
j (
10 — j i =
20
] )
i }
- |
30 —
j {
i {
i 1
i |
40 — j) p 5
| 29 5 |
5 |
i 3§
50 — J ‘-13'
- { [
| } . 31:“
_ : 1
H i
7 i
60 -
_ ) B
i ( b3
i ‘] g":'”‘h
{ gl
i | :
70 — £
1 ?
i !
. i
80
i |
/
7 i
i i
90 -
] b
100 —

Figure G-32 Geophysical logs for drill hole AL-33.
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Sandia Antelope Lake Location: UTMinm, WES-84  Completed: 01/26/04 Hole: AL-34
m National Project Easting: 529664.2 Source:
Leboratories :1-,- R Northing: 4169487 4 Aot Dinsinye s
onopal Testkange AL-34_Resistivity. las
MG Resistivity 1.5 Density, glem®3 2.5 3 16-inNormal 300
£ 190 Gamma APl 300 3 sl celll 15 RawDensity 25 3 6d-inNormal 300
o : : ; ’
8 € 100 RawGamma 200 3 Fluid Res. 200 Geology o caliper, in 15 3 Lateral 300
0 Bit Size 15 3 Resistivity 300
0_
- / i
o i
i b
i J,"
10 F id
| &
f N
| J 2 l/ [
20 |
i | L]
_ { Al
| il
30 — i
] )]
i { Y
] ] I
40 {
| }
, )
50 — ;
60 —
70 —
80 | R
i 3 X
i N
90 —
100 —
Figure G-33 Geophysical logs for drill hole AL-34.
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INTRODUCTION

This appendix presents graphical geologic
logs of the core that was obtained from drill
holes AL-1 through ML-34 Emphasis is pri-
marily on the geology — lithology, grain size,
fractures (if any), and other visually observ-
able features — of the core itself. Core recov-
ery is also presented, as this value reflects the
maximum possible “quality” of the core
description. Lost core cannot be described, and
thus descriptions from intervals of severe core
loss are potentially suspect. A simplified ver-

& Fine Gravel

s '33 Granules ’

SOSTETE

Granules ‘

Sand

December 2004

Lithologic Symbols

. Sand

Sand, Fine

sion of the geophysical log suite from Appen-
dix C is also presented for direct comparison
with the lithologic descriptions. The core log-
ging effort for the Antelope Lake drilling was
identical to that employed at the Main Lake, as
described in Appendix D, beginning on

page 187. That descriptive material is not
repeated here. Lithologic symbols used on the
core logs are shown below.

 Sand, Coarse |~_——— Clayey Sand
| Sand, Medium [T
............ Sandly Clay

= Silty Clay

= o
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Sandia Antelope Lake Location: Easting:  529996.3 Source: Hole: AL-1
- National 4 Project UTM inm, WGS-84 Norlhu"lg.' 4171600.2 AL-I_DenIs.er.:‘as Completed: 11/06/03
s = Laboratories Tonopah TestRange  Elevation:  n/a AL-L_Resistivity.Jas page 1 of 2
% E . - . . L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 "‘«-.._\_h!
}‘Ix SILTY CLAY: red-brown; hackly texture
N .
4 1" = || SAND & GRANULES: interbedded sifts, sands, granules
5 i \69;4 NULES: thick-bedded, granules to 5 mm
i I
| P | s71. TV CLAY: red-brown
1 ot }
y |t SAND, Coarse: red-brown: coarse sand, « 15% granules
10 ¢ :
P \SA ND & GRANULES: some pebbles; coarse sand is unsorted
3
Iy ] APT
4 3 =1\ SAND: med- to coarse grained. unsorted; minor granule content decreases downward
15 8 _ | SAND & GRANULES: red-brown, sparse pebbles; unsorted: mixed lithologies
§ .
r 5
h
{( ¢ = SAND, Fine: fine grained: well sorted
¢
% X | SAND & GRANULES: some pebbles; coarse sand
) 1\ |
20 : v, SAND, Coarse: coarse grained: some pebbles; unsorted
\
)/ || SAND & GRANULES: some coarse sand; unsorted
{ 3
o 4 ;
> M SAND, Fine: fine-grained, well sorted; local clayey beds with indistinct, gradual contacts
> .
25 : |
£ mr. SAND & GRANULES: fine- to med-grained with 10-20% granules, poorly sorted: granule
| content decreases downward
SAND & GRANULES: coarse-grained: max. dimension 10 mm
30
” 3 =l SAND: med- to coarse grained; some granules grading downward fo finer sands; max. Q"am?gfs 4
- - to 10 mm; thin beds ~0.1 ft thick '

Figure H-1

|} ¥
Geologic core log and geophysical logs for drill hole AL-1.
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Sandia Antelope Lake Location: Easting:  530019.3 Source: Hole: AL-3
i ! Pl‘oject UTM inm, WGS5-84 NOdhl‘f'Tg.' 41709519 AL'3_DB”.5"’_.V-?-M§ Completed: 11/07/03
Laboratories Tonopah TestRange  Elevation:  n/a AL-3 Resistivity2.Jas page 1 of I

Geology by: Ron Graichen

(ft)
Depth
(m)

Gamma Density MG Resistivity Geology Lithologic Description Recovery

0—0 <
+ (.5 Clay: red-brown, hackltexture, very sectile; no observable clastics
4 {
10 ¢
4 ) B
- 5 I.‘
20T T
- P
1 4 i Sand & Granules: coarse to very coarse sand with granules and some pebbles to 12 mm; poorly
: 2 defined interbedding of granules and sand to 23 ft
30— - g of g
— i :
— 10 } $
58 ¢ 3
g ? ]
5 L.
) "‘: Ch Sand
4 ayvey San
50— 15 - >
T { = \.Sand & Granules
T X ¢ ==
60— f — ] \5.*}'?}/ Clay: red-brown
i b 4 =
—20 o = — — | Clay: red-brown, hackly texture with small black patches of MnOx on frax.: clay is hard and
70 — ———\ 0s been sheared (slicks)
+ 4 __—_; Silty Clay: red-brown clay with minor (2-3%) fine gritty sand/silt: some carbonate "growths"
80 ZF — —| /nnclay as [t-tan harder patches up to 2 cm, esp. between 64-70 ft. Fine sand content
T—25 increases downward.
90 I Clayey Sand: Fine fo medium sand
T Sandy Clay
130 ’
100 ] L= Sand, Coarse: poorly bedded: some sandy clay

\ Sitry Cloy |

Figure H-2 Geologic core log and geophysical logs for drill hole AL-3.
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Sandia Antelope Lake Location: Easting: 5295996 Source: Hole: AL4
National Project UTMinm W6S-84  Northing: 4170749.1 AL-4_Density.las Completed: 11/11/03
€ . Laboratories Tonopah TestRange ~ Elevation: 1634 AL Rexietjvifylas page 10f 1
% E . = . . . Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 fy St
- = CLAY: red-brown, hackly broken surface texture: no observable silt or sand: strong reacﬁanj
5 B A to HCl a few sand grains below ~23 f1. :
d -]
ks =
5 : -
X J =
{ A CLAYEY SAND: with coarse sand and some granules
: y
h“‘s [ CLAYEY SAND: mostly coarse sand, less clay; soft
- =N
S l> SAND, FINE: very fine angular sand, clean clear grains; no clay
3
} 7 - ;: SAND, MEDIUM: medium fo coarse grained, little clay; poorly defined interbedding of fme.; ’
kY |\ and coarser sand ]
H 4 i
3
15 é - SANDY CLAY: red-brown, mostly fine to medium sand grains, coarser down to 38 ft, finer
? below; Irregular calcite "growths" 38-40 ft
,‘J-
E 3 SILTYCLAY: red-brown; silt content diminishes downward
2 5
{ 3
20 ] {
' N
3 f
3 )
> ~
‘ 4
3 3
'l B
¥ <
Ny
30 i

Figure H-3 Geologic core log and geophysical logs for drill hole AL-4.
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Sandia Antelope Lake Location: Easting:  529297.3 Source: _ Hole: AL-6
- National 4 Project UTM inm, WGS-84 Norlhu"lg.' 4170550.3 AL-5_ Denlsrjf{&z.fas Completed: 11/12/03
£z Laboratories Tonopah TestRange ~ Elevation:  n/a AL-3 RexierivifyIdz.ias page 10f 1
v = . - . . L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
(o} 7
}i z Silty Clay: red-brown, very slightly silty: calcareous
} =
{ e —
Y I
i =5
L K=
F 4 BT ==
b ~ —
g e =
5 { o
L4 =]
10 5 = = Sandy Clay
2 ] E——
\; g = Silty Clay: red-brown, very slightly silty; calcareous
3 e
iy g
s [ ! =
2 =
7 =
& ==
X 4 T
b — ]
3 )
¢ , —-
20 é \
} A Clay: red-brown, very plastic; no observable clastics
2
4
4 4
25 {2
f} 5 Silty Clay: sand grains 2-3% up to 0.5 mm; sand content increases dowmwvard
h
30

Figure H-4

Geologic core log and geophysical logs for drill hole AL-5.
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Sandia Antelope Lake Location: Easting:  529299.0 Source: Hole: AL-6
National Project UTM inm, W65-84 Northing: 4170249.7 AL-6_Densitylas Completed: 11/14/03
€ . Laboratories Tonopah TestRange ~ Elevation:  n/a AL-8_Rexietivifylas page 1of 1
% E . - . . L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0 7
Silty Clay: red-brown, plastic clay with very minor silt content; possible soft-sediment
? deformation; calcareous
£
;\' -
5 s
:":,
< -
i 4.
[4 4
N F
10 {" “ ‘1| Sandy Clay: red-brown clay with ~10% medium-grained sand
g {‘\ Silty Clay: red-brown clay as above, but with silt; irreqgular patches of It-tan carbonate
E [ material 48-52 ft: blacks specs of MnOx(?)
L ]
15 s
S e |
s
>
)
g
J
L FE
20 < &
3 i ) ;
5 4 Clay: very plastic; no silt
2
<_ ‘\
4{' 4 Silty Clay
25 { <t
{f 3 Sandy Clay: red-brown clay with up to 10% medium-grained sand
L
i
A%
30 {
¥

Figure H-5

Geologic core log and geophysical logs for drill hole AL-6.
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Sandia Antelope Lake Location: Easting:  529378.1 Source: Hole: AL-7
National UTMinm W6S-84  Northing: 4169970.1 AL-7_Density las Completed: 11/17/03
= z Laboratories Tonopah TestRange  Elevation:  n/a Ab=T_Resisriviiyclos page 1 of 1
v = . o= | . ) L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
Q S
'; Clay: red-brown; very plastic: no silt
<
;} & Silty Clay: red-brown clay with 1-3% silt and locally some sand: calcareous; local zones of
3 irreguiar, patchy carbonate overgrowths
b
5 f
Silty Clay: as above, only less silt; more plastic
pd Silty Clay: red-brown clay with [-37% silt and locally some sand; calcareous; local zones of
’1‘ i irreguiar, patchy carbonate overgrowths
10 4 ¥ )
b b Sandy Clay: up to 5-77% medium- to coarse-grained sand
-
i
Silty Clay: red-brown clay with 1-3% silt and locally some sand; calcareous; local zones of
b irregular, patchy carbonate overgrowths
{
15 P4 4
£. =
5
Vi p
b 2
& -
{ I;
20 3 Clay: virtually no clastic content: very plastic and sectile
y
5
% Silty Clay: red-brown
L
1:; 74 Sandy Clay: only slightly more sandy
b N
25 4 9
S e Silty Clay
‘3 P 554
3 4 Sandy Clay: larger sand grains than 79-81 ft; medium and coarse sand grains to 5-7%; patc/ge e
&= carbonate overgrowths
949
30
1000

Figure H-6 Geologic core log and geophysical logs for drill hole AL-7.
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Sandia Antelope Lake Location: Easting: 5296008 Source: Hole: AL-8
- National Project UTMinm W6S-84  Northing: 4170002.5 AL-8_Density Jas Completed: 11/18/03
s = Laboratories Tonopah TestRange  Elevation:  n/a AL-8 Resisitivily.los page I of I
% E . - . . L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
Q 3
hy ! Silty Clay: red-brown, with minor silt (2-3%) and trace sand: somewhat plastic: MnOx specs
b 53
Fi ? :‘h
5 & “‘
K >
2 Y
. 7
z !
} Sandy Clay: red-brown clay with med-grained sand to 10%; less plastic, more crumbly:
10 hY C rectangular fracture
{ 3
{; B Sand & Granules
3 i
‘{l Sandy Clay: sand content decreases downward
2
15 ?: - Silty Clay: red-brown: 1-2% silt; more plastic
j »
> (] Clay: trace silt; v. plastic
f!
1 Silty Clay
20 3
38
it
<
g
%
i
25 ¥y Sandy Clay: 10% med-grined sand in red clay; semi-plastic
ht
B 1 Silty Clay
3 Sandy Clay
30
Silty Clay

Figure H-7 Geologic core log and geophysical logs for drill hole AL-8.
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Sandia Antelope Lake Location: Easting: 5296024 Source: _ Hole: AL-9
- National Pr Oj ect UTM inm, WG5-84 Northing: 4170401.8 AL-2 Density las Completed: 11/19/03
gz Laboratories Tonopah TestRange  Elevation:  n/a ;L‘f'—”“’"";"”yg"‘, ; page 1 of 1
& eolo : Ron Graichen
8 Gamma Density MG Resistivity Geology Lithologic Description 9y by Recovery
(o] 3 ——
3 = | Silty Clay: red-brown clay with 2-3% silt; plastic; calcareous
J e
3 | Ry
) = ==
5 { > ==
Te Pl
4 ’ =i
A ¢ =i
e == Sandy Clay: becoming clayey sand downward
S TN
) TRl
10 < = o ——— | Sand: It-grey, v. angular, v. Fine sand: possibly fragmented crystal ash-fall tuff info deep
{ o water
5 p el
§ 5 T \zf' layey Sand: med-coarse sand
- U |
=y /
15 { )\ Sandy Clay
3
5} Clayey Sand
<]
g o \50#0’}/ Clay: sand content diminishes downward
20 4 I¢
fi { Silty Clay: red-brown, very mionr sand: silt 4-5%; irregular calcareous overgrowths
4
Z
]
(} ]
(3 >
25 ¢ 2
/
} L o Sandy Clay: red-brown clay with 2-3% med. grained sand: increasing sand content downwar 70
T N ~10%, some coarse sand; somewhat plastic
30 4

Figure H-8

Geologic core log and geophysical logs for drill hole AL-9.
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Sandia Antelope Lake Location: Easting:  529001.5 Source: Hole: AL-10
National Pr Oj ect UTM inm, WG5-84 Northing: 4170300.6 AL-10_Density las Completed: 11/21/03
= z Laboratories Tonopah TestRange  Elevation:  n/a AL=4O. Revieilivityor page 1 of 1
v = . o= | . ) L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
Y e
‘J L — ——| Silty Clay: red-brown, hackly texture, strongly calcareous:; silt and fine sand 3-4%
£ Boss =5
= e
L e —
2 = ==
5 7 i
b iy =]
3 = e
1] b =]
L § ' e=rptesy
b} 4 ]
5 |
2. ==
10 ii — Sandy Clay: sand < 107%
» Ot
> 2. B
L < — = SiltyClay
1 1 ==
3 =
i = : —
3 =
! ——
P |
1 { ]
1 b [y}
4 =
g £ ==
20 e ‘ =5
2 ]
P ==
L8 =il
2 ===
3 e
f/ ——— Sandy Clay: 5-10% rounded medium sand grains
& > { —=
5 < [— i1y Cly
e } ——\ Sandy Clay
30 -+ |— =l siry cloy
Sandy Clay

Figure H-9 Geologic core log and geophysical logs for drill hole AL-10.
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Sandia Antelope Lake Location: Easting:  529001.4 Source: Hole: AL-28
- National Project UTMinm W6S-84  Northing: 41700985 AL-28_Density.las Completed: 12/15/03
gz Laboratories Tonopah TestRange ~ Elevation:  n/a AL-28 Rexietiniyloe page 1 of 1
v = . o= | . ) L Geology by: Ron Graichen
a Gamma Density MG Resistivity Geology Lithologic Description Recovery
0
C\1 1 Clay: red-brown, very minor silt (1-2%); calcareous
b ety
-5
3
ﬂ 4
5 4 S
A
1 { s
g Silty Clay: slight increase in silt content
% % :
; ] Clay
10 <
)]
’}
b
Y
(4
{. <
15 ‘15
2
2
? =
g4
i
3
i
20 ¥
¢ 4
4
<
%
{ ¢
5
25 ;
Y i
5. ¢
2 &
£
30

Figure H-10 Geologic core log and geophysical logs for drill hole AL-28.
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INTRODUCTION

This appendix contains the results of labo-
ratory material-properties testing on specimens
removed from the core drilled at Antelope
Lake. Specimens were tested both in hydro-
static compression and in triaxial compression.
The final laboratory values are given in table I-
1. A full discussion of the laboratory testing
procedure and the implications of the results is
beyond the scope of this data report.

The use of rotary drilling for the majority
of holes comprising the confirmatory grid lim-
its the amount of core that is available for sam-
pling and material-properties testing.
However, the combination of confirmation of
surface geophysics by the core and downhole
geophysical logs and the confirmation of the
downhole geophysics by the core across a
broad spectrum of lithologies from very coarse
to fine strongly suggested that the geophysical
logs would be a sufficient indicator of suitable
materials.

We sampled the available core with two

objectives that were believed compatible with
definition of a suitable test area and aim point.

December 2004

(1) We collected samples of the “hardest”
material in each core hole within and adjacent
to the 500-m-diameter test area. Typically, this
was done using the most dense interval on the
geophysical log, but physical hardness deter-
mined with a knife blade was also considered.
(2) We also collected some samples of coarser-
grained materials from holes farther away
from the test region.

The object was to collect material that
would both yield “worst-case” compressive
strengths and provide a crude correlation
between the geophysical-log signatures and
lab-measured material properties. If the identi-
fiably hardest/densest/coarsest materials from
within the grid-defined test region do not pose
a problem for penetration as determined by
numerical calculations (e.g., cavity-expansion
models), then presumably the softer materials
inferred elsewhere in the section via downhole
geophysics should not either. Laboratory test
results for the selected core specimens are
reported elsewhere. However, it should be
noted that the “average” of the properties
reported by the rock-mechanics laboratory
may overestimate the overall strength of the
bulk of the materials within the target region.

Material Properties Data from Antelope Lake Samples 279
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Table I-1: Laboratory test data for samples collected from Antelope Lake drill holes
Core samples tested by the rock mechanics laboratory at Sandia National Laboratories, M.Y. Lee and D.R. Bronowski. --: not applicable]

Depth Interval

Confining Peak Axial

Test ID II-?:IZ Top Bottom Di(::r:;t)er L(:e:g;? Di(ar:‘nme;er L(enr: gt)h W((aig)lht De/ns|§y Pressure Stress
(ft) () g (g/cm”) (MPa) (MPa)
Hydrostatic Compression Tests
AL-HCO1 AL-10 15.10 15.30 2.55 2.58 64.77 65.53 413.0 1.91 -- --
AL-HCO02 AL-28 23.90 24.10 2.43 2.20 61.72 55.88 307.0 1.42 -- --
AL-HCO03 AL-06 35.40 35.60 2.37 2.33 60.20 59.06 322.9 1.92 -- --
AL-HCO04 AL-09 31.80 32.00 2.44 2.32 61.98 58.93 208.1 1.17 -- --
AL-HCO05 AL-05 35.30 35.50 2.40 2.38 60.96 60.45 337.5 1.91 -- --
Triaxial Compression Tests
AL-TCO1 AL-10 14.50 14.95 2.44 4.98 61.98 126.49 748.9 1.96 20 7.49
AL-TCO02 AL-06 34.10 34.55 2.35 4.86 59.69 123.44 635.0 1.84 10 12.41
AL-TCO03 AL0-6 15.65 16.00 2.41 4.19 61.21 106.43 582.2 1.86 5 7.23
AL-TCO04 AL-10 37.05 37.45 2.44 4.70 61.98 119.38 687.0 1.91 10 4.13
AL-TCO05 AL-23 34.35 34.75 2.41 4.48 61.09 113.67 653.2 1.96 20 5.65
AL-TCO06 AL-06 48.35 48.70 2.33 4.05 59.18 102.87 530.0 1.87 20 17.35
AL-TCO07 AL-04 23.60 24.00 2.40 4.70 60.96 119.38 707.0 2.03 10 3.18
AL-TCO08 AL-05 34.80 35.20 2.40 4.79 60.83 121.67 684.0 1.93 20 17.6
AL-TCO09 AL-09 35.25 35.55 2.42 3.60 61.47 91.44 545.6 2.01 20 NA
AL-TC10 AL-09 31.50 31.80 2.42 3.50 61.47 88.90 345.0 1.31 10 26.31
AL-TC11 AL-05 14.30 14.60 2.38 3.21 60.45 81.53 440.8 1.88 10 13.27
AL-TC12 AL-04 29.40 29.70 2.36 3.58 59.94 90.93 347.0 1.35 20 12.45
AL-TC13 AL-03 26.05 26.40 2.44 4.19 61.98 106.43 678.0 2.11 20 NA
AL-TC14 AL-01 19.25 19.60 2.37 4.42 60.20 112.27 692.0 2.17 20 66.12
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INTRODUCTION

This appendix serves as a reference to the
contractor report entitled Antelope Lake Geo-
physical Investigations Report, Tonopah Test
Range, Nevada, prepared by Geophysical
Solutions, of Albuquerque, New Mexico. The
appendix is presented only in electronic format
because of the size of the original report (the
document is approximately 1-inch thick,
printed single-sided. The electronic copy of
this report is in Adobe Acrobat® pdf format
and the file may be found on the CD-R in the
pocket in the rear of this SAND report.

The report contains all of the TEM,
Schlumberger sounding, and EM-31 survey

December 2004

locations and data in graphical form. Some
illustrations are oversize (greater than 8-1/2 x
11 inches). However, if tabloid-size paper (11
x 17 inches) is available and the printer is set
to use this size media, these maps will print as
in the original document. “Fit to page” settings
may also be used within Adobe Acrobat®.

ELECTRONIC DATA

The actual geophysical data and location
information are also included on the CD-R in
Microsoft Excel® format and in plain ASCII-
text format as comma-separated values (.csv
format). Any text editor, such as Microsoft
Notepad, should be able to read (and print) the
data values.

Appendix J: Contractor Report on Surface Geophysical Investigations 283
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DISTRIBUTION:
Sandia Internal:

MS 0634
MS 1392
MS 0706
MS 9018
MS 0899

T. Lee Post, 2951 (2)

R.C. Sherwood, 2915 (2), for TTR
C.A. Rautman, 6113 (2)

Central Tech. Files, 8945-1
Technical Library, 9616 (2)

via CD-R only

MS-0482
MS-0482
MS-0482
MS-0751
MS-0750
MS-0751
MS-0417
MS-0316
MS-1160
MS-0750

E.R. Hoover, 2131
T.C. Togami, 2131

J.C. Wirth, 2131

L.S. Costin, 6111

S.C. Cooper, 6116
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