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ABSTRACT

The site of the Cabriolet experiment is on Pahute Mesa, Nevada

Test Site. The site ﬁedia, explored by four borings, consist of por-
phyritic trachyte overlain by a thin soil layer. Fractured, vesicu-
lar zones in the upper portions of tﬁe borings yielded poor core re-
covery, while higher core recovery was obtained at depth in dense,
less fractured rock. Flow layers strike approximately N35°E at the
surface and impart a pronouncéd structural grain to the rock. At
depth, most joinﬁs-rouéhly parallel the flow layering and strike
N20°E. Joint spacing ranges from less than 0.1 to greater than 10
feet.

Four high-angle faults are’suspectéd in the vicinity of the site.
Three of these strike roughly north-south and pass 200, 380, and 680
feet west of the site. Thé fourth inferred fault strikes approxi-
mately N63°E and passes 480 feet north of surface ground zero.

For dense, unfractured rock, the bulk density, saturated surface-
dry basis, averages 158.5 pcf, while the bulk density, dry, averages
156.2 pcf; The porosity averagés k.5 ﬁercent, and the unconfineé
compressive strgngth averages 12,952 psi. The vesicular material,
based on one specimen, had a bulk density, saturated surface-dry
basis, of 136.1 pef, while the bulk density, dry, was 129.1 pcf. The
porosity was 21.3 percent, and the unconfined compressive strength

was. 7,090 psi.



PREFACE

Project Cabriolet is a planned nuclear cratering experiment to
be conducted by the Lawrence Radiation Labératory (IRL) as part of
the U. S. Atomic Energy Commission’s Plowshare Program. Thé site,
located on Pahute Mesa at the Nevada Test Site, was selected by LRL.

The preshot geological and engineering properties studies were
conducted by the U. S. Army Engineer Waterways Experiment Station
(WES) under the direction and funding of the U. S. Army Engineer Nu-
‘clear Cratering Group (NCG) during the period November l9651throuth
February 1966. Borings (other than emplacement and instrumentation
holes) were drilled by personnél of the Embankment and Foundation
Branch, WES, under the direction of Messrs. T. B. Goode and A. L.
Mathews. Boring locations were selected by NCG personnel.

Mr. R. W. Hunt and PFC L. D. Carter, Geology Branch, WES, col-
lected and analyzed field data and with the assistance of Dr. R. J.
Lutton prepared the geolégical portion of the report; The portion
dealing with physical properties of the media was prepared by
Mr. D. M. Bailey, Embankment and Foundation Branch, WES, using the
results of tests performed by personnél of the Concrete Divisioh, WES,
under the direction of Mr. J. M. Polatty.

The investigations were under the general direction of
Messrs. W. J. Turnbull, Af A. Maxwell, C. R. Kolb, J. R. Compton,

W. B._Steinriede, Jr., and W. C. Sherman, Soils Division, WES.
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Director of the NCG duiing the investigation and the preparation
of this report was LTC W. J. Slazak, CE. Director of the WES was
 COL John R. Oswalt, Jr., CE. Technical Director of WES was

Mr. J. B. Tiffany.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

)

Multiply By To Obtain
inches 2.54 centimeters
feet 0.3048 - meters
miles 1.609344  kilometers

pounds per square inch 0.070307
pounds per cubic foot 16.0185

kilograms per square centimeter
kilograms per cubic meter




CHAPTER 1

INTRODUCTION

1.1 PURPOSE OF PROJECT

Project Cabriolet is a planned low-yield nuclear experiment t©o
be conducted in dry porphyritic trachyte. The lithology and topog-
raphy at the site are similar to those‘at the Project Pa}anquin site
some 2,500 feetl to the west. Project Cabriolet will provide an op-
portunity for additional sﬁudy of the engineering properties of an

explosion-produced crater‘in a hard, dry, rock medium.

1.2 SCOPE

This report presenﬁs the results of the preshot geologic and
engineering investigations conducted for Project Cabriolet during the
period November 1965 through February 1966 by the U. S. Army Engineer
Waterways Experiment Station (WES) under the sponsorship of the U. S.

Army Engineer Nuclear Cratering Group (NCG).

1.3 _FIELD AND ILABORATORY INVESTIGATTONS
The site for the Cabriolet event was selected in the fall of
1965 by the Lawrence Rediation Leboratory (IRL). Specifications and

requirements for subsurface exploration were determined by NCG, and

1 A table of factors for converting British units of measurement to

métric units 1s presented on page 9.
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WES was assigned fesponsibility for the drilling. The program con-
sisted of drilling of a centrally situated 6-inch core boring and
thrée satellitic borings located at 120-degree radials, all to deptﬁs
of about 200 feet (Table 1.1). Two of the satellite holes were NX-
core borings, and the third was a 4- by 5-L/2-inch core boring. Lith-
ologic logs were prepared from exémination of the recovered cores.
Photographs of the boreholes were anaiyzed, and the data were incor-
porated into the logs in Appendix A. In addition, existing maps
(References 1 and 2) of surface geology of the area were modified on
the basis of information gained from the project.

Three samples selected from boring Ue20L-1 as most representa-
tive of the site lithology wereiexamined petrographically and by

X-ray diffraction (Appendix B).

1.4 PREVIOUS WORK

The results of geological mapping of the Trail Ridée Quadrangle,
encompassing the Cabriolet site, are to be published in the near
fﬁture by the U. 8. Geological Survey; a preliminary map is available
on request (Reference 1).

Subsurface data collected on Pahute Mesa for the U. S. Atomic
Energy Commission in connection with other projects are available as
technical letters (References 2 through 8).

Preshot subsurface investigations by WES (Reference 9) at the
Project Palanquin site, approximately 1/2 mile west, revealed —

11



‘lithologic and structural details in the same geologic formation as

that at the Project Cabriolet site.

1.5 LOCATION AND ACCESS

The "Cabriolet site (Figures 1.1 and 1.2) is located on Pahute
Mesa within Area 20 of the Nevada Test Site (NTS). Surface ground
zero (SGZ) is approximately 53 miles north-northwest of Mercury,
Nevada, and approximately l/é mile easf of the Palanquin sitg.
Nevade State coordinates. of surface ground zero are N 921,249.77 and
E 544,285.63. The route from Mercury to the site extends north for
22.5 miles along the Mercury Highway to the Orange Road cutoff and
then 9 miles along the Orange Road to the intersection of thé Pahute
Mesé Road. From this intersectiop the Pahute Mesa Road leads L40.5

‘miles northwest to the site;-the last 5.6 miles are unpaved.
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TABLE 1.1 SWMMARY OF

SUBSURFACE INVESTIGATIONS OF THE CABRIOLET SITE

Boring Coordinates® Eleva- Total Angle Type Core Borehole Caliper Nuclear Three-
tion Depth of of Re- Canmera Log Density Dimensional
Boring Boring covery Log Log Velocity
Log
feet feet inches pct interval, interval, interval, interval,
msl ) feet feet feet feet
U20L N 921,249.77 6197.3 274.0 Vertical L8 - None 5.0 to None 10.0 to
E 544,285.63 - 273.0 205.0
Ue20L-1 N 921,254.83 6197.3 212.3 Vertical 6 by 79.7 12.0 to 0.0 to 0.0 to 130.0 to
E 544,279.22 7-3/4 12k.0 210.0 20k4.0 200.0
Ue20L-2 N 921,047.14 6181.0 181.5 Vertical U4 vy 97.8 5.0 to None None None
E 54L,363.44 5-1/2 175.0
Ue20L-3 N 921,291.53 6187.1 202.3 Vertical NX 38.9 5.0 to None None None
E 544,072.72 . 186.1
Ue20L-4 N 921,443.44 6202.6 201.3 Vertical NX . 43.8 3.0 to 0.0 to 0.0 to None
E 54k4,434,23 o 190.0 196.0 196.0

& Nevada State coordinate;s.
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CHAPTER 2

GENERAL SETTING

2.1 PHYSIOGRAFHY

Pahute Mesa, with its long axis frending east-west, is roughly
| 50 miles long and 15 to 20 miles wide. Only the eastern half of the
mesa lies within the NTS (Figure i.l). The NTS in turn lies in the
central portion of the Basin and Range physiographic province. This
is a structural province that is characterized by norﬁh-south trend-
ing fault-block mountain ranges and intermontane basins.

Pahute Mesa is a maturely dissected mesa of Tertiary volcanics.
The surface genegally exceeds"6,bOO fee£ in elevation,l and stands
‘l,OOO to 2,000 feet above the surrounding valleys. Gently rolling
hills and valleys with as much as 200 feet of relief characterize the

topography within 1 mile of the site.

2.2 REGIONAL STRATIGRAPHY

Investigations to date have divided the rocks on Pahute Mesa
into six major stratigraphic units, all Tertiary volcanics (Refer-
ences 4 and 5) excluding the relatively thin soils and localized
alluvial and colluvial deposits. These’volcanics, composed of tuffs
and rhyolites, are at least 7,552 feet thick in Pahute Mesa Drill'

Hole (PMDH) No. 1 (Reference 3) located approximately 6 miles due

1 . . v
All elevations are in feet above mean sea level.
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east of U20L, up to 8,380 feet thick in PMDH No. 2 (Reference 8)
located approximately 5 miles northwest of U20L, and é,t least 13,686
feet thick in Ue20F (Reference 7) located appfoximafely 1-1/2 miles
southeast of U20L. Volcanic rocks by nature are discontinuous, and
in this region‘formations vary considerably in thickness and physical
properties in a laterai direction.

The Thirsty Cahyonfand Timber Mountain tuffs cap nearly all of
Pahute Mesa and varyvin thickness from 600 to 1,500 feet (Refer-
ence 4). The Ribbon Cliff rhyolite (locally trachytic) Within which
the site is located lies in the lower part of the Thirsty Canybn tuff.
It overlies the older Timber Mountain tuff and is in turn overlain by
the upper two members of the Thirsty Canyon tuff. These are the
Spearhead member and the Trail Ridge member. These two members cap
hills in the vicinity of U20L. Locally the Spearhead is absent, and
the Trail Ridge rests directly on the Ribboh Cliff rhyolite. This is
because of the marked topographic irregularity of the surface on
which the Thirsty Canyon tuff was deposited (Reference 10).

The Ribbon Cliff rhyolite is confined in a 1- to 6-mile area
centered near the site. The formation appears to represent a vol-
canic dome, centered west of the Palanquin site, built up by rhyolitic
and trachytic flows. The fact that the Ribboﬁ Cliff is at least
615 feet thick at U20K (Refergnce 2) coupled with the fact that it

is either much thinner or absent in borings and outcrops at a
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distance of 1-1/2 to 5 miles from U20L indicates that the formation
thins rapidly in every direction from its source. Fiow layers first
mapped for the Palanquin site (Reference 2) have been extended across
the Cabriolet’site by inspection of aerial photographs aﬁd verified

by field measurements. The rhyolite appears to have flowed eastward.

2.3 STRUCTURE

The dominant faults crossing Pahute Mesa are near-vertical,
north-south trending, normal faults with as much as 800 feet of off-
set (Reference 4). According to Reference U4, "Faults exposed at the
surface are open, contain little or no breccia, and are only a few
feet thick. The few faults cored in'drili holes and inferred from
geophysical logs in the older rocks range from closed with no brec-
qiation aﬁd very thin, to very porous or healed with considerable
brecciation and as much as several tens of féet thick."

. Two north-south trending anticlines approximately 2 and 4 miles
east of U20L, as well as a synéline approximately l-l/? miles west
of U20L, may overlie buried topographic lows and highs.

Groundwater in the vicinity of U20L is approximately 2,000 feet
below the mesa surface (Reference 6). No perched water tables were

encountered during the preshot drilling.
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CHAPTER 3

SITE GEOLOGY

3.1 TOPOGRAPHY

The Cabriolet site (Figure 3.1) occupies the crest of a ridge
trending N30°E which reaches its maximum elevation of a little over
6,220 feet about 1,200 feet to the northeast. From this high point
the ridge slopes gently southwest for 2,500 feet and gently northeast
for an additional 5,500 feet, with an average width of about 1,500
feet. The average slope away from SGZ for a distance of 1,000 feet
to the south, east, and west is approximately 7 percent, while from

the north the slope is about 2 percgnt toward SGZ.

3.2 STRATIGRAPHY

Borings drilled at the Cabriolet site (Figure 3.2) revealed a
relatively thin soil over at least 213 feet of porphyritic trachyte.
A physically weak and porous glassy zone may mark a‘contact between
lobes of lava. However, no attempt to show the extent of the upper
lobe on the geologic map was made in view of the marked similarity
among surface exposures and the lack of expression on aerial
photographs.

3.2.1 Soil. Soil averaging 2 to 3 feet thick over the
Cabriolet site consists of tan sandy silt conteining sand- to

boulder-size fragments of porphyritic trachyte and vitrophyre.
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3.2.2 Ribbon CLiff Rhyolite; Petrographic and X-ray examina-

tions on selected core samples from boriﬁgs Ue20L-1 and Ue20L-3
(Appendix B) verify the‘ﬁracﬁ&tic composition of the medium at the
site in spite of the fact that it is rhyglitic elsewhere. The rock
consists mostly of devitrifiéd, gray-brown to red-brown porphyritic
trachyte, consistently containing abput 20 percent of white, approxi-
mately equant, subhedral phenocrysts (averaging l/h inch in size) of
alkali feldspar, with red-brown inclusions, bands, and flow ldyers
common in many zones (Appendix A).

In spite of the uniform mineralogical composition of the unal-
tered rock, there are certain physical properties (i.e. vesicﬁlation,
denseness, degree of fracturing-and jointing, flow layering) which
can be distinguished (Figures 3.3 and 3.4). Several of these factors
have-affected core recovery, with highly fractured vesicular zones
producing much less core than the dense, leés fractured zones. In
boring Ue20L-1l, which had by far the largest percentage of core re-
covery, the lithology consists of (1) 15 feet of slightly to moder-
-ately vesicular, highly fractured end weathered rock, (2) 31 feet of
dense, moderately to highly fractured rock, (3) 21 féet of slightly
vesicular, highly fractured fock, (4) 17 feet of decomposed, crumbly,
glaésy rock, (5) a layer 50 feet thick that is slightly to moderately
vesicular, highly fractured and altered, and (6) at least 75 feet of

very dense, moderately jointed, flow-layered rock. All the borings

.20



bottomed in this lower zone which characteristically produced much
higher cofe recovery percentages.

On the basis of stratigraphy and flow structure (see Section
3.2.3), it appears that the sité media are in the upper portion of a
single thick flow complex. The general decreases in vesicularity and
degree of frécturing with depth are reasonable consequences of such a
position. Thus a chilled, glassy crust encased a fluid interior at
one péint in the flow's history. Continuing mo&ement‘of the hot
interior until the entire unit had solidified caused intense fractur-
ing and alteration in the hardened crust. Zones of poor core re-
covery, éxcluding that believed to be related to faulting, lie in
this highly fractured and altered crust. .

3.2.3 Flow Structure. Flow layers in the upper portions of

the holes are widelybscattered and have an average dip of about
60 degrees.

In the lower 75 feet of boring Ue20L-1l, the lower 111 feet of
Ue20L-3, and the lower 89 feet of Ue20L-l, flow layers are con-
spicuous. These layers, distinguished only by color, range from
l/é inch to several feet in thickness.' They dip at angles of about
60 degrees in the top, decreasing to 30 degrees toward the bottom and
even as low as 15 degrees in the bottom of boring Ue20L-4 (Fig-
ure 3.4). Steep flow layers exposed at the surface strike about

N35°E across the site and appear to establish a marked structural
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grain (Figure 3.5) on the upper media.

3.2.4 Joints. One hundred joint readings were taken from 15

different outcrops within 1,000 feet of the Cabriolet site. The ori- ’
entations of these joints are shown in stereographic projection in
Figure 3.6. Spacing between these joints ranges from 1 inch at some
outcrops to about 10 feet at others. Most are tight. Where low-
angle joints (ranging from O to 30 degrees) are present in an outcrop
they are generally spaced from 3 to 12 inches and are also tigﬁt. A
pronounced orientation'preference is exhibited by joints measured in
borehole photographs at depth (Figure 3.7). There is a very con-
spicuous tendency for joints to strike N20°E, roughly parallel to the
flow layering (Figure 3;5). |

3.2.5 Faults. Four high-angle faults are suspected of lying in

the vicinity of the site (Figure 3.1) on the,bdsis of linears visible
in aerial photographs, localized breccia zones, and qffset strata.
Three of these pass at distances of 200, 380, and 680 feet west of
SGZ and strike approximately north-south. The first two linears
-éppear*tO*bound'a'graben within which boring Ue20L-3 lies. A third
linear striking approximately N63°E passes'hSO feet ﬁorth of SGZ.

The inferred fault along the east side of the graben'appears to
pass through Ue20L-3 between depths of 105 and 139 feet (Figure 3.3).
The drill rods dropped under their own weight several inches in

several places in this 34-foot interval. Also the core recovery in
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this zone was much less (34 percent) than in the same rock type in
the other core borings. A fault zone extended from the sufface
expression through this zone would be approximately 7 feet wide and
would dip about 80 degrees to the west. An offset of at least 10
feet along the graben is inferred from. the fact that Trail Ridge tuff,
which has been largely erocded from this portion of Pahute Mesa, is
preserved in a topographic low that roughly parallels the graben.

This tuff pinches out 60 to 80 feet south of boring Ue20L-3 and was
not encountered in that boring.

Although the low position of Trail Ridge tuff can also be inter-
preted to be a result of depoéition in a topographic low on the
trachyte flow, a fault origin is considered more likely because of
the linears visible in aerial photographs.

Indications of minor movement are manifested elsewhere in the
core by thin (l‘to 4 inches), steeply dipping breccia zones healed
with calcite, and by striations along natural fractures. Striations
on a vertical fracture between-l25 and 140 feet in Ue20L-1 are dip-

ping about 30 degrees, indicating lateral as well as vertical offset.
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Figure 3.6 One hundred poles of joints in outcrops within
1,000 feet of Cabriolet site. Projected from lower hemi-
sphere to equal-ares net.

29



s

Figure 3.7 One hundred and twenty-five poles of joints occurring be-
low a depth of 120 feet in borings Ue20L-2, Ue20L-3, and Ue20L-L.
Projected. from lower hemisphere to equal-area net.

—
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CHAPTER L

PHYSICAL PROPERTIES

Representative cores from borings Ue20L-1l and Ue20L-3 were se-
lected for detailed visual description, petrographic examination, and

physical testing. The locations of the cores are shown in Table L.1.

4.1 SCOPE OF TESTS

The petrographic examinations resulted in classification of the
rock as trachyte porphyry. (The classification of the rock as'por-
phyritic trachyte or as trachyte porphyry is based on the relative
percentage of phenocrysts and groundmass. The rock in question lies
in the border zone between these two rock types, and field classifi-
cations have consistently termed the rock trach&te or porphyritic
trachyte‘and laboratory classifications trachyte porphyry. From the
standpoint of this study, this distinction is considered of no con-
sequence, and the field classification of the rock will be used
throughout the text.) The change in color with depth or between
samples was found to be due to the variation in the amount of hema-
tite and altered ferroan mineral grains in the groundmass. Repre-
sentative.samples of highly fractured and vesicular trachyte from
boring Ue20L-1 between depths of 87.5 and 88.9 feet and from boring
Ue20L~-3 between depthﬁ of 76.7 and 77.7 feet were selected for test-

ing. All other examined material was dense with little or no visible
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vesicularity. The petrographic examination suggested that thé color
variation in the dense material did not indicate properties which
would appreciably affect the values from the physical testing, and
this prediction was verified by the results from the physical tests;
The petrographic report is presented in Appendix B.

The core recovery of vesicular trachyte was very low; hence, the
material recovered probably is the strongest material as it is logi-
cal to assume that the weaker matefial was lost in recovery. There-
fore, strength values obtained on phe vesicular material should be
considered as upper limit values. The dénse material gave quite uni-

form values, and when appropriate, average values are given for this
material. -

Physical tests included determinations of bulk densities, spe-
cific gravity of solids, porosities, compressive strengths,vtensile
strengths, static and dynamic modgli of elasticity; dynamic moduli of
rigidity, static and dynamic Poisson's ratios, and compression wave
velocities. Detailed visual descriptions of the tested cores are
_given in Appendix B. 'Samples from boring Ue20L-1 were 6 inches in
diameter; these samples were recored to NX size, approximately 2-1/8
inches in diameter, to provide more specimens end better length-to-‘
diameter ratios for testing. Appendix C gives detailed data obtained
from the phyéiéal tests and déscriptions of the test procedures.

This chapter presents only the principal results of the physical
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tests, and conclusions and observations concerning these results.

4.2 WEIGHT-VOLUME DETERMINATIONS

Table L4.1 gives values of bulk specific gravity, bulk density
under saturated surface-dry (SSD) condition, bulk density under oven-
dried conditions, specific'gravity of solids, and porosity.

4.2.1 Specific Gravity of Solids. Six specific gravities of

solids were detefmined. The specific gravity df the solids as shown
in Table 4.1 is the ratio of the we;ght‘of a known volume of solid
material to the weight of the same vdlume of water at 20 C. The
values ranged from 2.60 to 2;66,.and averaged 2.63. The specific
gravity determiﬁed on a sihgle core of vesicular material (87.5- to
88.9-foot depth, boring Ue20L-1l) was 2.6h; Thus it can be assumed
that vesicularity does not éppreciably affect specific gravity §f
solids.

4.2.2 Density. The dense material had bulk densities under SSD

coﬁditions ranging from 156.7 to 160.4 pef and averaging 158.5 pef.
The SSD density of the vesicuiar material was determined to be 136.1
pef or approximately 86 percent of the dénsity of the dense material.
Oven-dried bulk densities of the dense méterial ranged from
154.5 to 158.5 pef and averagéd 156.2 pcf. The oven-dried bulk den-
sity for the vesicular material was 129.1 pcf or approximately 83 per-

cent of the density of the dense material.
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The oven-dried bulk densities of the dense material were, con-
sidering the averages, about 1.5 percent lower than the SSD densities,
while the oven-dried bulk density of the porous or vesicular mate-

rial was 5.4 percent lower than the SSD bulk density.

4.2.3 Porosity. Porosity is defined as the ratio of the vol-
ume of voids in a material to its total volume. The porosities shown
in Table 4.1 were calculated from the specific gravities of the

solids and the oven-dried bulk densities by means of the equation

Gy -7
n=-=%__"dy100
G_ 7
s'w
where

n = porosity, percent
GS = gpecific gravity of solids
Y = unit weight of water
Y4 = oven-dried density

The values of porosity for the dense material ranged from 3.4 to
5.5 pércent and averaged 4.5 percént. The porosity of the sample of

.vesicular-material—wasA21.3-percent,7which‘is 4 to 5 times greater

than the porosity of the dense material.

4.3" STRENGTH DETERMINATIONS

4.3.1 Static Unconfined Compressive Strength. Six static

unconfined compression tests were performed on representative core
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samples; five were conducted on dense specimens and oné on a vesic-
ular specimen from a depth of 87.5 to 88.9 feet in boring Ue20L-1.
Results of these tests are shown in Table 4.2. The values for the
dense material ranged from 12,250 to 13,420 psi and averaged 12,952
psi. The narrow range in which’all values fell indicates the remark-
able uniformity of the dense material. The unconfined compressive
strength of the vesicular material was 7,090 psi, appréximately

55 percent of the value for the dense material.. The average values
of unconfined compressive strength are in good agreement with the
average values for porphyritic trachyte tested for Project Pglanquin
(Reference 9). | .

Stress-strain curves for the sik unconfinéd combressién tests
are shown in Figure 4,1, Static moduli of elasticity and static
Poisson's ratios wéré calculated for ail unconfined compression tests
and are discussed in subsequent sections.

4.3.2 Static Tensile Strength. Static tensile strengths were

measured by means of tensile splitting and direct tensile tests. The
tensile splitting tests were conducted on six speciﬁens, and the
direct tensile tests were performed on two specimens. Results of
these tests are given in Table 4.2,

Values from tensile splitting tests on five specimens of dense .
material rangedAfrom 810 to 1,060 psi and averaged 904 psi. Thé

tensile splitting test on the vesicular material gave a value of
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440 psi, which is approximately 49 percent of the'average strength of
the dense material.

Values from the direct tensile tests on two specimens of the
dense material were 350 and 410 psi.and averaged 380 psi. This avef-
age is approximately 42 percent of the average value from tensile
splitting tests on the same material. The low values of the direct
tensile tests could possibly be the result of a slight eccentric load
during testing. Microscopic horizontal cracks couid have formed in
the specimen during coring operations and resulted in low strengths.
On the other hand, the tensile splittiné test has been questioned
through the years as to its ability to measuie true tensile strength
and is thought to give values which are on the high side of the true
tensile strength. Thus, true tensile-gtrength for the dense material
could very well be bracketed by the values from these two test
methods. |

4.3.3 Mohr's Failure Envelopes. Three static triaxial compres-

- sion tests were conducted at a confining pressure of 5,000 bsi. The
maximum deviator stresses are shown in Table 4.2; stress-strain
curves are given in Figure 4.2. The electricai strain gages failed
in one test; hence, only two stress-strain curves are available.

| Results of a tensile splitting test, an unconfined compression .
test, and a triéxial compression test were used to construct the

Mohr's failure envelopes shown for the dense material in Figures 4.3
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and 4.4t and for the vesicular material in Figure 4.5. The cohesion
values for the dense material were 1,700 and 1,800 psi, while the
cohesion value for the vesicular material -was 1,000 psi or approxi-
mately 55 percent of the cohesion values for the dense material.

4.3.4 Moduli of Elasticity and Rigidity. The static modulus of

elasticity was computed for the unconfined compression tests, and the
results are shown in Table L.3. This modulus is a secant modulus
obtained by dividing a measured stress by its corresponding strain.
In calculating a modulus in this manner, a variation of-modulﬁs-with ‘
stress is obtained. Figure 4.6 shows the variation of the secant
modulus of elasticity with stress for the unconfined compression
tests. Static moduli of elasticity at one-half the wltimate stress
are given in Table 4.3. They ranged from a maximum of 3.62 X lO6 psi
for the dense material to a minimum of 2.43 X lO6 psi for the vesic-
ular material.

All values given in this paragraph were obtained from nonde-
structive tests. A description of the nondestructive tests can be
found in Reference 1l. The dynamic modulus of elaéticity from two
determinations on dense material averaged 2.37 X lO6 psi; a single
value of 0.46 X lO6 psi was obtained for the vesicular material.

_These values were obtained by measuring the fundamental transverse
frequency. Using the fundamental longitudinal frequency, an éverage

- modulus of elasticity equal to 2.62 X lO6 psi was obtained for the
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dense material, while a single determination of 0.47 x lO6 psi was
obtained for the vesicular material. The dynamic modulus of rigidity
averaged 1.13 X lO6 psi for two tests on the dense:material. A
modulus of rigidity could not be obtained for the vesicular material.

-4.3.5 Poisson's Ratio. Both static and dynamic Poisson's

ratios were computed for the representative cores. The static values
were computed from the unconfined compression test data. Dynamic
ratios were obtained from results of the nondestructive tests.

The static Poisson's ratio obtained from the static unconfined
compression tests was calculated by dividing the measured vertical
strain intolthe measured horizontal strain. Each of these strains
roccurred at the same stress. When Pogssonis ratio is calculated by
this method, the ratio changes with stress.’ This change in Poisson's
ratio with stress is shown in Figures 4.7 and 4.8. Table L.L gives
the value of Poisson's ratio at a stress level of 3;000 psi, which is
well within the elastic behavioral range for the material being
tested. Values for the dense material ranged from 0.15 to 0.27 and
averaged 0.22. "Poisson's ratio for the vesicular material was 0.20.

The dynamic Poisson's ratio can be calculated from the dynamic
values of modulus of elasticity and modulus of rigidity by the fol-

~

lowing formula:



where

p = dynamic Poisson's ratio
E = dynamic modulus of elasticity
G = dynamic modulus of rigidity

This method is given in CRD-C 18 (Reference 1l). Since two values of
a dynamic E were determined experimentally for each specimen, two
values of Poisson's ratios arevalso available by means of the above
formula. Since the modulus of rigidity could not be determined on
the vesicular material, Poisson's ratio could not be computéd.
Values of Poisson's ratio for-the dense material as determined from
the fundamental longitudinal and transverse frequencies, each in
conjunction with the fundamental torsional frequency, are given in
Table L.k. |

A dynamic Poisson's ratio can also be caiculated by another
method, as follows. The compression wave velocity is obtained from
specimens by Test Method CRD-C 51 (Reference 11). The fundamental
longitudinal frequency is also obtained frdm the specimens by Test

Method CRD-C 18 of the same Reference. A velocity can be computed

from the fundamental longifudinal frequency by the following formula:
V==2nl/¢

where

V = velocity
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fundamental longitudinal frequency

]

n

£

length of specimen
The dynamic Poisson's ratio can then be computed by solving the fol-

lowing expression:
2

Q1 -w) _ ( Xg)
T+ma-20 "\ 7

where
p = dynamic Poisson's ratio
Vé = compression wave velocity
V = velocity computed from the fundamental longitudinal

.

frequency
The above-described method can be found in Reference 12 on page 17.
Values for the dynamic Poisson's ratios computed by this method are
given in Table b4, Two determinatione were made on the dense mate-
‘rial and one on the vesicular material. The computed values, which
range from 0.33 to 0.44, appear to be on the high side and are con-
 sidered suspect. Since Poisson's raﬁio is dependent upon other meas-
ured and calculated -quantities, -experimental errors in these quan-

tities can greatly influence the values of Poisson's ratio.

L4 COMPRESSION WAVE VELOCITY
The compression wave velocity was determined in accordance with

Corps of Engineers Test Method CRD-C 51. Values of this velocity are
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given in Table 4.k. Two values of 11,660 and 9,930 ft/sec were ob- -
tained on two specimens of the dense iock, while a value of 7,330

ft/sec was determined on a specimen of the vesicular material.
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TABLE 4.1 DENSITY, SPECIFIC GRAVITY, AND POROSITY

Boring Depth Bulk Bulk Density Specific  Porosity
Number Specific Gravity n
Gravity SSD  Oven- of Solids
G dried G
m S
(ssb)
feet pctf pef pct
Ue20L-1 21.9 to 24.0 2.51 156.7 15k4.5 2.60 4.6
Ue20L-1 &1.7 to L3.7 2.53 157.6 155.5 2.60 L.o
- Ue20L-1 87.5 to 88.9% 2.18 136.1 129.1 2.64 21.3
Ue20L-1 151.8 to 153.3 2.55 159.1 156.6 2.66 5.5
Ue20L-1 168.3 to 170.7 2.57 160.4 158.5 2.63 3.4
Ue20L-3 76.7 to TT.7% - -- - - —
Ue20L-3 106.0 to 106.8  2.54 158.7 156.1  2.63 4.8

a . .
Vesicular material.
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TABIE L.2 STATIC STRENGTH VALUES

Boring Depth Static Ultimate Static Direct
Number Unconfined Deviator Tensile Static
Compres- Stress from Split- Tensile
sive Static ting Strength
Strength Triaxial Strength
Compression
Test?
feet psi psi psi psi
Ue20L-1 21.9 to 24.0 12,250 47,750 810 350
Ue20L-1 L41.7 to L43.7 12,880 -- 920 --
Ue20L-1 87.5 to 88.9b 7,090 - L4o --
Ue20L-1 151.8 to 153.3 13,000 46,470 860 410
Ue20L-1 168.3 to 170.7 13,420 - 1,060 -
Ue20L-3  76.7 to T7.7°  -- 37,860 -- -
Ue20L-3 106.0 to 106.8 13,210 -- 870 --

a Conducted at a constant confining pressure of 5,000 psi.

Vesicular material.
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TABIE 4.3 MODULUS VAIUES

.

Engineers Test Method CRD-C 18 (Reference 11).

o Engineers Test Method CRD-C 18 (Reference 11).
€ Vesicular material.

Boring Depth Static Dymamic Dynamic Dymamic
Number Modulus of Modulus of Modulus of Modulus of
Elasticity® ElasticityP ElasticityC Rigidityd
feet psi X 106 psi X 106 psi X lO6 psi x 10
UeeoL-l 21.9 to 24.0 3.62 2.62 2.98 1.31
Ue20L-1 41.7 to U43.7 3.22 -- -- -
Ue20L-1 87.5 to 88.9° 2.43 0.16 0.47 --
Ue20L-1  151.8 to 153.3 2.48 2.12 2.25 0.95
UeebL-l 168.3 to 170.7\ 3.50 -- - -
Ue20L-3 76.7 to 77.7° - -- - -
Ue20L-3 106.0 to 106.8 3. -- -- --
a

Secant modulus of elasticity at one-half the ultimate stress determined from an
unconfined compression test.
Determined from the fundamental transverse frequency in accordance with Corps of

Determined from the fundamental longitudinal frequency in accordance with Corps
of Engineers Test Method CRD-C 18 (Reference 11).
Determined from the fundamental torsional frequency in accordance with Corps of
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© TABIE 4.4

POISSON'S RATIOS AND COMPRESSION WAVE VELOCITY

Boring Depth Dynamic Dynanmic Dynamic Static Compression
Number Poisson's Poisson's Poisson's Poisson's Wave Velocity
Ratio Ratio Ratio Ratio A"
a b c d ¢
S p M B M

feet f't/sec

Ue20L-1 21.9 to 24.0 ‘ 0.34 0.00 0.1h 0.19 ll,660
Ue20L-1 4.7 to 43.7 -- - - 0.27 --

Ue20L-1 87.5 to 88.9° 0.4k - - 0.20 7,330

Ue20L-1 - 151.8 to 153.3 0.33 0.12 0.18 0.21 9,930
Ue20L-1 168.3 to 170.7 - -- -- 0.26 -
Ue20L-3 76.7 to TT.7° -- - - -- -
Ue20L-3 106.0 to 106.8 - -- -- 0.15 -

Computed from the compression wave veloclity and wave velocity calculated from the

b

fundamental loqgltudlnal frequency.
Computed from moduli of elasticity and rigidity which were calculated from the

e fundamental transverse and torsional frequencies.
Computed from modu11 of elasticity and rigidity which were calculated from the

d

fundamental loqgltudlnal and torsional frequencies.
Determined from stress-strain curve from static unconfined compression tests at
a stress of 3,000 psi.

Vesicular material.
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CHAPTER 5

SUMMARY OF RESULTS AND CONCLUSIONS

The Cabriolet site occupies the crest Qf a gently sloping ridge
within Area 20 of the NTS. A thin soil layer consisting of tan sandy
silt and sand- to boulder-size fragments of porphyritic trachyte aﬁd
vitrophyre averages 2 to 3 feet thick. Beneath the soil lies the
Ribbon Cliff rhyolite, which at the Cabriolet site consists of por-
phyritic trachyte at least 212 feet thick.

The rock has a uniform mineralogical composition but varies in
vesicularity, degree of jointing, and flow layering. ConspicuouS\
areas of poor core recovery occur from the surface t§ depths of 100
to 145 feet and are associated with fractured vesicular zones.
Higher core recovery was obtained in the deeper, dense, moderately
Jjointed, flow-layered roék..

Joint readings obtained at the surface indicate a preferred
strike for steep joints of approximately Nl5°W, subparallel to the
’dominant‘faﬁits of the region. The spacing of these steep joints
ranges from less than 0.1 to greater than 10 feet, while the spacing
- of low-angle joints, when present in an outcrop, is usually between
3 and 12 inches. At depth, borehole photographs re&eal a tendency
for joints to strike NEOOE, roughly parallel to the flow layering.

.Near the surface, flow layers are scattered and steeply dipping,
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while at depth they are numerous and generally dip less than 45
degrees. The upper flow layers exposed at the surface strike approxi-
mately N35°E across the site, imparting a marked structural grain

to the media.

Four high-angle faults are considered probable in the vicinity
of the’site. Three of these pass 200, 380, and 680 feet west of the
site. The first two appear to bound a graben within which boring
Ue20L-3 lies. On the basis of subsurface data, the suspected fault
on the east side of the graben appears to be a zone f feet wide
dipping 80 degrees to the west. The fourth inferred fault strikes
approximately N63°E and passes 480 feet north of SGZ.

The average physical property values of the dense porphyritic
trachyte were as follows: bulk density under saturated surface-dry
conditions, 158.5 pef; bulk density under oven-dried conditions,
156.2 pef; specific gravity of solids, 2.63; porosity, 4.5 percent;
static modulus of elasticity, 3.25 X 106 psi; stafic unconfined com-
pressive strength, 12,952 psi; and static tensile splitting strength,
904 psi. The vesicular and fractured rock tésted from borings
Ue20L-1 and Ue20L-3 indicated lower strengths. Based on one specimemn,
this porous material had a bulk density, saturated éurface-dry basis,
‘of 136.1 pcf, while the bulk density, dry, was 129.1 pcf. The poros-
ity was 21.3 percent, and the unconfined compressive strength was

7,090 psi.
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It is concluded, in view of the structural anisotropy of the
media, that disturbed zones resulting from the planned Project
Cabriolet event may be ellipsoidal. In such case, a principal axis
will probably trend between north-south (the épproximate strike of
inferred faults) and N35°E (the strike of flow layers). The post-
shot drilling pattern should be designed with this in mind. Since
no faults are known to project to the vicinity of the zero point,

direct venting is not anticipated on the basis of available data.

!
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APPENDIX A

i

LITHOLOGIC LOGS FOR BORINGS DRILLED AT, CABRTOLET SITE
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LEGEND FOR CABRIOLET BORINGS

LITHOLOGY

4|% 4| SANDY SILT, TAN; WITH FRAGMENTS AND
rivly BOULDERS OF PORPHYRITIC TRACHYTE
f|8a AND/OR VITROPHYRE

LA

PORPHYRITIC TRACHYTE

FRACTURES

HIGHLY FRACTURED: JOINTS ABBREVIATIONS USED IN DESCRIPTIONS

ISOLATE FRAGMENTS AVERAGING OF FRACTURES:

LESS THAN 1 INCH IN

DIAMETER o oPEN
MODERATELY FRACTURED: JOINTS

ISOLATE FRAGMENTS FROM Pf PARTIALLY FILLED

1 TO 5 INCHES IN DIAMETER . F  FILLED
MIDPOINTS OF INDIVIDUAL H  HAIRLINE

JOINTS '

GREATER THAN 50% OF PHOTOGRAPH
OBSCURED BY GROUT OR OCCUPIED BY
VOID SPACE

CORE RECOVERY

CORE RECOVERY IN PERCENT;
‘/1°9]  CORE 1L0SS INDICATED GRAPHICALLY
BY SHADING
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PROJECT CABRIOLET

BORING MO 702011 BORING NO.:  Ue20lel (Continued)
LOCATION MEVADA $TATE COOROWATEN g 951,054.8) E Sk, 269.22 . boerre % BORE MOLE CAMEA JOINT DATA
anoLt o Bomma  vertieal TveT 07 80AMG 6= by 7-3/u-IN, DLAMOND o oo oescmPyion cone [ woTn 8
seanng OwiLLinG AGENCY WES RECOV. | wy | PTREC | 5 | i
L TOP OF MOLE 6197.3 1, ML OEPTH TO WATER TABLE No water encountered S
ToraL comE eCovERY  79.74 oLe CoRPLETED 20 November 1965 97 H
< WONE HOLE CAERA JOINT DATAY {]
LU T LA v/ b+
e [ oo ouscasrion o] o] Z0::
RECOV.| v | PTR | B ricmna PORPHYRITIC TRACKYTE; A3 AROVE I
6197.3 EXCEPT ORAY WECCHES MORE a8
F—— o 7 PREDIMDNANT TN GROUNTM\ 93
vie SWOY SILT; TAN ¥/FR\G \ND BLDRS MIGHLY FRACTURED WITH CLAY H
o|%1v] OF PORPHYRITIC TR\CHYTE AND CALCITE ALOWG PRCTURES. H
lg]s |4 KNUMEROUS SHORT, SURP\RILLEL sl
vis |9 ®Note: No borehole camers RAIRLINE PRACTURLS OIPPIRG o 1 A
lolols date available. FROM 60 TO 90 DEG. FR\CTURE: o
5 Dmta are from core 70 125 FT, DIP BETWEEM H
il log. AND 90 DEG WITH MOST DIFPING i
MLl BETWEIN 10 D 60 DBG. CORE 100 [H
1oy SIZE RNGES FROM 1 IM, TO H
¢ 1 PT VITH MOST FRAGMENTS LSS s
6187.8 77 THAY b DN, n H
10 Top of Rock 7 H
PORPHYRITIC TRACHYTT; W/20% i i o8|
WHITE, SUBMEDRAL, BQU T, (ries
PHENOCRYSTS OP ALKALT FELD- 60 b I
SPAR (1/16 TO 1/8 IN,, AVERe i tH
GING 1/4 IN. IN SIZE), SET o I 80 s0 [
13 IN GRY AND AR MOTTLED, (. b H
SLICHTLY TO MODER\TELY VE- 00 B HA
6 SICULAR, FINE GRAINED KATRIX; £ 10 00
1795 GLASSY IN UPPER FE4 FTET, 8 gL 80 125.0 to 140.0 ft, striations L 00
CRALKY CALCTIM C.RWONATE TN = 60 d1p 10 deg along plane of 3
JOINTS; VESICLES VERTIC.LLY —4 60 verticsl fracture 9
ELOVGATE; RIGHLY WE\THERED 00 = ™)
10 17.8 PT. CORE SIZE LESS = 60 oo ]
THW 1IN, TO 1 IN, LOWG. 1 1 il
— 70 o 1] 60
13,4 %0 17.3 rt, appears 60 . B % %
brecclated %0 - €
100 e
- =1 90
— A 80 100 AN o
- 60 T~ 50
PORPHYRITIC TRACHYTE; A3 ABOVE 100 » 8o . 60
LXCEPT GROWNDMASS 15 oRY-BRW, | "IN 5 5053.9
RARD, DENE, AND VERY FINE 100 RN 100
GMINED, NUMEROUS SHORT, 100 ] % PROPHYRITIC TRACHYTEj A3 ANOVE 1~ I~
STEEPLY DIPPING WATRLINE - s EXCEPT GROUNIMASS 13 DFWSE,
FRACTURES. CALCIUM CARRONATE 100 60 HARD, AND FINE GRAINED, FLOW jfeei
DM MOST JOINTS; MOTERATELY = 80 STRUCTURE IMPHASIZED BY OCCA= | 1A 70
VESICULAR IN LOWER FE FEET. 1001 us smn..n, IRREGILIR RED-BRY =< 55
CORE SIZZ R\NGES FROM 1 TO - \ND LAYERS UP 70 1 N, | 100 [T[N 35
6 IN, JTRLITIONS ON PLANE AT = 70 uxm DIPPING FROM 50 70 60 DEG,
33.2 FT. BIP 35 DRG 9N M 70 BELOW 160 FT \RE ALTERATDNG  [———
r CRY AND GRY~BRN PAR\LLEL FLOW
60 LAYERS RANGING FROM 1/2 Dis 100
60 70 3 I, ™I prP OF mesE [ 1 | | 80
100 LAYERS GRADUALLY DECRE\SED
60 FROM 45 DEG TO 30 DEG NEWR = 30
Ly BOTTOM OF HOLE.MOIJT OF CORE 100 bt
20,9 ft, brecclated zone 1 in. L] 60 15 GRE\TER THN & FT LONO. — %
vide, dips 60 deg b 1IN 9%
21k ft, brecclated zone 2 in. = % r'\ 25
wide, dipw 60 deg. FRealed o ;\ 100
vith caleite, - o i
26.0 £t, brectated one greater & v T %0
than 3} in. vide, dips 6O d — 80 100
Partially healed vith caleite. 7 H 6 b
n.2 n, flov structure dips H 8 150.5 ft, brecclated zone 1 in, - H
50 deg ot bt vide dips 60 degs Partially 100 N 35
31,6 1, brecetated sone 1 to a8 80 healed vith caleite. 1
2 in, vide, dips 60 dey % H
Partially healed with uuu.. H 60 154.6 to 158.8 ft, breaclated
2.0 £t o/ zone 41/2 in. wide dips 100
2 m“,:;:"::;:‘,“,"::‘l g 2:: 8o 60 deg; slickensides present. [
Healed vith carcite. o oe 60 Partially healed with calcites w0
: H & 100 b
34,0 ft, flov structure dips H 11 o
50 dege 65 I 90 175.4 to 176.9 ft, fracture o 30
7.6 ft, brecelated 3 1n. I 30 containing elay gouge and T u
31,6 16, brecctated sone 3 tne :)/og::: ealeite, dips 6O deg) slick= o8 :
healed with culcite. Hi ensides prescnt. X
39.3 ft, flov structure dips [les U
60 deg H N A
? H 100 T~ )
wiy 1
6127, 3 / ss| . F\ 0
PORPHYRITIC TR\CHYTE; AS ABOVE 100 [N 0
EXCEPT GROUNIM LSS 15 FINE
GRAINED REN-BRY, WD GL.OCY 91 —aT—1 Ly
RED-BIX, HIGHLY FRiCTURED T - - Ly
ALTERED .\ND_ DECOMPOSED.
CRUMALES EASILY BY HND TO ) 100
1/3 ™™, FR.OMOTS,
92 —
100 .
12
p <—
30
100 || 30
o
6110.2 f 4 "
PORPHYRITIC TRCIYTE; .3 \BOVE 100 fH 1 0
FXTEPT GROMIM. G RED-RrE! o8| o 100 10
1D GRY, SLISKTLY VE.IOLWR, o o8 5
D FDNE GRAD'ED,  SECOND BY s ?
TTANLIG JLONG MY PRICTURES, X1 1 30
COME .JIZF:i R HGF FROM 1/ T, tH
70 G N, FLO4 .TRUCT'RE DIPS o8 —— 55
FAGK (U TO (O DEfi. 28 bt
ﬂ / H 100 2
wetH — 55
% {1 4100 |4 a5
A“’ -
v 60
(antlruei) L
‘ : ] o
) €0
13:5.0 4 e 1

Bottom Depth: 212, 4 ft
Pottom Flevition: 5N15.0 £




PROJECT CABRIOLET

BORING %O

Ue20L~2

LOCAYION (MEVADA $TATE COORDINATEN:

N 921,254.3) B 544,279.22

ANGLE OF BORINO:  Vertical

TYPE OF BORING Lo by $-1/2-TV, DLWMOND

SORING NO.. m20L-2 (Continued)

63

”

L]

T

eaning: OmMLLING 4GENCY  yyg
L TOP OF WOLE.  6181,0 ft, MSL DEPTH TO WATEE TASLE Wy vater encountered
2.0 v, WL
TOTAL OEPTI; 161.5 e WOLE STARYED 21 Jumary 1966
TOTAL CORE mECOVERY, 97,04 "OLE COunLETEOD 1 Pebruary 1966
P < BORE HOLE CAMERA sOINT DATA
srus| ey | L0 prscaieyion o [T, L] worme
RECY.| oy | C{RE | rrima
61910 ] -
—
This hole drilled to 116.6 fu
vith & rock bit, and them cored
from 116.6 %0 121.3 ft vith an AX
. hole vas thea
s to $-1/2 in. from the surface to
121.3 ft, and cored to 181.5 Mt b
vith & ke by $-1/2-1n. diamond. 3
10
13
0
23
b

o peersd < BORE wOLE CAwERA JOINT DATA
1w oo oEsCMIBTION cone T
RECOV. o sivy g
i 100
/; Ny e 116%, 7
ST o o
il one | 1/16%, 7
105 M T PP gy
Wby Song | 1/M, 7
1 9 |camiipns, v
1o
] M (90 (18T, p
| n -
us v | som | 1/97, ¥
PORPAYRITIC TRACWYTE; WTTH 204 1
NITE, SUBREDR.L PHENOCRYITS
OF ALXALI FELDEPAR AVERAGING
120 1/6 IN. IN SIZE SET IN CRY- 100
BAN, RARD, 'ENT, VERY FDNE
CRAINED 58, PAINT
BRR FLOW LAYERS RANGT FROM
1/8 N, TO 2 IN, IIE AND = nse soz | 116", P
DIP PROM 30 TO 90 D8O, OCATe 100
TERED DAY DICLUSICNS UP 10
125 JVERAL DICKES IN 5128 \LSO
REZRT. —
-
100 mée | oK
H | wese J
10 3T [1/16%, ¥
F—T1 | m%e | 2om|1/26"%, »
100 )
133
—
10 LL | o | 2om|as16n, v
o I :
1 w6t | sosz|n
100
ns —
M | mee |sox|16°, v
100
N v
1%
100 ||
L3V szl 116", r
1% H N268 =0
! wo [1 | ™8 | p=|16%, v
S—
160 l
= o 16", »
% M | msr | eom|16" r
733 s nég 6and | 1/8°, 0
100 [ )R sosz| 1/16%, 0
ne | 23k |1/26", ¥
b L ST R
170 e | sox| 267, ¢
10 1 | wse  [rwoe(n
Lo w=x[n
- e | asm|1/16%,
~Larss 1748 %0.177.8. 11, hanly B |
7 fractured; 1.7 ft core A6 | v [Tom AT, o
l“? in thie aone. 4
h__|
180 s 100
3%9.5

(Comt tmued)

62

Bottom Depthi 161,35 £t
Bottom Elevetion: $799.5 ft
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PROJECT CABRIOLET

®ORING 0. Ue20L~3 SOMING WO Ue20l~3 (Continued)
COCATION (NEVADA $TATE COONDIATES N 921,007.16 E Skk, 63,40 3 GonE nOLE CAVERS JouT CATA
ANOLE OF 80MING.  Yertlcal TYPE OF BORING. NX = DLAMOND ,,.:.,_ ‘.’,'" Loo OrscmiATion cone Moe. T were
. .
Smrome e v row [0 T e [ b | 2o
i vor o wore E187.1 e, Wil GERTH 7O WATER TARLE Mo weter encountered N P9 - 1 1
e meg T IATET 7y oveser 175 T T e A |
TOTAL come mecOvERY. 39 pAg WOLE COMPLETED 1] December 1955 DENCE, AYD VERY FINE CRAINED. / |
OCCASIONAL PINT BRN FLOA
w besrd oescmsrion c:_. SORE HOLE CAMERA sowT OATA LAYIRS APPROXIM\TELY 1/2 DN, /
Fru| ey | 400 Rzoov.| “O | sraue » | mOTHa 105 THI’X AND DIPPING 43 70 50
M A ey &G PILLING il DEG BECOMES MORE PRONOUNCED
61871 WITR DEPTH TO 146 FT. BELOW 4
o 146 PT FLOV LAYERS BECOME 64

APR TAN SILTY SAND W/FRAG AND BLIRS
OP VITROPHYRE AND GLASSY
\| 4|t  PoRmHYRITIC TRACHYTE

FAINT AND WIDELY SCATTERED. 4
GUB UL

MODFRATELY JOINTED WITH MOST

JOINTS PARALLEL TO FLOW STRUC-
‘TURE .ND LINED WITH SECONDARY
MINFRALS, CORE SIZZ TO 128 PP

no

Top of Rock

b} VITROPHYRE AND GLAGSY PORPRAYRITIC -
TRACHYTE) BIX AND RED-BRN,

HIGHLY VESICULAR AND WE\TRERED,

3o 5 tn, several
times between

0
105 and 139 rt. é
103.8 t0 105.5 ft, brecclated 2 :
0ne N

12,0 to 174.0 Tt core otze
from 1w 3

CORE SIZZ 1 TO 2 IN. us

120

125

i
{ |
i
|
! I3 FROM 1 IN, TO 1 FT,
H NOTE: Pods dropped from
]
i
HH
;i

12"

3

g

|

i

i

i

{ |

I | |
e g % i ‘
i

i

" =

& 13

PresasssinseesorsraseITEIStINesTRIEITIENLY)
o

129.8 ft, breceisted sone /
1/2 1n vide aips 13 eec |
Healed vith ealeit &
nz 0 to 135 €', wrecetated g
2

139.2 to 139.6 ft, brecciated
sone

WHITE, SUBHEDRAL FQUANT PHENO-
CRYGTS OF AUCALT FELOGPAR
(1 16 70 1/8 IN,, AVERAGING
IN. IN SIZ2). SET IN RED-
3 m VERY FINE GRAINED TO
GLASSY, MODERVTELY VESICULAA

PORPNYRTTIC TRACKYTE; WITH 20% y/ '
135

MATRIX; HIGHLY WEATHERED AXD

N

&
FRACTURED, NUMEROU3 SHORT, o i
UNORIENTED RAIRLINE FPRACTURES. a8
3 l CORE SIZX 1 TO & IN, 9 H
Hy
i
H ws M e [ som|1nc, 0
'§ wUE 355 |1/87, 0
[
i
3 t“ . /", rt
i 1% wsie | 3om|m
H (1] wie Loz | K
6162.1] 4 1 w6 |uox|1/87, 0
PORPHYRITIC TR\CHYTE; AS ABOVE U ] muww »
EXCEPT GROUNIMASS IS BRN, Prom 160 to 177 £t flov struoture U N 90 |1/167, Pt
VERY FINZ GRADED, AKD MODER= a1ps 30 de, Belov 177 ft e 303k | 1/16", ©

ATELY VESICULAR, HIGHLY flov structure aips 20 deg. 82

FRACTURED, ALTERED .ND WE\THa

£
-
1
§

%0 ERED; MUMFNOUS SHORT, UNORT= v H— w6z | uozz|1/8", pr
DITED, RAIRLINE FRACTURES.
61351 CORE SIZ 2 70 3 DN, .
i 1 || wee |0=|106, ¢
. b R ? [ 1 maz | éare| /8", 0
55 PORPHYRITIC TRICHYTE; A3 AMOVE < /
EXCEPT GROUNIMASS I3 GRY, . . H— iz |uwos|n
i VERY FINE GRAINED, AND MODER= 33|
3| ATELY VESIQULR, WITH SCFTERED, 1 % 300
AL, KED-BRY, TACLUSIONS AND. - 200
IRREALAR 5.IRLS; ALTERED AND il 2 A 5
60 WETHERED; HIGHLY FRACTURED, ) ad 308
} f CORE SI:E 1 IN. TO 1 FT. ] % 308
5125,1 : t— 300
f nig 200
! 174.0 ft, core size from here = 308
PORPHYRITIC TRICHYTE; AS ABOVE o bottom is less than 1 ft 200
EXCEPT GROUNIMISS 13 BRN, 1 vith most fragnents less o 308
SLIGHTLY VESIZULAR, AND VERY ] than 6 1ne | | b
FDIE GR.INED, SLIGHTLY ;
ALTERED WD VLDIENED) RIGHLY s to gs"‘:‘z: :;;:’;;‘:f‘_ H 300
FRACTURED, _ NUMERQUS SHORT, Realvd vith caltites - VA Bavs
VERTIC\L, SBP.RILLEL 70 UN= ) 200
CRIRNTED KAIRLINE FR(CTURES, 1 = 208
CORE SIZE L Dis T0 1 T, = 208
1 H = 208
== =
-
p U ™ 208
183.6 ft, brecctated sone & 650
,& greater than 2 in, vide. 4 - 200
od Hoaled with caleites H = 85
- 200
[ H 209
52 L - 200
200
: é 1% -
200
' 197.3 to 198.6, clay gouge vith |
slickensides in fracture | | .
4 dipping 6O deg. T~ 200
¢ o A 20
608
p ) H
///« ® Data are from core log
p ] |
1 Bottom Depth: 202,3 ft
Bottom Elevation: 59048 ft
00,1
7
2 -

(Continued)




PROJECT CABRIOLET

BORING NO..

UePOL=b

BORING WO,

Ve20L~4 _(Continued)

LOCATION (NEVADA STATE COORDINATES!

N 921,40 3.4k E Sub,h3u.2)

ANGLE OF BORNG.

Verticul

TYPE OF BORING

NX = DI MOND

EARNG.

ORILLING AGENCY.

WES

e
s

Er Ty

e
e ofscmrTioN

BURE HOLE CAMERA JOINT DATA

l srece
)

woTe e
FiLLinG

EL TOP OF HOLE

6202,6 1%, ML

OEPTH TO WATER TABLE

Mo water encountered

ToTAL DEPTH

HOLE &

201.3 ft

Tanteo

16 December 1965

TOTAL COmE mECOVERY

43.8%

oL C

oueLETED

& Junuary 1966

[
T

oerry
r

oEscmieTiON

BORE HOLE CAMERA JOINT DATA

%
come

wion

»r

stmee
IEG

o
TEG

woTh e
riLLing

6202,6

6200.6

TN SILTY SWND W/FR\G AND BLORS
OF PORPHYRITIC TR\CHYTE AND

10

25

6172.3

v
Top of Rock
PORPHYRITIC TRICIYTE} WITH 20%

'
23

6152.3] %0

PORPHYRITIC TRICHYTE} A5 AROVE
EXCEPT GROUNIMASS IS5 BRXY,
DENUE, AND VERY FINE GRAINED,
CORE UI:E 2 IN, TO 1 FT.

32.0 to 33.0 ft, subparsllel
lines of vesicles, dip 60 to
9 deg.

44,0 to 45,0 £t, highly vestcular
vith flow layers dippine 70 deg.
Altered and veathered aroun
vesteles.

55
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6131.6)

PORPHYRITIC TRACHYTE; AS ABOVE
EXCEPT GROUNIMASS 13 RED-BRN
TO BRN, SLIGHTLY TO MODERATELY
VESICULAR, AND VERY FINE GRAINED
TO GLASSY.  HIGHLY FRACTURED
AND ALTERED WITH WEATHERING
ALORG FRACTURES, CORE S1ZX
LESS THAN 2 IN.

63.6 t0 70.0 ft, brecciated sone

10 ;
!

95 488

PORPWYRITIC TRACHYTE) AS ABOVE
XCEPT RED-ORANGE AND BIACX

FROM 71.0 TO 101.3 PT.

TN

—
5101, 3

100

.0%0.1

PORPHYRITIC TR.CIYTE} A3 .BOVE

H EACEPT GROUNDM.GG IS GRY,
VESICULAR, VERY FDME GRLIVED,
105 INCLUSIONS.
HIGHLY FR.CTURED.

no

6001, 3

PORPHYRITIC TRACHYTE} A3 AROVE
EXCEPT GROUMIMAGS 15 GRY=BRN,
DPIUE, AND VERY FINE GRAINED,
OCCACIONAL DK GRY D BRN FLOW
L\YERS,

112,5 to 125.0 ft, highly frece
tured vith nuscrous short
narrov fractures healed with

L
i caleite, Core size L unbto
8 tn,

121.0 ft, brecciated sone 3 in.
vide, dlpl 60 deg. Healed
vith calcite,

125,0 to 137.0'ft, slightly Jointed
vith calcite along joints. Flov
layers dip 30 to 60 deg.

120.5 e, brcechud sone 2 in.
wide, dips 30 de

137.0 to 160.9 ft, flov layers
dip 30 to 50 deg.

1647 to 168.2 ft, r-uAuhA one
2 in, vide strikes N4 W and
dips 60°Ow. Mealed with
calettes

T T

I

I

1

TTIrTT

100

160.9 ft, flov layers
spaced 1/2 tn. spgrt, strike
apgroximutely N6 E and dip
30°3E. Dip gredually lessens
to 15 deg near dottom of hole.
Most Joints perallel flov
layers. s .
167.0 ft, brecciated sone 1/2 in.
vide, dipa 70 deg. Healed vith
oalcite; slickensides present.
i
HiH
HiH
200

LI T T ITT

11810001 RAISII

l/ﬂ:, Pr

104 1/16%, 0

(continued)

6l

Bottcm Depth: 201.3 ft
Bottom Elevatfons 6001.3 ft
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APPENDIX B

PETROGRAPHIC EXAMINATION AND SAMPLE DESCRIPTION

B.1 SAMPLES

Samples of the following rock cores from Project Cabriolet drill
hole Ue20L-1 were received for petrographic examination. The origi-
nal cores were received as 6-inch diamond-drilled cores. NX-diameter
cores were drilled from the larger diameter cores in order to obtain
specimens with proper length to diameter ratios for physical testing.
Inspection of the cores before drilling the smaller éores indicated
that there were possibly three varieties of rock present. The sam-

ples to be examined petrographically were selected on this .

supposition.
CD Serial No. Field Depth Description
Sample No. :
£t
NTS-33 DC-1(A) 2 21.9 to 24.0 Dense, reddish porphy-
ritic rock.
NTS-33 DC-1(C) 1 87.5 to 88.9 Vesicular, somewhat weath-
ered, reddish porphyritic
i rock.
NTS-33 DC-1(D) 5 151.8 to 153.3 Dense, grayish-red porphy-

ritic rock.

The samples examined were slices of core 1 to 2 inches long that had
been trimmed from longer core lengths in the preparation of cylinders
for physical testing. |
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B.2 TESTING PROCEDURE

The coré samples were examined with a stereomicroscope on coreq,
freshly broken, and sawed surfaces. A thin section of each sample
was prepared and examined with a petrographic microscope. Repfesent-
ative samples of each core were examined on the X-ray diffractometér.
The indexes of refracfion of the feldspar phenocrysts in the cores
were determined in oil immersion mounts. The X-ray diffraction pat-
terns and thin sections were compared with those of cores from a
nearby drill hole, Ue20K-1, which had been examined earlier (see

reports dated 5 March and 1 April 1965, Project: Palanquin).

B.3 DESCRIPTION OF CORES

B.3.1 Core Sample No. 2, NTS-33 DC-1(A). The sample, slightly

over 1 inch long, was a dense, grayish-red (10 R h/?)l porphyritic
igneous rock containing‘clear to white anhedral to subhedral feldspar
phenocrysts ranging'in size from about 1/8 to l/? inch, and a few
highly altered green ferroan mineral phenocrysts in a grayish-red..
very fine-grained groundmass. Index of refractidn measuremenfs and
other optical properties'indicated that the composition of the feld-
spar phenocrysts was anorthoclase. Thin sections showed the ground-

mass of the rock to be composed of slightly oriented lath-shaped

The Rock Color Chart Committee, National Research Council; "The

Rock Color Chart"; 1948; Washington, D. C.
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feldspar microlites, extremely small greenish-yellow byroxene grains,
and reddish-brown to opaque mineral grains composed of hematite and
altered ferroan minerals. The red coloration of the rock was due.to
these mineral graiﬂs. The feldspar phenocrysts were corroded and -
contained numerous inclusions, but no evidence of alteration to

clay minerals was noted. The pyroxene phenocrysts were altered along
edges and fractures to iron -oxide. Many were almost completely
altered. No quartz, mica, or clay minerals were detected either in
thin section or in the X-ray diffraction pattern of the rock. The
rock was classified as a trachyte porphyry on the basis of its miner-
alogical composition and texture. |

B.3.2 Core Sample No. 5, NTS-33 DC-1(D). The groundmass of

this core sample had a darker grayish-red cast (near brownish-gray
(EMYR 4/1) on Rock Color Chart); otherwise it was similar in appeaf-
ance to sample No. 2. The rock was é dense porphyritic igneous rock
(trachyte porphyry) composed of white to clear anorthoclase feldspar
and _green altered pyroxene phenocrysts in a denge, wvery fine-grained
trachytic-textured groundmass of feldspar microlites, pyroxene, hema-
tite, and altered mineral grains. The X-ray diffraction patﬁern
indicated that a small amﬁunt of‘quartz was present, although none
was found by microscope. Rock represented by this core sample and

" sample No. 2 (NTS-33 DC—l(A)) would be expected to have very similar

physical properties. ' ‘ . .
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B.3.3 Core Sample No. 1, NTS-33 DC-1(C). This core sample,

about 2 inches long, was composed of a somewhat weathered, vesicular,
porphyritié igneous rock. The vesicles in the rock were elongated,
usually less thaﬁ 1/8 inch long, had clear to white linings probably
composed of opal-cristobalite mixtures, and many contained small
spherulites composed of cristobalite. Inladdition, some vesicles
contained extremely small, slender, prismatic, yellow crystals simi-
lar to those‘fbund in core No. L4, a Highly weathered. sample from
drill hole Ue20K-1l, which was examined for Project Palanquin. Many
of these crystals had altered to a rusty brown color. The feldspar
Phenocrysts were éimilar in>size, composition, and degree of alter;-
tion to those in the other two core samples. Pyroxehe phenocrysts
were almoét completelydaltered to iron oxide. Feldspar microlites in
the groundmass of the rock were similar in size, composition, and
oriéntation to those in éhé other samples. Almost all the small
pyroxene grains in the groundmass were altered to iron oxide. The
intense alteration of the ferrocan minerals~aﬁd-the‘pfesence-of tiny-
hematite crystals were responsible for the red coloration of the
groundmass of the rock. The X-rayldiffraction pattérn was similar
to those of the other samples. The amount of weathering and the
vesicular nature of this rock should render it physically weak in

comparison with the other two core samples.
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B.4 COMPARISON WITH PREVIOUS SAMPLES

The three samples examined in the present study were compared
with previously examined core samples from drill hole Ue20K-1, Proj-
ect Palanquin (see petrographic reports dated 5 March and 1 April
1965). In general, the rock from the two drill holes was found to
be similar in composition and texture, as reflected in X-ray diffrac-
tion patterns and thin séctions of the core samples. All were classi-‘
fied as trachyte porphyry. Variations in the amount of hematite and
alteration of ferroan minerals in the groundmass of the rock were
responsible for the color differences in the cores. For the most
part, the cores were dense and physically sound rock, but both‘drill
holes contained weathered zones as represented by sample No. 1, 87.5
to 88.9 feet in the present drill hole, and core sample No. 4 from
about 140 feet in drill hole Ue20K-1. Physical properties of the

rock in the two drill holes should therefore be very similar.

B.5 SUMMARY

Petrographic examination of the three core samples indicated
that all had similar mineralogical compositions. All were soda-rich,
porphyritic igneous rocks from lava flows. The cores were composed
of clear to white anorthoclase (feldspar) andialtered pyroxene pheno-
crysts in very fine-grained’trachytic-textured groundmasses. Core
_samplés No. 2 and No. 5 were dense and reiatively wnaffected by

physical weathering and should have similar physical properties,
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whereas core samﬁle No. 1 was vesicular, containing secondary depos-
its within the vesicles, and was physically weaker than the two dense
‘core samples. All three samples were classified as trachyte porphyry.
Minor color differences in the samples were due to variation in the
amount of hematite and altered ferroan mineral grains in the ground-
mass, and in themselves should not affect the physical properties to

any extent.
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Boring No. Ue20L-1
Depth 21.9 to 24.0 feet
Core Length 11.5 inches

TRACHYTE PORPHYRY, light reddish-brown, aphanitic
groundmass with small reddish crystals and large pheno-
crysts of soda-rich feldspar disseminated theoughout the core,
Prenocrysts range in size up to 1/2 inch in their longest di-
mension. There are numercus short narrow Cracks, approxi-
mately 174 inch long, on the core surface, most of which are
filled with iron oxide; there is no preferred orientation, There
is a fresh break 4-1/2 inches from the top. Two small narrow
cracks are present near the bottom of the core. This rock is
very similar to the rock gxamined and tested for Project
Palanquin.
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Boring No. Ue20L-1
Depth 87.5 to 88.9 feet
Core Length 11.8 inches

TRACHYTE PORPHYRY, reddish-brown, aphanitic ground-
mass with small reddish crystals and small and large pheno-
crysts of soda-rich feldspar disseminated throughout the core,
Phenocrysts range in size from pinhead size to 3/8 inch in
their longest dimension. The short narrow cracks as de-
scribed for specimen from 21.9 to 24.0 feet are present. Nu-
merous vesicles are present on the core surface and range
from very small to 1/4inch in their longest dimension; they
have no preferred orientation. An oid fracture encircles the
core approximately 3 inches from the bottom. The core is
badly weathered, and its physical properties should be some-
what lower than those of the other cores.’

Boring No., Ue20L-1
Depth 168.3 to 170.7 feet
Core Length 12.0 inches

TRACHYTE PORPHYRY, gray with light brown color bands;
aphanitic groundmass with some small reddish crystals and
large phenocrysts of soda-rich feldspar disseminated through-
out the core. Phenocrysts range in size up to 1/2 inch in
their longest dimension. The same short narrow cracks are
present as in specimen from 21.9 to 24.0 feet. Reddish-brown
colorbands encircle the core and dip approximately 50 degrees.

LEGEND

Boring No. Ue20L-1
Depth 41.7 to 43.7 feet
Core Length 11.9 inches

TRACHYTE PORPHYRY, description is the same as for spec-
imen from 21.9 to 24.0 feet with the following exceptions: an
old Macture encircles the core approximately 1 inch from the
bottom of the core; a small amount of iron oxide fills the
lrac'lure.

Boring No. Ue20L-}
Depth 151.8 to 153.3 feet
Core Length 10.8 inches

TRACHYTE PORPHYRY, description is the same as for spec-
imen from 21.9 to 24.0 feet with the following exceptions:
core is grayish-red with reddish-brown color bands encircling
the cors which dip approximately 40 degrees,
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Boring No. Ue20L-3
Depth 106.0 to 106.8 feet
Core Length 10.0 inches

TRACHYTE PORPHYRY, light brownish-gray, aphanitic
groundmass with small reddish crystals and large phenocrysts
of soda-rich feldspar disseminated throughout the core. Pheno-
crysts range in size up to 3/4 inch in theit longest dimension,
Numerous short narrow cracks, approximately 1/4 inch long,
some filled with iron oxide, are present on the core surface,
Top of core is an old fracture surface; bottom of core has an
old tracture surface and a surface intersecting the fracture
which appears to be a joint plane partly covered with 8 white
noncalcareous material; the apparent joint piane dips approxi-
mately 70 degrees.

_ FELDSPAR PHENOCRYSTS SHORT NARROW SURFACE CRACKS
[27222] suALL Reoois cRysTALS
| JT] coronanos

Figure B.1 Descripfion' of's_amples from borings Ue20L-l and Ue20L-3.
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“Note: These core logs were conducted on NX size cores drilled from 6-
inch cores. Core ends are sawed surfaces; therefore, no descrip-
* tion is given of the natural core ends except where so stated.
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APPENDIX C

PHYSICAL TEST DATA
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TABLE C.1 UNCONFINED COMPRESSIVE STRENGTH TEST RESULTS, PROJECT CABRIOLET, i FEBRUARY 1966

Test method used, CRD-C 19; Specimen diameter, 2.125 inches; specimen length, 4.25 inches;

rate of load, 50 psi/sec, method of sawing to length, diamond saw; method of end preparation,

surface ground; testing apparatus, 440,000-pound Baldwin Universal Machine; method of strain
measurement, two vertically and two horizontally opposed SR-U strain gages, type A3-S6.

Stress Average Strain Stress Average Strain
Vertical Horizontal Vertical Horizontal

'psi pin/in pin/in psi uin/in pin/in

Boring Ue20L-1l; Core Depth, 21.9 Boring Ue20L-3; Core Depth, 106.0

to 2L4,0'feet: to 106.8 feet:

0 0 0 0 0 0
1,410 420 60 1,410 530 65
2,820 825 115 2,820 980 145
4,240 1,200 260 4,240 1,375 230
5,650 1,570 k1o 5,650 1,730 310
7,060 1,935 595 7,060 2,095 430
8,470 2,305 1,095 8,470 2,455 600
9,890 2,310 1,895 9,890 2,815 820

11,300 2,355 -- 11,300 3,135 1,175
12,250 2,675 -- 12,710 - 3,380 1,640
13,210 - -
Boring Ue20L-1; Core Depth, L41.7
to 43.7 feet: Boring Ue20L-l; Core Depth, 151.8
" to 153.3 feet:

0 0 . 0 -

1,10 540 125 0 0 0
2,820 1,040 285 1,410 590 90
4,240 1,4k0 435 2,820 1,140 235
5,650 1,790 620 4,240 1,635 380
7,060 2,230 880 5,650 2,255 570
8,470 2,590 1,140 7,060 . 2,865 805
9,890 2,805 2 21+5 8,470 3,380 1,070
11,300 3,120 h 265 9,89 3,865 1,kko
12,710 3,430 -- 11,300 4,345 2,000
12,880 _3,hk5 -- 12,710 J*,555 3,360

13,000 -- L --
Boring Ue20L-l; Core Depth, 87.5
to 88.9 feet: Boring Ue20L-1; Core Depth, 168.3

to 170.7 feet:

0 0 0
1,k10 . 8o 115 0 0 0
2,820 1,535 285 1,10 340 90
4,240 2,115 525 2,820 760 195
5,650 2,680 825 4,240 1,210 360
7,060 3,260 -- 5,650 1,605 595
7,090 -- -- 7,060 2,015 860

8,470 2,335 1,125
9,890 2,640 1,515
11,300 2,920 2,155
12,710 3,160 h 350
13,420 3,370 --
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TABLE C.2 RESULTS OF TRIAXIAL TESTS, BORING Ue20L-1

N

Area of specimen, 3.54 square inches; area of loading head, 19.63 square inches; rate of load, 50 psi/sec;

method of sawing to length, diamond saw; method of end preparation,
440,000-pound Baldwin Universal Machine and triaxial chamber;

opposed SR-4 strain gages, type A3-S6.

surface ground; testing apparatus,
method of strain measurement, two vertically

Lateral Axial Axial Deviator Axial Lateral Axial Axial Deviator Axial
Stress Load Stress Stress Strain Stress Load Stress Stress Strain

. g [+ g

3 3

psi pounds psi psi uin/in psi pounds psi psi pin/in
Core Depth, 21.9 to 2}4.0 feet; Ultimate Strength, Core Depth, 151.8 to 153.3 feet; Ultimate Strength,
47,749 psi; Specimen Length, 4.25 inches; Specimen 46,470 psi; Specimen Length, 4.25 inches; Specimen
Diameter, 2.125 inches; L/D Ratio, 2.00: Diameter, 2.125 inches; L/D Ratio, 2.00:

0 0 0 0 (o} 0 0 0 o} 0
1,000 19,000 0 0 0 1,000 20,000 0 0 0
2,000 37,500 0 -0 o] 2,000 40,000 [ 0 0
3,000 55,500 o] (o] [} 3,000 59,000 (o} 0 0
4,000 75,000 0 0 0 k4,000 78,500 0 0 0
5,000 91\"500 26,700 0 [o] 5,000 97,500 27:5“0 0 0
5,000 100,000 28,250 1,550 0 5,000 100,000 28,250 710 10
5,000 110,000 31,070 4,370 825 5,000 105,000 29,700 2,160 655
5,000 120,000 33,900 7,200 1,420 5,000 110,000 31,070 3,530 925
5,000 130,000 36,720 10,020 1,965 5,000 115,000 32,490 4,950 1,340
5,000 140,000 39,550 12,840 2,555 5,000 120,000 33,900 6,360 1,
5,000 150,000 k2,370 15,670 3,125 5,000 125,000 35,310 7,770 1,915
5,000 -160,000 45,200 18,490 3,685 5,000 130,000 36,720 9,180 2,255
5,000 170,000 ,020 21,320 k,265 5,000 135,000 38,140 10,600 2,625
5,000 180,000 50,850 24,140 4,875 5,000 140,000 39,550 12,010 3,000
5,000 190,000 53,670 26,970 5,480 5,000 145,000  L0,960 13,420 3,265
5,000 200,000 56,500 29,790 6,115 5,000 150,000 k2,370 14,830 3,595
5,000 210,000 59,320 »620 6,785 5,000 155,000 43,790 16,250 3,975
5,000 220,000 +150 35,440 T5475. 5,000 160,000 45,200 17,660 L,275
5,000 230,000 64,970 38,270 8,235 5,000 165,000 46,610 19,070 4,565
5,000 240,000 67,800 41,090 9,070 5,000 170,000 48,020 20,480 4,895
5,000 250,000 70,620 43,920 9,985 5,000 175,000  Lg,lko 21,900 5,235
5,000 260,000 73,450 46,750  11,l45 5,000 180,000 50,850 23,310 5,585
5,000 263,500  Th,kk0 7,749 12,625 5,000 185,000 52,260  2k,720 5,895

5,000 190,000 53,670 26,130 6,2
Core Depth, 76.7 to 77.7 feet; Ultimate Strength, 5,000 195,000 55,090 27,550 6,695
37,860 psi;® Specimen Len%h, 3.75 inches; Specimen
Diameter, 2.125 inches; L/D Ratio, 1.76: 5,000 200,000 56,500 28,960 7,005
5,000 205,000 57,910 30,370 7,430

0 0 0 0 0 5,000 210,000 59,320 31,780 7,765
1,000 20,000 0 0 0 5,000 215,000 60,730 33,190 8,140
2,000 39,500 0 [ 0 5,000 220,000 62,150 34,610 8,485
3,000 58,500 0 0 [¢]

§,000 78,000 0 0 0 5,000 225,000 63,560 36,020 . B,Egg
5,000 97,500 27,540 0 0 5,000 230,000 64,970 37,430 9,
5,000 235,000 66,380  38,8l0 9,915
5,000 100,000 28,250 710 655 5,000 2ko,000 67,800 40,260 10,335
5,000 110,000 31,070 2,160 955 5,000 245,000 69,210 11,670 10,765
5,000 120,000 33,900 3,530 1,325
5,000 130,000 36,720 , 1,665 5,000 250,000 70,620 43,080 11,305
5,000 130,000 36,720 4,950 5,000 255,000 72,030  4,ko0 11,665
5,000 260,000 73,450 45,910 . =430
5,000 130,000 36,720 4,950 5,000 262,000 74,010 46,470 -2,070
5,000 130,000 36,720 4,950 :
5,000 234,250 66,170 38,630
& COrrazgtion of ultimate strength when L/D ratio is less than 2, CRD-C 27-63: 38,630 psi X 0.98 =
37, psi. . .
b Strain gage became inoperative after this reading.
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TABLE C.3 RESULTS OF TENSILE STRENGTH (DIRECT) TESTS, PROJECT
CABRIOLET, 4 FEBRUARY 1966

No test method has been set up to date. Specimen was cemented to
steel plates which were attached to universal swivel joints and then
pulled apart. .

Boring Ue20L-1

Specimen diameter-----c-e oo - 2.125 inches
Specimen length-=-====m oo oo oo e e 4.250 inches
Rate Of 108d--n-mnmmmmmmmmnmm- 800' 1b/min or approximately 47 psi/sec
Method of sawing to length--------- ; --------------------- diamond saw
Method of end preparation-------- surface ground and Steelcote Epoxy,

binder type II, Part A-EP
(Corps of Engineers)

Testing apparatus-------ecceeeae-- 30,000-pound Riehle Testing Machine
Method of strain measuremeﬁt-f ------- s mmmemeeeeeoe none
" Core Depth Direct Tensile Strength®
ft - psi
21.9to 24:0 350
151.8 to 153.3 k10

 Direct tensile strength = %v.
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TABLE C.4t RESULTS OF STATIC TENSILE SPLITTING TESTS, PROJECT
CABRIOLET, L4 FEBRUARY 1966

Rate of load, 150 psi/%ec; method of sawing to length, diamond saw;
testing apparatus, 440,000-pound Baldwin Universal Machine; test
method used, CRD-C 77.

Boring Core Depth Specimen Tensile
No. , Splitting
Diameter Length Strength®
feet _ inches inches psi
Ue20L-1 21.9 to 24.0 T 2,12 4.30 810
Ue20L-1 41.7 to 43.7 2.12 4.33 920
Ue20L-1 87.5 to 88.9 2.13 2.13 4ho
Ue20L-3 106.0 to 106.8 2.13 2.13 870
Ue20L-1 151.8 to 153.3 2.12 4.25 860
Ue20L-1 168.3 to 170.7 2.12 4,25 1,060
a . cpps 2p
Tensile splitting strength (T) = 5 » Where
T = tensile splitting strength, psi.
P = maximum applied load, indicated by testing machine, pounds
t = length of specimen, inches
d = diameter of specimen, inches
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TABLE C.5 COMPUTATIONS USED, PROJECT CABRIOLET, 4+ FEBRUARY 1966

To‘obtain bulk density multiply specific gravity by 62.3 lb/bu 5.

‘Bulk Dry Specific Gravity:

, Where

Saturated Surface-Dry Specific Gravity:

WS
GS = m— P where
S '

Specific Gravity of Solids:

WK
o =W ¥W_-w_—_ > Mhere

bw bws

W

bw

bws

specific gravity of the oven-
dried core

weight of the oven-dried core
in grams

volume of the core in
milliliters

density of water at tempera-
ture of test specimen

specific gravity of the
saturated surface-dry core
weight in air of the satu-
rated surface-dry core in
grams

weight in water of the satu-
rated surface-dry core in
grams -

the oven-dried weight of the
powdered rock sample in grams
the correction factor, based
on the density of water at

20 C

weight of flask plus water at
test temperature in grams
weight of flask plus water
plus solids at test tempera-
ture in grams '
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Figure C.1 As-received 6-inch cores.

9




Figure C.2 Posttest phobograph showing typical fallure
of specimens tesbed in unconfined compression.



Figure C.3 Posttest phﬁt%mph uhowmg; the tenszli,c, failure
surfaces of specimens tested in direct tension.
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