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within and among the major formational-level stratigraphic units. Nonwelded intervals in general exhibit

,‘higher recoveries and more intact (higher) RQD values than welded intervals. The most intact, highest-
»RQD materials encountered within the Topopah Spring belong to the lower 33.3 ft (10.15 m) of the middle
, nonlithophysal zone. Estimation of lithophysal cavity abundances is complicated by the existence of cavi-

ties much larger than the core diameter; drilling through intervals of these large cavities produced exten-
sive zones of “lost” core and rubble.

This réport includes quantitative data for the framework material properties of porosity, bulk and
particle density,.and saturated hydraulic conductivity. Graphical analysis of variations in these laboratory
hydrologic properties indicates first-order control of material properties by the degree of welding and the
presence of zeolite minerals. Many major lithostratigraphic contacts are not well expressed in the material-
property profiles; contacts of material-property units are related more to changes in the intensity of weld-
ing. Approximate in-situ saturation data of samples preserved immediately upon recovery from the hole
are included in the data tabulation.

Geophysical data have been obtained for the upper approximately 1500 ft (450 m) of the USW
SD-9 drill hole; the lower part of the hole below the Topopah Spring Tuff has not been logged. Geophysi-
cal logs include density, gamma-ray, epithermal-neutron porosity, electrical-resistivity, and caliper profiles
down to the base of the Topopah Spring Tuff. The bulk-density log provides the most lithologic informa-
tion, and many of the lithologic subdivisions of the Paintbrush Group tuffs can be tied to distinctive
changes in the density trace. Discrimination of welded from nonwelded rock types and of lithophysal
zones and nonlithophysal zones is immediately apparent in the density log. Material-property units identi-
fied using geophysical logs do not correspond in detail to the broader, genetic lithostratigraphic unit
boundaries.
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Abstract

Drill hole USW SD-9 is one of several holes drilled under Site Characterization Plan Study
8.3.1.4.3.1, also known as the “Systematic Drilling Program,” as part of the U.S. Department of Energy
characterization program at Yucca Mountain, Nevada, which has been proposed as the potential location of
a repository for high-level nuclear waste. The SD-9 drill hole is located in the northern part of the potential
repository area, immediately to the west of the Main Test Level drift of Exploratory Studies Facility and
south of the North Ramp decline. Drill hole USW SD-9 is 2223.1 ft (677.57 m) deep, and the core recov-
ered essentially complete sections of ash-flow tuffs belonging to the Yucca Mountain, Pah Canyon, and
Topopah Spring Tuffs of the Miocene Paintbrush Group. The hole cored the entire Calico Hills Formation,
which underlies the Paintbrush Group, and all but the lowermost part of the Prow Pass Tuff of the Crater
Flat Group.

The drill hole was collared low in the welded portion of the Tiva Canyon Tuff; only 38.7 (11.8 m)
of this formation was recovered. The Yucca Mountain Tuff is approximately 45-ft (13.7-m) thick, and the
interior portion of this ash flow is partially welded. The Yucca Mountain Tuff thins to extinction south-
ward. The Pah Canyon Tuff is 69.4 ft (21.15 m) thick and is completely nonwelded in this drill hole. The
Topopah Spring Tuff consists of 1211.5 ft (369.25 m) of generally densely welded material; this is one of
the thickest known sections of welded Topopah Spring Tuff at or near Yucca Mountain. Lithophysae are
well developed locally within the parts of the Topopah Spring, and large lithophysal cavities up to several
feet (many tenths of a meter) in diameter are present throughout roughly the lower two-thirds of the unit.
This somewhat anomalous occurrence of very large lithophysal cavities, which is in addition to the better
known presence of zones containing smaller, inch-scale (cm-scale) lithophysae within the Topopah Spring,
may be related genetically to the greater thickness of the unit at this geographic location. The Calico Hills
Formation in drill hole SD-9 consists of 341 ft (103.87 m) of nonwelded and mostly zeolitized tuffaceous
materials. The hole cored 402.4 ft (122.65 m) of rocks belonging to the ash-flow sequences of the Prow
Pass Tuff. The drill hole was stopped short of the base of the lowermost known ash-flow unit of the Prow
Pass.

Quantitative and semiquantitative data are included in this report for core recovery, rock-quality
designation (RQD), lithophysal cavity abundance, and fracturing. These data are spatially variable, both
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Geology of the USW SD-9 Drill Hole,
Yucca Mountain, Nevada

Introduction

The U.S. Department of Energy is evaluating a
site at Yucca Mountain, located in southern Nye
County, Nevada, as the potential location for an
underground high-level nuclear waste repository
(fig. 1). This report contains results of geologic
logging and lithologic description of core from
drill hole USW SD-9, which is one of a number of
holes being drilled at the Yucca Mountain site to

characterize the subsurface geology of the pro-
posed repository block. A suite of framework bulk
and hydrologic properties are also reported in the
context of the geologic description. These activi-
ties have been conducted under Site Characteriza-
tion Plan (SCP; DOE, 1988) Study 8.3.1.4.3.1,
“Systematic Acquisition of Site-Specific Subsur-
face Information,” which is commonly referred to

as the Systematic Drilling Program.
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Figure 1.

(a) Index map showing location of the potential Yucca Mountain repository site in southern Nevada in

relationship to the southwestern Nevada volcanic field (after Byers and others, 1989). (b) Expanded map of the Yucca
Mountain site showing location of drill hole USW SD-9 and selected other holes (Nevada State Plane coordinates in fe

Purpose of the
Systematic Drilling Program

The Systematic Drilling Program (Rautman,
1993) was proposed to provide repository-design-
critical information in a systematic sampling pat-
tern (fig. 2) within the conceptual perimeter-drift

boundary from the volume of rock to be occupied
by the potential Yucca Mountain repository. The
drilling program is to provide descriptions and
samples of the repository host rock and of rocks
both above and below the repository horizon along
the postulated flow path(s) of deep, unsaturated-
zone ground-water percolation. The Systematic
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Drilling Program will also provide descriptive
information and samples of rocks within the upper
portion of the saturated zone, which include zeolit-
ically altered materials that may act to retard radio-
nuclides migrating away from a constructed
repository.
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Figure 2. Gridded drilling pattern for the Systematic
Drilling Pattern as proposed in Study Plan 8.3.1.4.3.1
(Rautman, 1993).

In addition to descriptive geologic information,
core samples provide the raw material for quantita-
tive measurements of thermal, mechanical, hydro-
logic, and geochemical material properties
necessary for numerical modeling and regulatory
evaluation of the waste-isolation performance of a
potential nuclear-waste repository at Yucca Moun-
tain. A basic set of framework material properties
from USW SD-9 is included as part of this report.
Other site-characterization studies (DOE, 1988) are
also testing samples obtained from the USW SD-9
drill hole. Pore waters extracted from appropriately
preserved core specimens and drill cuttings can
provide isotopic evidence relevant to the age or
residence time and source of the ground water,
including data on the infiltration of water contain-
ing bomb-pulse isotopes from past atmospheric
testing of nuclear weapons. The drill holes them-
selves provide access to the interior of Yucca

Mountain for geophysical logging, down-hole
video examination of the borehole walls, air-per-
meability testing, water-table monitoring and
geochemical sampling, and in-situ instrumentation
for monitoring temperatures, gas pressures, and
changes in gas chemistry with time.

Regional Geologi'c Setting

Yucca Mountain is located within the southern
portion of the southwestern Nevada volcanic field
(Christiansen and others, 1965 and 1977; Byers
and others, 1976, 1989). The southwestern Nevada
volcanic field (fig. 1) comprises a thick sequence
of widely distributed, 7- to 15-million-year-old
silicic volcanic rocks, centered around the Timber
Mountain, Oasis Valley, and Silent Canyon caldera
complexes (Noble and others, 1968).

Yucca Mountain itself consists of a series of
north-trending, eastward-dipping structural blocks
that are bounded by mostly west-dipping normal
faults (W.J. Carr and others, 1986). These fault
blocks are composed principally of thick, welded
ash-flow tuff deposits that are separated by thinner,
nonwelded ash-flow tuffs, silicic lavas, and tuf-
faceous sedimentary units, all derived from a
caldera complex to the north. Previous drilling at
Yucca Mountain has shown that Tertiary volcanic
rocks are in excess of 6000 ft (1829 m) thick in the
vicinity of the potential repository (M.D. Carr and
others, 1986). Pre-Tertiary rocks underlying Yucca
Mountain include thick carbonate and clastic
assemblages varying in age from Precambrian to
Mississippian. A Mesozoic or Tertiary pluton may
lie beneath the Calico Hills to the northeast of the
site (Carr, 1984).

Volcanic Stratigraphy

Yucca Mountain consists of a thick sequence of
variably welded and nonwelded ash-flow tuffs
intercalated with thinner intervals of bedded
(reworked) and air-fall tuffs. The general sequence
of stratigraphic units is illustrated in table 1. Sur-
face exposures within the main repository block
are formed by the several formations of the
Miocene Paintbrush Group. In descending
sequence, these are the Tiva Canyon, the Yucca
Mountain, Pah Canyon, and Topopah Spring Tuffs

(Sawyer and others, 1994). The Tiva Canyon and

2 Geology of the USW SD-9 Drill Hole, Yucca Mountain, Nevada
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Topopah Spring Tuffs are regionally extensive and
generally densely welded. The Yucca Mountain
and Pah Canyon Tuffs are generally nonwelded to
only moderately welded and they are much less
extensive laterally, thinning to extinction toward
the south. Each formation-level unit of the Paint-
brush Group is separated from its neighbors by thin
nonwelded ash-flow tuffs, air-fall tuffs or pumice-
fall units, and reworked, bedded-tuffaceous depos-
its. These intervening tuffaceous materials are typi-
cally referred to collectively as “bedded tuff”
without specific consideration of their actual litho-
logic character.

The Paintbrush Group in the general vicinity of
the proposed repository typically is underlain by a
heterogeneous sequence of rhyolitic rocks known
as the Calico Hills Formation (Sawyer and others,
1994). Within the repository region itself, the Cal-
ico Hills consists of a downward sequence of five
nonwelded ash-flow tuffs underlain by bedded-tuff
unit and a basal tuffaceous sandstone unit (table 1)
(Moyer and Geslin, 1995). Elsewhere in the Yucca
Mountain region, the Calico Hills Formation con-
sists of rhyolitic lava flows, ash-flow tuffs, air-fall
tuffs, and tuffaceous sediments. Much of the Calico
Hills Formation has been zeolitized; vitric tuffs are
preserved principally in the southern portion of the
Yucca Mountain site.

The Calico Hills Formation is underlain by the

Crater Flat Group (Sawyer and others, 1994;

Moyer and Geslin, 1995), which comprises, in
descending sequence, the Prow Pass, Bullfrog, and
Tram Tuffs. Each of these units represents a large-
volume ash-flow eruption. Generally, the degree of
welding in these units is much less than that exhib-
ited by the tuffs of the Paintbrush Group, and the
welded intervals may not be continuous in the sub-
surface. The greater part of each ash-flow sequence
is nonwelded, with welded tuffs constrained to the
interior of each unit. The three formation-level
units are separated from one another by thin inter-
vals of nonwelded tuff and tuffaceous sediments
(“bedded tuff”) in a manner similar to that of the
Paintbrush Group.

Volcanic units underlying the Crater Flat
Group are somewhat poorly known by comparison.
They have been encountered at Yucca Mountain
only in the deeper drill holes (for example: Spen-

gler and others, 1981; Maldonado and Koether,
1983; Scott and Castellanos, 1984; Whitfield and
others, 1984). None of these units was encountered
in drill hole USW SD-9.

Petrogenesis and Zonation of Paintbrush
Group Tuffs

Early field and petrologic descriptions of the
stratigraphic units in the southwestern Nevada vol-
canic field include work by Lipman and Chris-
tiansen (1964) and Lipman and others (1966). In
later work more directly focused on the potential
Yucca Mountain repository site, the thick, welded
intervals of the Tiva Canyon and Topopah Spring
Tuffs were subdivided in geologic mapping by
Scott and Bonk (1984) into a large number of
informally named zones (table 1). This early zona-
tion was based on a number of different character-
istics, including weathering character and color, in
addition to more exposure-independent lithologic
characteristics such as phenocryst content, alter-
ation phenomena, and rock type.

More recently, Buesch and others (1996) have
redefined the zonation of the Paintbrush Group
tuffs. These changes affect principally the thick,
welded intervals of the Tiva Canyon and Topopah
Spring Tuffs. According to Buesch and others,
these two major ash-flow sheets are divided infor-
mally into crystal-rich upper members and crystal-
poor lower members (table 2). This fundamental
change in phenocryst content, which is paralleled
by a downward change in chemical composition
from quartz latite to rhyolite, originates in the erup-
tion of these ash-flow sequences from a composi-
tionally zoned magma chamber underlying the
source calderas (Lipman and others, 1966). More
differentiated, rhyolitic magma in the upper por-
tions of the magma chamber erupted first, followed
by less-differentiated magmatic material from
lower levels as the eruption progressed. A grada-
tional, compositional-transition zone is observed in
both the Tiva Canyon and the Topopah Spring
Tuffs, which exhibits attributes of both rock types.

Buesch and others further subdivide the crys-
tal-rich and crystal poor members into a number of
informal smaller zones and subzones (tables 1, 2).
Some of these zones are based on widespread
petrogenetic phenomena, principally cooling pro-

Regional Geologic Setting 3




Table 1: Comparison of several stratigraphic subdivisions of volcanic rocks at Yucca Mountain and
encountered on the Yucca Mountain Site Characterization Project. (no scale)
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cesses, that affected the ash-flow tuffs during and
shortly after deposition. Both the Tiva Canyon and
Topopah Spring Tuffs exhibit quenched, non-
welded, vitric zones at the upper and lower mar-
gins, where the hot mass of glassy pyroclastic
shards cooled rapidly from exposure to ambient air
or to the relatively cold, preexisting topography.
Welded vitric zones, usually expressed as vitro-
phyres that compacted, fused, and cooled before
devitrification could begin, are found inside the
nonwelded vitric zones. The vitrophyre zones are
thicker and more laterally extensive at the base of
each ash-flow sequence because of the weight of
the overlying, progressively accumulating tuff
deposit. The major part of both the Tiva Canyon
and Topopah Spring Tuffs compacted and cooled
slowly because of the insulating effect provided by
the quenched and largely nonwelded upper and
lower margins of the deposits. The interior parts of
each ash-flow sheet thus consist of moderately to
densely welded, devitrified tuff.

Buesch and others also define other zones and
subzones (table 2) that are related more to alter-
ation phenomena. Residual magmatic gasses
exsolved from the compacting and devitrifying
mass of glassy shards and these gasses produced
vapor-phase alteration consisting principally of
microcrystalline, open-space growths of high-tem-
perature silica and feldspar minerals. These phases
are distinct from the more “primary” assemblages
of minerals resulting from devitrification of the
originally glassy mass of shards. Locally, the vapor

pressure of the exsolving gas was sufficient to .

inflate secondary “bubbles,” known as lithophysal
cavities, along crudely horizontal horizons where
internal pressure exceeded the weight of the over-
lying column of compacting tuff. These lithophysal
cavities are themselves rimmed by vapor-phase
alteration minerals, and the alteration may extend
some distance into the groundmass surrounding the
cavity. The resulting, alternating lithophysae-bear-
ing and non-lithophysae-bearing intervals figure
prominently into the zonation of Buesch and others
(table 2). Additional factors, such as presence and
quantity of pumice, foreign lithic clasts, presence
of spherulites, and fracturing habit, also have been
used to define some of the subzones shown in
table 2.

The thin, tabular nature of a cooling and com-
pacting ash-flow sheet forces most of the thermal
and pressure gradients that cause alteration to be
oriented essentially normal to the long dimensions
of the deposit. Thus, the alteration phenomena of
vapor-phase altered zones, intervals of lithophysal
cavity development, and zones of strong, near-ver-
tical cooling joint development tend to be subhori-
zontal and stratiform. However, because these
features are the result of secondary alteration phe-
nomena, they can—and do—cross-cut “primary”
stratification features such as the crystal-rich/crys-
tal-poor transition.

Subdivisions of the Calico Hills Formation
and Prow Pass Tuff (Crater Flat Group)

Recent review by Moyer and Geslin (1995) of
older samples, data, and published lithologic
descriptions has led to a refined subdivision of both
the Calico Hills Formation and the Prow Pass Tuff,
as these units were redefined by Sawyer and others
(1994). The names and sequence of the informal
units described by Moyer and Geslin from the Cal-
ico Hills Formation and the Prow Pass Tuff are
illustrated in table 1.

Moyer and Geslin (1995) indicate that the Cal-
ico Hills Formation in the vicinity of Yucca Moun-
tain comprises five pyroclastic units, a dominantly
reworked “bedded-tuff” unit, and a basal volcani-
clastic sandstone. Some of these units appear
regionally discontinuous. The pyroclastic intervals
are generally ash-flow tuff deposits separated by
locally preserved air-fall tuff horizons; the content
and composition of pumice clasts and lithic frag-
ments are locally diagnostic of the different ash-
flow groupings. The Calico Hills Formation, in
notable contrast to the tuffs of the entire Paintbrush
Group, contains volumetrically significant quanti-
ties of quartz phenocrysts, whereas the Paintbrush
Group Tuffs are virtually quartz-free. There are
indications that the basal sandstone may represent
material reworked from the Wahmonie Formation,
a distinctive, more mafic volcanic assemblage
(Sawyer and others, 1994) not generally present in
the Yucca Mountain region.

Moyer and Geslin have concluded that the
Prow Pass consists of four regionally correlative
pyroclastic tuff units plus an underlying interval of
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Table 2: Zonation of the Tiva Canyon and Topopah Spring Tuffs According to Buesch and Others (1998)
Showing Parallel Subdivisions
[Lithophysal intervais are shaded}

Tiva Canyon Tuff (Tpc)
crystal-rich member {Tper)

vitric zone (Tperv)
non- to partially welded subzone (Tperv3)
moderately welded subzone (Tpcrv2)
vitrophyre subzone (Tpervi)

nonlithophysat zone (Tpern)
subvitrophyre transition subzone {Tpcrnd)
pumice-poor subzone (Tpcrn3)

Topopah Spring Tuff (Tpt)
crystal-rich member (T; pir)
vitric zone(Tptrv)
non- to partially welded subzone (Tptrv3)
moderately welded subzone (Tptrv2)
vitrophyre subzone (Tptrv1)
nonlithophysal zone (Tptrn)

mixed pumice subzone (Tpcra2)

crystal transition subzone (T peral} crystal transition subzone (Tptrnl)
lithophysal zone lithophysal zone

crystal transition subzone (Tperll) crystal transition subzone (Tptril)

crystai-poor member crystal-poor member

upper lithophysal zone upper lithophysal zone

spherulite-rich subzone (Tpcpuli) cavernous lithophysae subzone (Tpipul2)

small lithophysae subzone (Tptpull)

middle neniiﬂmphysal zone {Tpcpmn)

middie nonlithophysal zone (T, ptpmin)

upper subzone (Tpcpmn3) upper subzone (Tptpmn3)
L lithophysae-bearing subzone (Tj pcpmn2) lithophysae-bearing subzone (T; ptpmn2) 7
lower subzone (Tpcpmni) lower subzone (Tptpmn1)

lower lithophysal zone (Tpcpil)

lower lithophysal zone (Tptpll)

lower nonlithophysal zone (T; pepln)
hackly subzone (Tpcplnh)
columnar subzeone (T peplnc)
spherulitic pumice interval
(Tpepinc3)
argillic pumice interval (Tpcplnc2)
vitric pumice interval (Tpcplincl)
vitric zone (Tpcpv)
vitrophyre subzone (Tpcpv3)
moderately welded subzone (T pepv2)
non-to partially welded subzone (Tpcpvl)
Pre-Tiva Canyon Tuff bedded tuff (Ppbt2)

lower nontithophysal zone (T ptpin)

vitric zone (Tptpv)
vitrophyre subzone (Tptpv3)
maoderately welded subzone (Tptpv2)
non-to partially welded subzone (Tptpv1)
Pre-Topopah Spring Tuff bedded tuff {Tpbtl}

“bedded tuff.” Separation of the different ash flows
is based in part on differences in welding and in the
proportions and types of phenocrysts, pumices, and
lithic fragments. The Prow Pass Tuff is crystal rich
in comparison with the volumetrically dominant
crystal-poor lower members of the Topopah Spring
and Tiva Canyon Tuffs. Also in contrast with the
Paintbrush units, the Crater Flat Group tuffs are
quartz-bearing.

The USW SD-9 Drill Hole
Location

Drill hole USW SD-9 is located at Nevada
state plane coordinates’ 561,818.0 East, 767,988.5
North [fig 1(b)]. The collar of the hole is at an ele-
vation of 4275 ft (1303.35 m}. The hole is located
approximately half-way up Wren Wash on the east-
ern side of Yucca Mountain. The hole is approxi-
mately 500 ft (150 m) west of the surface trace of
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the Ghost Dance Fault as mapped by Scoit and
Bonk {1984). The hole is also some 250 ft (75 m)
to the west of the ESF main test level drift, as that
drift was shown on design documents current when
the hole was sited (fig. 3).

vzis, 20008
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Potential 52
Repository f{ \\ i NRG7A .
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/

Figure 3. Location map of the potential reposifory
region showing the USW SD-8 drill hole in Wren Wash
and in relationship 1o neasby diill holes and the
Exploratory Studies Facility.

Drilling History

Drill hole SD-9 was started on May 6, 1994,
when the top of the borehole was augered to a
depth of 8.65 fi (2.64 m) to set surface-conductor
pipe. Bedrock was encountered at 52.6 ft (16.04 m)
on May 25 beneath drill-pad fill and colluvial over-
burden. Continuous coring operations commenced
using PQ-sized tools (yielding 3.35-inch core), and
the hole reached a depth of 1000-ft (328 m) during
the last core run on June 16. Moist core was noted
below a depth of 1308 ft (398.78 m) on June 27,
starting just above the basal vitrophyre of the
Topopah Spring Tuff (unit Tptpv3, table 1).
Perched water began flowing into the borehole at a
slow rate at a depth of 1353 ft (412.50 m). The
borehole was deepened to 1489.2 ft (454.02 m) and

Note: Nevada State Plane coordinates in feet are widely used
on the Yucca Mountain Project. These coordinates are for
the central zone of Nevada and are based on a Transverse
Mercator projection. The origin of this projection for the
central zone of Nevada is latitude 34°45’N., and the central
meridian is at longitude 116°40°W. Metric conversions of
Nevada State Plane Coordinates are distinctly separate from
true metric coordinates obtained using the 10,000 metre
Universal Transverse Mercator grid, Zone .

borehole conditions were observed using a down-
hole video camera. Water samples were collected
by several bailer runs for geochemical analysis,
Geophysical logs were run from a depth of 1487 ft
(453.35 m) to the ground surface using gamma-ray,
dual-induction, compensated-density, COmpen-
sated epithermai-neutron, dielectric-propagation,
and oriented-caliper tools.

The SD-9 drill hole was reamed to a diameter
of 8-1/2 inches to a depth of 1487.6 ft (453.54 m)
between July 26 to August 16, and 7-inch casing
was placed in the borehole to prevent further
inflows of perched water. Coring resumed on
August 29, and the regional water table was
encountered at 1877 ft (572.26 m) on September
10. A string of 4.5-inch casing was set to a depth of
1907 ft (581.40 m) to protect the unsaturated zone
from contamination, and coring resumed using HX
equipment (2.4-inch core). The hole was reached
total depth at 2223.1 ft (677.77 m) on September
26, 1994. As of January 1996, no geophysical fogs
had been obtained from this lower portion of the
SD-9 drill hole.

Method of Study
Geologic Logging and Core Description

Geologic logging and description of drill core
is principally an interpretive activity. As such, the
resulting geologic log is dependent upon the skill
and experience of the individual performing the
examination. The logging procedure used to
describe core from drill hole USW SD-9 and other
holes of the Systematic Drilling Program empha-
sizes physical description in an attempt to elimi-
nate partially dependence on stratigraphic
nomenclature that may change over time (compare
Scott and Bonk, 1984; Buesch and others, 1996). A
standardized geologic log form is used to record
observations of lithology, composition, alteration,
structure, and similar features, and of changes in
those multiple characteristics with depth. The
observations are thus effectively independent of
the names applied to units of similar or contrasting
character.

Interpretative geologic logging and core
description consists of observing the rock in its-
intact, relatively undisturbed state. Core was laid
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out in continuous profile on examination tables at
the Yucca Mountain Project Sample Management
Facility. A graphical geologic log was prepared at a
scale of 1:120 (one inch equals 10 feet) after mac-
roscopic visual examination using a hand lens, bin-
ocular microscope, videotaped images and
photographs of core intervals previously removed
for laboratory measurement of selected material
properties. The geologic log includes description
of:

* contacts between geologic units

* degree of welding

* degree of devitrification

*  size, type, and abundance of pumice

*  size, type, and abundance of lithic clasts

*  size, type, and abundance of phenocrysts

*  size, type, and abundance of lithophysal

cavities
*  type, nature, and degree of alteration
*  presence or absence of bedding or other
depositional features

* fault zones or shear zones

*  joints or fractures and fracture frequency

*  percent core recovery

*  RQD (rock quality designation)

Rock color descriptions follow the naming conven-
tions prescribed in the rock-color chart published by
the Geological Society of America (1 991).

Laboratory Material Properties

A limited suite of framework material proper-
ties were measured in the laboratory for core sam-
ples taken from the USW SD-9 drill hole.
Adjoining core samples were preserved at the drill-
ing rig in sealed steel cans and plastic Lexan™ tub-
ing. In-situ water contents were determined by
gravimetry from the canned samples. Porosity,
bulk density and particle density also were deter-
mined by gravimetry for the canned samples using
Archimedes’ principle. Initial water content and
porosity were used to determine approximate in-
situ saturations. Machined core plugs were cut
from the larger samples preserved in Lexan™ and
used to determine saturated hydraulic conductivity
using Darcy’s law relating water flow and pressure
drop; the corresponding porosity values for these
plugs were also determined. The laboratory prop-
erty determinations were a collaborative effort of

Sandia National Laboratories and the U.S. Geolog-
ical Survey, Hydrologic Research Facility (USGS,
1991a),

Geology of Drill Hole USW SD-9

Overview

Drill hole USW SD-9 is located on a small
divide between two washes draining the eastern
slope of Yucca Mountain (fig. 3); this topographic
position places the hole low within the Tiva Can-
yon stratigraphic section. Only the lowermost 38.7
ft of the Tiva Canyon Tuff, consisting of the lower
nonlithophysal and the lower vitric zZones, was
encountered in the drill hole. A summary of geo-
logic unit contacts is presented in table 3. Detailed
lithologic descriptions for the rocks encountered in
drill hole USW SD-9 are presented in Appendix A,
and the corresponding, detailed geologic log sheets
are in Appendix B.

The core begins in the Tiva Canyon Tuff with
light-tan-gray, two-foot interval containing dark,
vitric, pumice clasts and representing the fower
part of the columnar subzone of the lower nonlitho-
physal zone. This unit is bounded below byal-l/
2-inch-wide, low-angle fault filled with sandy clay
gouge. Below this fault is 9.3 ft (2.84 m) of mostly
nonwelded material belonging to the two lower vit-
ric zones of the Tiva Canyon. Approximately ten ft
(3 m) of section appears to have been cut out by the
fault, but the actual amount of movement along the
fault is unknown. The lower vitrophyre of the Tiva
Canyon Tuff (Tpcpv3) is not present, and the gra-
dationally less welded sequence beneath the fault
represents what has also been termed the “shardy

‘base” of the Tiva Canyon Tuff (Istok and others,

1994). A sequence of essentially nonwelded units
underlies the Tiva Canyon Tuff section. Named
units include the Yucca Mountain Tuff and Pah
Canyon Tuff, each of which is separated from its
neighbors by “bedded tuff” units of mixed lithol-

ogy.

The Topopah Spring Tuff section, which
underlies the nonwelded units, has a total thickness
of 1211.5 ft (369.25 m). The top of the upper non-
welded zone (Tptrv3) has been located at 252.6 ft
(77.01 m). Welding increases markedly at the
upper contact of the “caprock™ vitrophyre {TptrvI).
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Table 3: Stratigraphic Unit Upper Contacts and Unit Thicknesses for the USW SD-9 Drill Hole
[All values in feet. Geologic names from nomenclature of Buesch and others (1996). Stratigraphic compendium, version of
September 1995, Leaders (--): no difference in depth to contact; n/a: contact not included in stratigraphic compendium]

Depth to Apparent | Depth from
Unit Abbreviation Upper thickness | Stratigraphic
contact (ft) Compendium
Tiva Canyon Tuff (Tpc) — 38.7 ft thick"
Crystal-poor lower nonlithophysal zone Tpcplnc 53.6! 2.12 30.0
Crystal-poor vitric zone Tpcpv 55.7 36.6 57.2
moderately welded subzone Tpcpv2 55.7 9.32 572
nonwelded subzone Tpcpvl 65.0 273 61.0°
Pre-Tiva Canyon bedded tuff Tpcbt4 923 3.6 924
Yucca Mountain Tuff (Tpy) — 45.0 ft thick Tpy 95.9 45.0 --
Slightly welded zone -- 121.7-133.7 12.0 n/a
Pre-Yucca Mountain bedded tuff Tpbt3 140.9 16.82 140.8
Pah Canyon Tuff (Tpp) — 69.4 ft thick Tpp 157.7 69.4 156.5
Pre-Pah Canyon bedded tuff Tpbt2 227.1 255 226.6
Topopah Spring Tuff (Tpt) — 1211.50 ft thick Tpt
Crystal-rich vitric zone Tptrv 252.6 19.5 255.6
nonwelded subzone Tptrv3 252.6 154 255.6
moderately welded subzone Tptrv2 266.1 25 266.7
“caprock vitrophyre” subzone Tptrvl 268.6 4.1 268.53
Crystal-rich nonlithophysal zone Tptrn 272.1 167.1 272.2
Crystal-rich lithophysal zone Tptrl 439.2 --
Crystal transition interval -- 448.2-485.2 370 n/a
Compositional transition -- 454.7-468.6 139 n/a
Crystal-poor upper lithophysal zone Tptpul 485.2 289.6 48423
Crystal-poor middle nonlithophysal zone Tptpmn 728.8 117.0 736.8
lithophysae-bearing subzone Tptpmn2 788.1-812.5 244 n/a
Crystal-poor lower lithophysal zone Tptpll 845.8 341.2 --
Crystal-poor lower nonlithophysal zone Tptpln 1187.0 178.0 1185.83
Crystal-poor vitric zone Tptpv 1365.0 99.1 -~
lower vitrophyre subzone Tptpv3 1365.0 53.7 --
moderately welded subzone Tptpv2 1418.7 26.3 1418.43
nonwelded subzone Tptpvl 1445.0 19.0 1425.7
Pre-Topopah Spring bedded tuff Tpbtl 1464.1 15.8 1464.1
Calico Hills Formation (Tac) — 340.8 ft thick
unit 3 Tac3 1479.9 106.2 1479.9
unit 2 Tac2 1586.1 151.4 n/a
unit 1 Tacl 1737.5 26.9 n/a
bedded tuff Tacbt 1764.4 39.0 1764.4
tuffaceous sandstone Tacbs 1803.4 17.3 n/a
Prow Pass tuff (Tep) — 402.4 ft thick! %
unit 4 Tep4d 1820.7 48.0 1820.7 &
unit 3 Tep3 1868.7 147.12 n/a
unit 2 Tep2 2015.8 79.5 n/a
unit 1 Tepl 2095.31 127.8! n/a

! entire unit not penetrated; partial thickness only
2 may not be true thickness because of faulting
3 markedly gradational contact subject to interpretation
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Devitrification begins at 272.1 ft (82.96 m), defin-
ing the contact of the vitrophyre with the underly-
ing upper nonlithophysal zone. The upper portion
of the section is weakly, but progressively more
lithophysal down to the upper contact of the upper
lithophysal zone at 439.2 ft (133.90 m).T A compo-
sitional-transition interval has been described
approximately 200 ft (60 m) below the top of the
unit where the Topopah Spring changes gradation-
ally from quartz latite to rhyolite. This composi-
tional-transitional interval is 13.9 ft (4.24 m) thick
and was observed between 454.7 and 468.6 ft
(138.59-142.82 m). A somewhat overlapping tran-
sition interval, involving principally the abundance
of phenocrysts, as been identified as a “crystal-
transition” interval from about 448.2 to 485.2 ft
(136.60-147.88 m). The base of this crystal-transi-
tion interval essentially corresponds to the contact
between the lower crystal-poor member and the
overlying crystal-rich members of the Topopah
Spring Tuff described by Buesch and others
(1996). There is, however, no apparent physical or
depositional break associated with this “contact.”

Very large lithophysae within the upper litho-
physal zone are represented in the core as broken
zones or unrecovered intervals, and these large
lithophysal cavities are visible in the downhole
video logs beginning at a depth of 441.5 ft (134.60
m). Although the number of smaller lithophysae
diminishes beginning at 655.0 ft (199.70 m), iso-
lated large lithophysal cavities are visible in video-
camera logs down to about 760 ft (231.71 m),
which is well into the middle nonlithophysal zone.
The middle nonlithophysal zone is defined
between depths of 728.8 and 845.8 ft (222.20-
257.87 m). A “lithophysal-bearing subzone” is
identified within the middle nonlithophysal zone
from 788.1 to 812.5 ft (240.27 to 247.71 m). In
contrast to the upper part of the middle nonlitho-
physal zone, the lower 33 ft (10.06 m) of this unit

*Note: The issue of distinguishing lithophysal and nonlitho-
physal zones is complex and represents a long-standing issue
of some contention within the Yucca Mountain Project ever
since Ortiz and others (1985) used the abundance of lithophy-
sae as a criterion for distinguishing subunits of the Topopah
Spring Tuff; see see “Thermal/Mechanical Units” beginning
on page 11. A brief discussion of the criteria used to separate
informally named lithophysal zones from other lithophysae-
bearing units is presented beginning on page 12.

is relatively intact and exhibits a dense, compact,
highly silicified (altered) texture.

The lower lithophysal zone was encountered at
a depth of 845.8 ft (257.87 m), and large-diameter
lithophysal cavities, intense fracturing, and numer-
ous unrecovered zones were encountered begin-
ning at about 860 ft (262.20 m). The large
lithophysae continue well below the lower limit of
the lower lithophysal zone at 1187.0 ft (361.78 m),
extending almost to the depth of the lower vitro-

.phyre. Intervals containing large, angular, rhyolite

lithic fragments with clasts to 60.0 mm diameter
are found at a number of depths from 1031.0 ft
(314.33 m) to 1267.8 ft (386.52 m). A lithic zone
containing 4-5 percent fragments of mixed quartz
latite and rhyolite composition is present from
1267.8 ft to 1442.2 ft (439.70 m).

The top of the lower vitrophyre occurs at a
depth of 1418.7 ft (432.53 m) and the unitis 53.7 ft
(16.37 m) thick. Below the lower vitrophyre, the
moderately-to-partially welded vitric zone contains
a lithic-rich interval from 1431.5 to 1442.2 ft
(436.43 to 439.70 m) Zeolitized pumice and very
weakly altered shard boundaries indicate incipient
zeolitization beginning at a depth of 1442.2 ft
(439.70 m). A 3.8-ft (1.16 m) thick, pink, zeoli-
tized interval from 1432.8 to 1436.6 ft (436.83 to
437.99 m), within the lithic-rich interval, may rep-
resent a large zeolitic block derived from deeper
stratigraphic units. The basal nonwelded zone
extends from 1445.0 to 1464.1 ft (440.55 to 446.37
m). The Topopah Spring Tuff is underlain by 15.8
ft (4.82 m) of bedded tuff.

The Calico Hills Formation was encountered at
a depth of 1479.9 ft (451.05 m) and the unit is
340.8 ft (103.87 m) thick. The Calico Hills in this
drill hole has been subdivided into three ash-flow
tuff units, a reworked bedded tuff unit, and a basal
tuffaceous sandstone, following the usage of
Moyer and Geslin (1995). The unit is essentially
entirely zeolitic. Numerous intervals of prominent
red-brown rhyolitic lithic fragments are typical
within the ash-flow deposits of Calico Hills.

The Calico Hills Formation is underlain by the
Prow Pass Tuff, beginning at a depth of 1820.7 ft
(554.92 m). This unit is subdivided into four ash-
flow tuff units (Moyer and Geslin, 1995) that are a
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minimum of 402.4 ft (122.65 m) thick in SD-9.
This observed thickness is not adjusted for the
unknown effects of a minor fault observed in ash-
flow unit 3. Drill hole USW SD-9 did not reach the
base of ash-flow unit 1.

Thermal/Mechanical Units

A somewhat formalized thermal, mechanical,
and hydrologic stratigraphy was defined originally
by Ortiz and others (1985), based upon preliminary
‘concepts put forward by Lappin and others (1982).
The concept was to define coherent rock units for
design and performance analyses based on rock
properties, rather than on more classical geologic
criteria. According to the original citation, “Two
properties used to differentiate units are porosity
and grain density” (p. 8). Further reading of the
Ortiz reference indicates that this subdivision
based on porosity and grain density translates to a
first order subdivision between welded and non-
welded materials, with additional subdivisions
determined by whether the rocks are still vitric, or
whether they have been altered either to a devitrifi-
cation mineral assemblage or to zeolites. The so-
called thermal/mechanical units were correlated in
table 1 of Ortiz and others with the more conven-
tional geologic stratigraphy then in use; this corre-
lation is essentially reproduced intact in table 1 of
this report. The thermal/mechanical units, as origi-
nally described, also subdivided the Topopah
Spring welded interval into a lithophysae-rich

upper portion in contrast with the lower part, which
was presumed to be relatively poor in lithophysae
(p- 11). In fact, the distribution of lithophysal alter-
ation and lithophysal cavities is more complex than
was recognized by Ortiz and her coworkers.

It is important to note that the major changes in
material properties recognized as the basis for sub-
dividing the volcanic section at Yucca Mountain by
Ortiz and others do not correspond to the boundary
of the geologic units, which are identified princi-
pally by major breaks and changes in the genetic
process that produced the rocks of the southwest-
ern Nevada volcanic field. The descriptive but
unfortunate use by Ortiz and her coworkers of the
conventional geologic names as the “base” for the
thermal/mechanical unit names can cause confu-
sion if the critical distinction between property-
based and process-based nomenclature is not fully
understood. Nevertheless, this physical-property
subdivision that aggregates materials that behave
in a similar manner has proven to be an enduring
feature of the Yucca Mountain Project.

Table 4 presents the thermal/mechanical units
identified from the SD-9 drill core. In keeping with
Ortiz and others (1985), who presented a series of
surfaces representing the bottom of each thermal/
mechanical unit, table 4 gives the depths to each
basal contact as well as the apparent thickness of
each unit.

Table 4: Basal Contacts and Thicknesses of Thermal/Mechanical Units
[Definitions of thermal/mechanical units from Ortiz and others (1985), p. 11-12]

Lower Apparent
Unit Contact Thickness
(ft) )
TCw:  Tiva Canyon welded 55.7 -
PTn:  Paintbrush nonwelded 268.0 2123
TSwl: Topopah Spring welded, “lithophysae rich” 728.8 460.8
TSw2: Topopah Spring welded, “lithophysae poor” 1365.0 636.2
TSw3: Topopah Spring welded, vitrophyre 1418.7 53.7
CHnl: Calico Hills nonwelded—lower nonwelded part of 1764.4 345.7
Topopah Spring Tuff plus ash-flow tuffs of Calico
Hills Formation
CHn2: Calico Hills nonwelded—basal reworked zone and 1820.7 56.3
“bedded tuffs” of Calico Hills Formation
CHn3: “Calico Hills” nonwelded—upper nonwelded ash- 1910! ®9.3

flow tuffs of the Prow Pass Tuff
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Table 4: Basal Contacts and Thicknesses of Thermal/Mechanical Units (Continued)
[Definitions of thermal/mechanical units from Ortiz and others (1985), p. 11-12]

Lower Apparent
Unit Contact Thickness
() (ft)
PPw:  Prow Pass welded—welded ash-flow tuffs of the 20124 102.4
Prow Pass Tuff
CFUn  Upper Crater Flat nonwelded—lower nonwelded (2223.1)% --

ash-flow tuffs of the Prow Pass Tuff

! Gradational contact; exaction location somewhat uncertain
2 Total depth of drill hole; lower contact not penetrated

Structural Geology of SD-9

Three faults were observed in the SD-9 core.
The uppermost of these faults is found at a depth of

55.7 ft (16.98 m), and it separates the columnar -

subzone of the Tiva Canyon Tuff, lower nonlitho-
physal zone, from the shardy-base subzone. This
structure is a very low-angle fault (essentially nor-
mal to the core axis) containing approximately a 1-
to 1.5-inch thick (3.9-5.9 mm) mixture of sandy
and clayey gouge. The base of the columnar sec-
tion is intensely fractured and these fractures are
filled with cemented, milled fragments of the
underlying shardy-base vitric interval. Strati-
graphic offset is estimated to be no more than
about 10 ft (3 m); however, to achieve this amount
of stratigraphic offset on a displacement surface
nearly parallel to depositional layering logically
requires a significant amount of structural move-
ment.

A second fault occurs within the slightly
welded zone of the Yucca Mountain Tuff at a depth
of 122.1 ft (37.23 m). About two inches (0.05 m) of
soft clay gouge was found in this low-angle fault,
although no indication of relative movement was
apparent. No estimate of the offset along this fault
is possible. Using analogy with the fault identified
higher in the borehole at 55.7 ft, the similar-to-
slightly thicker interval of recovered fault gouge
suggests that stratigraphic offset may be roughly
comparable (approximately 10 ft, 3 m), even
though no offset marker horizons or thinned strati-
graphic zones are present to provide direct evi-
dence of offset. Achieving 10 ft of stratigraphic
offset along a flat-lying fault suggests much larger
structural displacement, however.

A third fault was identified within the Prow
Pass Tuff at a depth of 1991.0 ft (607.01 m). This is
also a low-angle fault (bounding surfaces at
approximately 70-75° to the core axis), which is
represented by about 2-1/2 inches (67 cm) of plas-
tic, clay-rich gouge. This fault is estimated to
exhibit approximately 62.7 ft (19.12 m) of strati-
graphic displacement. The amount of structural
movement on this relatively low-angle fault
unquestionably is much greater.

Lithophysal Zones

The definition of lithophysal zones within the
welded tuffs at Yucca Mountain is a complex prob-
lem that has a long history on the Yucca Mountain
Project. The issue involves distinguishing (infor-
mally) named “lithophysal zones” from other inter-
vals that may contain lithophysae. In logging and
describing other recent core obtained from Yucca
Mountain, T. C. Moyer (Science Applications
International Corporation/U.S. Geological Survey,
personal communication, 1994) originally indi-
cated that lithophysal zones were to be defined
simply based on “the presence of lithophysae.”
Ortiz and others (1985, p. 11) cited a threshold
value of “approximately 10% by volume litho-
physal cavities” as the criterion for separating their
“lithophysae-rich” (TSw1) and “lithophysae-poor”
(TSw2) subunits of the Topopah Spring welded
tuff. Buesch and others (1996) present a more spe-
cific description of criteria for the identification of
specifically named lithophysal zones (page 18;
quoted almost in its entirety):

Lithophysal zones occur where vapor concen-
trates in the densely welded parts of ignimbrites
[ash-flow tuffs] to form lithophysal cavities (Ross
and Smith, 1961).... Lithophysae consist of a cavity,
which is commonly coated with vapor-phase miner-
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als on the inner wall of the cavity, a fine-grained
rim surrounding the cavity wall, and a thin very
fine-grained border... Many lithophysae in the Tiva
Canyon and Topopah Spring Tuffs have light-gray
(N8) to grayish-orange pink (10R8/2) rims of
microscopic to barely macroscopic elongate crys-
tals that radiate from the walls of the lithophysae
into the surrounding groundmass. These rims are
up to 3-cm wide. Locally, rims have I- to 3-mm-
wide, grayish red-purple (5YR4/2) borders. Associ-
ated with the lithophysae are light-gray (N8) to
grayish-orange pink (10R8/2) spots 1- to 5-cm in
diameter. Some spots may represent the cross sec-
tions of rims on lithophysae, whereas others have a
crystal or lithic clast in the core that could have
acted as a nucleation site. There is no genetic inter-
pretation for the spots; however, they are character-
istic for some lithophysal zones. Lithophysal zones
in the Tiva Canyon and Topopah Spring Tuffs are
identified by a combined occurrence of lithophy-
sae and spots [emphasis added]. The shape of the
lithophysae and spots and width of the rims on the
lithophysae can also be diagnostic of specific
zones. Locally surface exposures contain lithophy-
sae with diameters of up to I m; thus regions of
poor core recovery might indicate large lithophy-
sae [emphasis added].

Vapor-phase altered rocks containing abun-
dant (greater than 10 percent) lithophysae, with or
without significant open-space cavities, are readily
recognized and are easily assigned to discrete litho-
physal zones. The real complication appears to be
the recognition and treatment of lithophysal-style
alteration associated with cavities that are too large
to be recognized directly in the core (and by exten-
sion, recognition of the mere presence of lithophy-
sae). Where very large lithophysae are penetrated
by the drill string, the thin, brittle septae of rock
dividing the cavities typically are shattered by the
force of the rotating drill bit; this logically results
in intervals of rubble and unrecovered core (cavity
plus rubble blown away from the bit face into other
parts of the cavity). Diagnostic, remnant vapor-
phase alteration rims and distinctive cavity-coating
minerals frequently can be identified in the recov-
" ered rubble fragments. The question essentially
reduces to whether or not an interval exhibiting
these very large lithophysal cavities, but without
significant quantities of the small-scale lithophysae
or vapor-phase-altered spots, can be classified as a
“lithophysal zone.”

Descriptions of the SD-9 drill core for this
report use multiple criteria derived from the
description of lithophysal zones presented by Bue-
sch and others (quotation above). In keeping with
the logging philosophy presented in the section on
core description beginning on page 7, the principal
emphasis of the Systematic Drilling Program has
been placed on objective description of the core
and associated down-hole video imagery (particu-
larly that presented in the foot-by-foot lithologic
log contained in Appendix B). Association of unit
names with these descriptions is distinctly second-
ary. Generally, named “lithophysal zones” identi-
fied in this report contain rocks exhibiting small
(mesoscale) lithophysae and/or “spots,” and whose
matrix is grayish red-purple in color. This type of
material typically is associated with vapor-phase
alteration of varying, but relatively strong, inten-
sity immediately adjacent to observable lithophy-
sae. The matrix of rocks from named
nonlithophysal zones is typically more brownish or
orangish in color; note that description of rock col-
ors is somewhat subjective, even when using stan-
dard rock-color charts. The finer-scale texture of
the rock between lithophysal cavities in lithophysal
zones is typically stretched and foliated, as if dis-
torted by the inflating lithophysal cavities. Fractur-
ing within named lithophysal zones is generally
distinctive as well; fractures tend to be shorter and
more irregular in form, and to exhibit rougher sur-
faces than those encountered outside the named
lithophysal zones. Unquestionably, some of the
names assigned in this report are somewhat in con-
flict with the description of the corresponding
interval. The descriptions should take precedence,
as these do reflect local heterogeneities in the tuff
mass.

Drill hole USW SD-9 was collared below the
lithophysal intervals of the Tiva Canyon Tuff.
Within the Topopah Spring Tuff, prominent litho-
physal alteration associated with the crystal-rich
and crystal-poor upper lithophysal zones begins at
436 ft (132.93 m), approximately 164 ft (50 m)
below the caprock vitrophyre (see log sheet 7,
Appendix B). Lithophysae increase rapidly in both
abundance and size by a depth of 441.5 ft (134.60
m), as does the incidence of intervals of broken and
unrecovered core. Many intervals of “lost” core are
attributed to void space representing large litho-
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physae that are several core-diameters across. The
highly broken nature of much “core” recovered
from lithophysal zones is attributed to disintegra-
tion of the vuggy tuff during drilling.

Lithophysal cavity development decreases sig-
nificantly beginning at a depth of approximately
630 ft (192.07 m; log sheets 9-10, Appendix B);
the middle nonlithophysal zone is distinguished
beginning at 728.8 ft (222.20 m; log sheet 11).
Although lithophysae were not observed in the
core, broken and unrecovered zones continue to
occur through the middle nonlithophysal zone con-
firming the presence of large diameter lithophysae
that are visible in the down-hole video. A 24-foot
(8-m)-thick “lithophysae-bearing subzone” of the
middle nonlithophysal zone (table 2), identified
from 788.1 to 812.5 ft (240.27 to 247.71 m) depth
(log sheet 13), also represents an interval of promi-
nent large lithophysal cavity development. Only
the lower 33.3-ft (10.15-m)-thick portion of the
middle nonlithophysal zone appears to be devoid
of large lithophysae (log sheet 12).

The lower lithophysal zone of the Topopah
Spring Tuff was encountered at a depth of 845.8 ft
(257.87 m; log sheet 13). In addition to lithophysae
visible in the core, the material recovered from this
unit also includes broken and unrecovered zones
that appear to correspond to large (many centime-
ter) lithophysal cavities in visible in downhole
video logs. No lithophysae are visible in the recov-
ered core material from 899 to 962.6 ft (274.09 to
293.48 m; log sheets 13-14), although fragments
of altered lithophysal rims, broken zones, unrecov-
ered intervals and large lithophysae visible in the
borehole video attest to their presence. Smaller
lithophysae reappear in the core from 962.6 to 980
ft (293.48 to 298.78 m; log sheets 14—15), although
the frequency of these features appears to decrease
below about 980 ft. Small, well-formed lithophy-
sae reappear in the core at a depth of 1060 ft
(323.17 m); broken core and unrecovered intervals
are more common below 1060 ft as well (log sheet
16). Both recovered lithophysae and these two
indirect indicators of large lithophysal cavities
increase in intensity to a depth of about 1110 ft
(338.41 m). Below the depth of 1110 ft, the inten-
sity of lithophysal-style alteration progressively
decreases to a contact with the lower nonlitho-

physal (or “mottled” zone of Scott and Bonk,
1984), drawn somewhat arbitrarily at 1187 ft
(361.89 m; log sheet 17). Indicators of large litho-
physae are present, albeit less frequently, through-
out of the lower Topopah Spring section (log sheets
18-20) to a depth of approximately 1354 ft (412.80
m); the top of the basal vitrophyre occurs at a depth
of 1365 ft (416.16 m).

Rock Quality Considerations
Core Recovery

Percent core recovery was determined at the
drill rig by Yucca Mountain Project drilling support
staff during the coring of hole USW SD-9. Record-
ing core recovery information is a relatively
mechanical process and follows a set procedure.
Core recovery data are presented in Appendix C,
Table C-1; this information is also presented graph-
ically in summary form in figure 4. Core recovery
information is presented in more detail on the geo-
logic log sheets of Appendix B, which allows
inference of possible lithologic controls of lost core
and as means of qualifying the reliability of the
associated lithologic descriptions. Note the associ-
ation of lower core-recovery values with the graph-
ically portrayed abundance and size of lithophysal
cavities on the log sheets; see also figure 4.
Description of intervals with exceptionally poor
core recovery requires a subjective “reading” of
multiple lines of indirect evidence.

A generalized summary of the procedure used
to determine core recovery is as follows.

1) The core is laid out in an appropriate manner.
Broken segments are fitted back together as
well as possible to represent in-situ
dimensions. Rubble is reaggregated to
continuous piles of approximately the core
diameter.

2) The start and stop depths of the core run are
identified from information provided by the
driller and the length of the core run is
determined.

3) The total length of core recovered from a given
run is measured using a steel tape measure and
the footage is recorded.

4) Recovery is computed as the percentage of
material actually recovered from that interval.
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Core recovery data are only estimates. The
accuracy of these estimates in reflecting the actual
recovery for a core run can be quite precise for
intervals of generally good recovery of essentially
intact core. Accuracy diminishes markedly as the
integrity of the core decreases, because loose rub-
ble recovered in the core barrel must be approxi-
mated back to in-situ dimensions prior to
measurement. '

A summary of the core-recovery information is
presented graphically in figure 4(a). Generally,
core recovery correlates fairly well with rock type.
Nonwelded intervals, such as those in the upper
part of the hole above approximately 280 ft (85 m)
and in the lower third of the hole below about 1450
ft (440 m), core well and yield near 100-percent
recovery. Local exceptions, such as that at 200 ft
(60 m), involve completely unlithified and
reworked “bedded tuff” deposits that lack mean-
ingful cohesion. Zeolitic rocks, present in the bot-
tom one-third of the SD-9 drill hole, generally
yield 100-percent recoveries as well. The densely
welded tuffs of the main part of the Topopah
Spring are brittle, highly fractured, and conse-
quently yield relatively low recoveries. Nonlitho-
physal units appear to produce better recoveries
than the lithophysal intervals. Comparison of the
core runs from about 700 to 885 ft (213 to 270 m)
with those immediately above and below demon-
strates that some of the low core recoveries
observed in the two main lithophysal zones of the
Topopah Spring Tuff may be explained partially by
the presence of the very large lithophysal cavities
observed in down-hole video logs. In addition to
producing rock rubble that may be lost during cor-
ing operations when the drill hole penetrates the
weak, poorly supported margins of the cavities, the
cumulative void space encountered by the drill
hole may constitute a non-trivial fraction of certain
intervals. Note also that the presence of these large
lithophysal cavities is not limited to the more
strictly defined “lithophysal zones” of Buesch and
others (1996). This is particularly true for the lower
nonlithophysal (Tptpln) interval. Note the marked
differences in core recovery values between
approximately 1200-1350 ft and 1350-1400 ft in
figure 4(a). The deepest described large lithophysal
cavity was encountered at a depth of 1354 ft
(Appendix B, log sheet 20).

RQD (Rock Quality Designation)

Measurement of RQD is also a relative
mechanical process, and it is usually performed as
an adjunct to measurement of core recovery. Like
core recovery, RQD has been defined on a per-run
basis for each drilling interval (Deere and
Deere,1989). RQD is generally also reported on the
basis of a standardized interval, typically 10 feet
(approximately 3 m). The use of a standard-length
measurement interval reduces the occurrence of
interspersed, wildly erratic RQD values that may
be associated with numerous very short core runs
(particularly in broken rock).

The procedure for determining RQD data is as
follows.

1) The core is laid out in an appropriate manner
as for core-recovery measurements.

2) The length of the core run is determined as for
core-recovery measurements.

3) The cumulative footage of intact, whole core

segments of sound rock longer than 4 inches
- (100 mm) as measured along the centerline of

the core is measured using a steel tape
measure. Ends that result from diagonal
fracturing of the rock mass are excluded from
the measurement (fig. 5). There are two
alternatives for the treatment of fractures:

(a) all extant fractures are considered as
breaks in the core, regardless of whether or
not the fractures appear to be natural or
drilling induced; or

(b) only natural fractures are considered to be
breaks in the core.

4) The cumulative footage thus measured is
converted to a percentage of the drilling
interval and recorded to the nearest percent.

The originator of the RQD measurement sys-
tem (Deere, 1963; see also Deere and Deere, 1989,
p. 15, 43) recommended that only natural breaks in
the core be considered. Deere and Deere explicitly
state that breaks that are obviously an artificial
result of the drilling and/or core-handling process
are to be discounted in the determination of “bro-
ken” core. Criteria for identifying “natural” frac-
tures may include: fracture in-filling or
mineralization; obvious non-matching sides; the
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Figure 5. Conceptual sketch for measuring the length of “intact” core segments for RQD determinations.
Segments must be longer than 4 inches (100 mm) to count toward RQD. Ends, “ears,” and other segments less
than 4 inches in length are not included in the length measurement.

presence of gouge, slickensides, or other structures
suggestive of relative movement; and potentially
other site-specific features. Criteria for induced
fractures include: actual observation of core break-
age during handling; absence of any fracture-filling
material other than drilling mud; clean, sharp edges
that fit tightly together, and breaks at 90° to the
core axis. If the origin of a particular break is in
doubt, their procedure is to count it as a natural
break, which would produce an RQD value that is
conservative from a rock-stability standpoint. If all
fractures are considered breaks in the core, the
value that results is referred to in this report as
“raw RQD.” If induced fractures are discounted,
the value is referred to as “enhanced RQD” or
“Deere RQD.”

The requirement for “sound rock” is also sub-
jective, but it is intended (Deere and Deere, 1989,
p. 16) to exclude intervals of altered, weathered, or
otherwise unstable material that might conceivably
be recovered “intact” (not fractured or broken). If
the soundness of a particular core segment that
would otherwise qualify is in doubt, it is excluded
from the cumulative-length measurement for RQD
determination. The intent is to be conservative
from a design standpoint of estimating ground sta-
bility. In practice, such subjective decisions involv-
ing Yucca Mountain core are not an issue, as the
type of alteration that typically produces “soft” yet
intact core is virtually unknown from the upper
portion of the volcanic section.

Measured RQD data for the individual core
runs of drill hole USW SD-9 are given in Appendix
D, table D-1. The 10-ft composite (averaged) RQD

values are in table D-2. Both raw and enhanced
RQD values are presented in the tables. RQD val-
ues for the SD-9 drill hole are shown in graphical
form in figure 4, parts (b), (c), and (d). RQD values
are also included graphically on the detailed geo-
logic log sheets in Appendix B for comparison
with the geologic description.

Note that there two sources of RQD data and
RQD composites. The data in table D-1 and the
columns in table D-2 that are headed “Drilling
Support” are based on actual physical measure-
ment of the core by drilling support staff at the time
of recovery of the core from the hole. The values in
the columns of table D-2 that are headed “Study
8.3.1.14.2” are based on office interpretation of
video images of the core that were filmed immedi-
ately upon opening of the core barrel in the field.
The field-measured values benefit from direct
physical observation of the core, including exami-
nation of actual fracture surfaces for the presence
of mineralization and other phenomena that may
bear on the issue of natural versus induced. How-
ever, the logistics of sampling the core at the rig
site and preserving those samples in near-in-situ
hydrologic conditions limits the time that can be
spent examining a core run to a few minutes. The
video-based RQD measurements, which were actu-
ally obtained as part of SCP Study 8.3.1.14.2 (Soil
and Rock Properties of Potential Locations of Sur-
face Facilities; USGS, 1991b), are not subject to
this time limitation; however, these data are limited
by the inability to examine the core itself physi-
cally. The values portrayed on the detailed geologic
log of drill hole SD-9 (Appendix B) are the 10-foot
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composite, field-measured, enhanced (Deere) RQD
values from table D-2 (column 3)..

A confounding factor for the SD-9 drill hole is
that drilling support staff did not record the raw
piece-length measurements for the upper part of
the hole. The procedure controlling this work at
that time provided only for recording of adjusted
piece length, corresponding to enhanced or original
RQD as defined by Deere and Deere (1989). A
revised procedure for recording both measure-
ments became effective with core run number 163
(table D-1) beginning at a depth of 1124.4 ft
(342.70 m). Video-based RQD values were not
obtained below 1340 ft (408 m) because these val-
ues were developed specifically for use in design
of the Exploratory Studies Facility. The deeper part
of the drill hole is below this zone of short-term
engineering interest.

Examination of figure 4 indicates that the dif-
-ferences among the various RQD values are rela-
tively insignificant in light of the fact that RQD is a
rough, preliminary estimate of rock mass integrity.
Design decisions for ground support of under-
ground openings, such as the Exploratory Studies
Facility or a potential repository, are generally
based on large categorical groupings of RQD val-
ues (table 5).

Table 5: RQD and Rock-Quality Descriptors
[after Deere and Deere (1989)]

RQD Description
90-100 Excellent
75-90 Good
50-75 Fair
25-50 Poor

0-25 Very poor

As anticipated, the core-run RQD values are
noticeably more variable than the ten-foot compos-
ites. For these composite values, the enhanced or
Deere RQD values are logically lower than the raw
values, for which the impact of drilling and sample
handling have not been discounted. Note that in
some intervals, such as from 300 to 700 ft [90-210
m; figure 4(d)], the effect of ostensibly coring-

induced fractures may be rather significant. Gener-
ally, the integrity of the thick welded Topopah
Spring interval (250 to 1460 ft; 77 to 446 m) is
rather poor by any measure. The presence of litho-
physal cavities and of brittle, fractured, welded
materials produces low values of RQD. Typically
the nonlithophysal zones (270-440, 730-845, and
11907-1420 ft) exhibit higher values than do the
lithophysal zones (440-729, 846-1187 ft). Rock
quality is markedly higher in the largely non-
welded intervals above about 280 ft (85 m) and
below 1420 ft (433 m).

Measured Lithophysal Cavity Information

Quantitative information regarding the abun-
dance of the smaller lithophysal cavities (as dis-
tinct from the abundance of lithophysae and of
large cavities) is reported in Appendix E, table E-1.
This data is also summarized graphically in figure
6(a). Core-recovery information from figure 4(a) is
repeated in figure 6 for comparison purposes.

The data contained in table E-1 were obtained
by comparing the surface area of the core and core-
video images occupied by actual cavities with stan-
dard charts for estimating mineral percentages in
thin sections. Lithophysal cavities larger than the
core diameter, or which were sufficiently large that
the core was rubblized during the drilling process
are not included in these estimates. As suggested
by one of the emphasized statements in the Buesch
and others quotation (see page 12), the presence of
broken and unrecovered intervals has been found
to be associated with what appear to be large-diam-
eter lithophysal cavities in down-hole video
images. Recovered rubble containing fragments of
vapor-phase altered rock and open-space crystal-
line material (cavity linings of Buesch and others)
confirms this remote-sensing interpretation. Note
that the down-hole video images suggest that such
large lithophysal cavities may be quite abundant
locally: compare for example the core recovery
data or RQD data (from fig. 4) with the down-hole
distribution of lithophysal cavities in figure 6.

Because of the difficulty of obtaining rigor-
ously quantitative information on the fraction of
large (greater-than-core-diameter) lithophysal cavi-
ties from the down-hole video imagery, a surrogate
quantitative measure potentially indicative of these
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Figure 6. Graph showing (a) abundance of small

lithophysal cavities, (b) core loss and core loss plus
rubble zones, and (c) core recovery as a function of
depth for the USW SD-9 drill hole. Selected major
stratigraphic units and subdivisions of the Topopah
Spring Tuff are indicated by horizontal lines (solid and
dashed, respectively).

large void spaces is presented for comparison in
figure 6. Column (b) of the figure illustrates the
percentage of lost core and the percentage of lost
core plus the cumulative percentage of rubblized
material for each 10-ft (3-m) interval. Core recov-
ery for individual core runs is also presented on the
figure in column (c).

Although equating core loss (or core loss-plus-
rubble) with the fraction of large lithophysal cavity
void space involves a presumption that core is not
lost during drilling for any other reason, the graph
of figure 6(b) does place a reasonable upper limit
on the extent of development of the large litho-
physal cavities. Figure 6(a) is completely consis-
tent with the independent information shown on
the detailed core logs of Appendix B. There are
very few open, small lithophysal cavities in the
lower lithophysal zone above a depth of about
962.6 ft (292.38 m; log sheets 13—14 vs. sheet 15;
Appendix B), and open cavities below this depth
die out below about 1000 ft (305 m; sheet 15). The
geologic log again describes small lithophysae
with minor cavity development from about 1050-
1070 (320-326 m; log sheet 16), and again from
1120-1170 ft (340-357 m; sheet 17). In similar
fashion, figure 6(b) is quite consistent with the
record of observations of large lithophysal cavities
from the down-hole video log. Large cavities are
described in the log of Appendix B starting at a
depth of 860 ft (362 m; log sheet 13), at essentially
the same depth where core recovery drops mark-
edly and RQD values go virtually to zero (detail in
the right-hand columns of log sheet 13). Large cav-
ities were observed nearly to the top of the lower
vitrophyre (lithostratigraphic unit Tptpv3); the bot-
tom of the last such cavity observed in the down-
hole video imagery was at a depth of 1354.0 ft
(382.20 m; log sheet 20). Although material below
a depth of 1187.0 ft (361.89 m; log sheets 17-20) is
assigned to the lower “nonlithophysal” zone, it
must be explicitly recognized that such named-unit
assignments are secondary to the actual descriptive
information contained in the geologic log (Appen-
dix B), and that the assigned names represent an
overall interpretation of the descriptive material.

Fracture Information

Fracture information has been measured dur-
ing logging of the core from drill hole USW SD-9.
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Fractures are represented schematically on the geo-
logic log sheets in Appendix B. This representation
is only semiquantitative; however, it does capture
much of the general style of fracturing. Fracture
density is approximately shown, and fracture ori-
entations are shown with respect to the core axis
(effectively vertical at SD-9). The simultaneous
presentation of fracture style with the other geo-
logic indicators allows some understanding of con-
trols on fracture density, orientation, and
mineralization; this qualitative fracture description
is available for the entire drill core. More quantita-
tive fracture information has been acquired from
detailed counting and measurement for the upper
portion of the SD-9 drill core. These data have
been summarized into 10-foot depth increments,
and the numeric values are presented in Appendix
F, table F-1.

The quantitative fracture data are presented in
figure 7. The fracture density log shown in part (a)
of figure 7 distinguishes coring- and handling-
induced fractures from natural fractures. The “nat-
ural” category actually includes both natural frac-
tures and fractures of “indeterminate” origin. Part
(b) of figure 7 portrays fracture orientations by 30-
degree increments; a somewhat expanded fre-
quency scale has been used to allow better visual-
ization of the different orientation classes. The
appendix contains a more detailed 10-degree cate-
gorization of fractures. Neither the tabular fracture
data nor the illustrations in this report has been cor-
rected for the well-known effect of fracture dip on
the numbers of fractures observed in a vertical
borehole (Scott and others, 1983):

F

F,= —— M)

~ coso

where F. is the corrected fracture frequency
adjusted for fracture dip, ¢, and F,, is the measured
fracture density. The impact of this cosine-correc-
tion factor can be relatively large in selected inter-
vals.

Part (c) of figure 7 provides a breakdown of
clean fractures in contrast to fractures that contain
some degree of mineralization or veining. Mineral-
ization is most common in the uppermost part of
the drill hole, principally associated with the
columnar subzone of the Tiva Canyon Tuff and

with the crystal-rich vitric and nonlithophysal
zones of the Topopah Spring Tuff. Note that both
of these intervals are immediately below relatively
porous materials: surface colluvium and the Paint-
brush nonwelded interval, respectively. Mineral-
ized fractures are least abundant in the lithophysal
zones of the Topopah Spring, and they appear to be
most extensively developed in the lower Topopah
near the location of the perched water body.
Perched water was encountered in SD-9 at a depth
of 1353 ft (412.5 m) (see also page 7).

RQD values and core recovery information are
also shown in figure 7 for comparison. Although

‘rock quality and RQD values should be inversely

related to fracture density, there is no clear overall
correspondence between the more highly fractured
intervals and intervals of low RQD (presumably
containing highly broken rock). In fact, in some
intervals there appears to be a positive relationship,
with lower RQD values [profile (d)] in those zones
with the fewest natural fractures [profile (a)].
Examination of figure 7 [columns (a), (d) and (e)]
also suggests that there is a positive correlation
between core recovery and both fracture density
and RQD. The cause of this correlation is that frac-
tures cannot actually be measured and counted in
core that is not recovered. Measurement of RQD is
affected in a similar manner in that missing core
adds zero footage to the cumulative footage of core
segments greater than four inches.

Figure 8 presents the results of several differ-
ent attempts to adjust the measured fracture density
data for the impacts of “unobservable” core. Table
F-1 contains a summary of “lost core” for each 10-
foot composite interval; these values were deter-
mined through office analysis of the video images
of the recovered core, and are not directly compa-
rable to the core recovery data measured by drilling
support staff (table C-1). Additionally, table F-1
contains the cumulative footage for each depth
increment that was logged as “rubble zone.” The
question of the number of actual, in-situ fractures
represented by an interval of “rubble” is problem-
atic. Certainly some disaggregation of rock is asso-
ciated with the drilling process. However, it is
possible to place some limits on the number of real
fractures that may be represented by logged rubble
Zones.
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Figure 7. Graphs showing (a) measured fracture density, (b) fracture orientation (dip), (c) mineralized fractures, (d)
10-ft video-analysis RQD, and (€) core recovery for the upper portion of the USW SD-8 drill hole. Solid horizontal lines
in (1) indicate top and bottom contacts of the Tiva Canyon and Topopah Spring Tuffs and the top of the Calico Hills
Formation. Dashed horizontal lines are contacts of Topopah Spring zonal units.
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zones. (a) Adjusted for core recovery only. (b) Adjusted for core recovery and length of rubble zones. (¢}
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Part (a) of figure 8 presents both the number of
“natural” (natural plus indeterminate) fractures
logged from the core video tapes and the likely
number of fractures that would have been logged
had there been 100 percent core recovery. The for-
mula for this adjustment is as follows:

_ N+I
L= @ao-cry/10

where N, is the number of fractures per 10-ft inter-
val adjusted for core loss, N + I is the counted num-
ber of natural and indeterminate fractures, and CL is
the cumulative footage of lost core in the 10-ft inter-
val,

N, @

Equation (2) adjusts only for unrecovered
intervals. Part (b) of figure 8 attempts an additional
first-order correction for the effect of fractures that
could not be logged individually because the core
was rubblized. This correction is:

N+1I

Ner = to—(cz+rzp/i0 * @

where N, is now the number of fractures adjusted
for both core loss and rubble zones and RZ is the
cumulative footage of those rubble zones in the rel-
evant 10-ft depth interval.

Both equations (2) and (3) amount to an
assumption that the density of fracturing present in
the in-place rock for those parts of the core that
were either lost or rubblized is essentially the same
as the density of fracturing present in the core that
was recovered. This assumption of equal fracture
densities in both lost and recovered core probably
is not conservative from a rock-mass stability
standpoint. One might anticipate lost (or rubblized)
intervals to have been more densely fractured than
material that maintained its integrity to some extent
during the mechanical agitation of drilling and core
retrieval.

A more hypothetical and less-conservative
adjustment of the measured fracture densities has
been attempted in part (c) of figure 8. For this
adjustment, a rubble zone is considered to consist
of an arbitrary number of fractures per foot of rub-
ble. The total number of fractures per 10-ft depth
increment is then simply the core-recovery-
adjusted fracture density, N, plus the footage of
rubble times this assumed fracture density:

N, =Ny+D XL, . )

Here, N,, is the desired total number of fractures,
adjusted for rubble-zone fracture density, L,, is the
cumulative length of rubblized material, and D,, is
either 20 or 40 fractures per foot of rubble. The val-
ues of 20 and 40 fractures per foot originate from
the criteria that drilling support staff used to distin-
guish the intervals that would be classified as rubble
zones. An initial value of 40 fractures per foot as the
criterion was later reduced to 20 per foot after it
became evident that much of the rock at Yucca
Mountain was highly fractured. Note that these val-
ues were selected merely to eliminate the time-con-
suming recording of each individual fracture
separately during the logging of highly broken
intervals, and that neither value for D,, may neces-
sarily be correct for any particular interval of core.
Mechanical disaggregation of some otherwise-
intact core is anticipated during the course of drill-
ing. Additionally, the presence of large lithophysal
cavities in parts of the welded-tuff sequences means
that some intervals of lost core may, in fact, repre-
sent actual void space in the rock; such void space
is not “fractured,” per se. Unsupported (but unfrac-
tured) rock, particularly near the upper margins of
large lithophysal cavities, may be mechanically
broken by pressure of the advancing drill string and
dropped into the cavity to be recovered as “rubble”
when the coring assembly advances to the bottom
of the cavity.

Framework Hydrologic Properties
Laboratory Techniques

Core samples were obtained at regular inter-
vals for laboratory measurements of framework
material properties. “Framework material proper-
ties” are defined in Study Plan 8.3.1.4.3.1 (Raut-
man, 1993) as porosity, bulk and particle density,
and saturated hydraulic conductivity. Water con-
tents were also determined and used to compute
saturation. Measurement of framework material
properties was carried out in collaboration with
SCP Study 8.3.1.2.2.3 (USGS, 1991a).

Approximately 580 eight-inch long core sam-
ples were collected for hydrologic analyses on a
nominal 3-ft, regular sampling interval. Each core
sample was subdivided into two subsamples. A 2-
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inch long core fragment was placed in a metal con-
tainer and sealed within minutes of core retrieval
from the hole, An immediately adjacent 6-inch
subsample was preserved in a Lexan™ tube that
was capped and sealed with duct tape. The intent
was to preserve in-situ moisture contents as closely
as possible and especially to prevent dry-out of the
core and subsequent irreversible changes in pore
geometry caused by desiccation of clays and zeo-
lites. Such changes have been demonstrated to
affect permeability measurements irreversibly.

Porosity, bulk density, particle density, and
water content were determined in the laboratory for
the hermetically sealed 2-inch core fragments. Sep-
arately, a subset of the 6-inch core samples were
subcored to produce specimens suitable for mea-
surement of saturated hydraulic conductivity. Core
plugs were trimmed using a small diamond saw to
approximate right-circular cylinders approximately
2.5 cm in diameter and 3-10 cm long prior to test-
ing. Porosity, bulk density, and particle density
were also measured for these prepared specimens.

Water content was determined by gravimetry
and is reported as cubic centimeters per cubic cen-
timeter. Porosity (¢, in cubic centimeters per cubic
centimeter and expressed as a decimal fraction for
simplicity), bulk density (py, in grams per cubic
centimeter), and particle density (pp, in grams per
cubic centimeter) were determined using gravime-
try and Archimedes’ principle to determine sample
volume. There were two departures from the clas-
sical application of this technique. First, the sam-
ples were initially saturated with carbon dioxide
gas by introducing the gas into an evacuated bell
jar containing the samples; this process, which was
repeated three times, prevents air entrapment in
small internal pores within the densely welded tuff
samples because the CO, is water-soluble. The
samples were then saturated with degassed distilled
water under a vacuum. Scoping studies have indi-
cated that saturated weights did not change mean-
ingfully following a single iteration of this
vacuum-saturation process, even with the addition
of a pressure-saturation step. Second, the samples
were dried in a relative-humidity (RH)-controlled
oven at 60°C and 65-percent RH (after concepts
proposed by Bush and Jenkins, 1970), rather than
at 105°C and associated ambient RH. Soeder and

others (1991) advocated the use of a lower temper-
ature, humidified technique, not only to preserve
water present in the crystal structure of any clays or
hydrated minerals (such as zeolites), but also to
retain water loosely bound to grain surfaces which
is otherwise unavailable for unsaturated flow. The
selected RH of 65 percent translates to an esti-
mated residual-saturation pressure for Yucca
Mountain samples of approximately —700 bars
(L.E. Flint, U.S. Geological Survey, written com-
munication, 1996).

Particle density, as used in this report, is simi-
lar to the more commonly reported grain density.
However, because particle density is a property
computationally derived from intact core samples,
totally encapsulated void space (which is inaccessi-
ble to water flow) is not considered. Particle den-
sity is almost invariably lower than a grain density
determination obtained by crushing the rock and
measuring the change in total volume. Particle den-
sity will approach grain density for rocks that have
little totally encapsulated pore space. Bulk-prop-
erty measurements were repeated after more con-
ventional sample drying at 105°C to allow for
comparison with other reported data (ASTM,
1990). Sample weights were reduced to the desired
bulk properties as follows.

_dry weight
Pb = Bulk volume * &)
_ pore volume
¢ = fulk volume 2" (6)
= dry weight
Pp = Bulk volume - pore volume ’ where (7)

pore volume =
(saturated weight — dry weight)
Py

and p,, is the temperature-adjusted density of water
(in grams per cubic centimeter). Bulk volume is
simply the weight of the fully-saturated sample sub-
merged in water (by Archimedes’ principle). Volu-
metric water content (VWC) was determined as:

WVC =

(8)

(saturated weight — dry weight

dry weight ) Py )
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Saturated hydraulic conductivity, K, in meters
per second and usually presented as log;g K in this
report, was measured using a constant-head
method. The core plugs were saturated with tap
water using the vacuum evacuation/CO, flooding
technique. Each sample was encased in heavy
viny!l tubing and placed in a chamber (Hassler per-
meameter) that produced a hydraulic confining
pressure (0.41-0.55 MPa), slightly exceeding the
gradient across the sample, to prevent escape flow
around the sides of the sample. Confining pres-
sures of this magnitude do not affect the permeabil-
ity of the rock, especially since welded samples
have compressive strengths on the order of 100
MPa (Nimick and Schwartz, 1987). A separate sys-
tem provided J-13 tap water under pressure for
flow through the sample. Effluent was weighed on
a top-loading balance and the mass was recorded as
a function of time as the water left the sample. Sat-
urated hydraulic conductivity was computed from
Darcy’s law: -

L
K=Z'xm -

s

(10)

>0

where Q is the quantity of water flowing through
the sample per unit time (cm3/sec), A is the cross-
sectional area of the sample core plug (cm?), AH is
the change in total head (cm) across the sample, and
L is the length (cm) of the core plug. Note that K
has been converted to units of meters per second in
all tables and figures in this report.

Material-Properties Data

Results of the laboratory material-properties
determinations are presented in Appendix G. Table
G-1 contains bulk properties (porosity, bulk den-
sity, particle density) and initial water contents for
both relative-humidity oven-dried and 105°C-dried
samples. Saturated hydraulic conductivity mea-
surements are presented in table G-2. Separate
porosity measurements were also obtained from
the permeability-plug samples. These supplemen-
tal porosity data are listed in the table of conductiv-
ity values.

Data from table G-1 are presented graphi-
cally in log format in figure 9. The figure includes
both the relative-humidity and 105°C data, which
are represented by different symbols. Note that the

two values for each sample are essentially identical
throughout most of the upper portion of the drill
hole. Major differences in the properties measured
by these two techniques occur only in the presence
of hydrated minerals, such as clays and particularly
zeolites. Generally, the picture that emerges from
the material-properties data is reflective of the ther-
mal/mechanical units identified in table 4. The sat-
urated hydraulic conductivity data from table G-2
are presented in graphical format in figure 10,
together with the corresponding porosity measure-
ments from these subcored sample plugs. Note that
samples identified as exhibiting no measurable
flow through the Hassler permeameter have been
assigned an arbitrary K value for plotting purposes
of 1071 m/sec (log;q K, = —14). Porosity and bulk
density values from table G-1 are also illustrated
on the log sheets of Appendix B, as are values for
approximate in-situ saturation.

The major lithologic subdivisions of the rock
column penetrated by drill hole USW SD-9 can be
identified in the material-property profiles shown
in figure 9. The unsampled material to a depth of
approximately 50 ft (15 m) corresponds to the
drilled interval consisting of drill-pad fill and col-
luvial deposits [to a depth of 53.6 ft (16.34 m) as
indicated in the geologic log of Appendix B]. The
welded portion of the Tiva Canyon Tuff is repre-
sented by a few measured porosity values of
approximately 0.10, down to a depth of 55.7 ft
(16.98 m). Below this depth, porosity values
increase progressively through the lower vitric
zone of the Tiva Canyon (the shardy-base interval;
Istok and others, 1994), and they remain high
(0.30-0.50) through the interval comprising the
base of the Tiva Canyon Tuff, the Yucca Mountain
and Pah Canyon Tuffs (and associated bedded
tuffs), and the nonwelded subzone of the upper vit-
ric zone of the Topopah Spring Tuff. The bottom of
this latter subzone is at 266.1 ft (81.13 m), where
the porosity decreases abruptly to only a few per-
cent. Welded materials with porosities generally
less than 0.10-0.12 form the bulk of the remainder
of the Topopah Spring Tuff, extending through the
base of the basal vitrophyre subzone of the lower
vitric zone (Tptpv3) at 1418.7 ft (432.53 m), in
which the values again drop abruptly to nearly
Zero.
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Figure 9. Porosity, bulk density, particle density, saturation, and water content profiles of core samples
collected from the USW SD-9 drill core. Solid circles—relative-humidity oven-dried samples; open squares—
105°C-dried samples. Solid horizontal lines indicate top and bottom contacts of the Tiva Canyon and Topopah
Spring Tuffs, the Calico Hills Formation, and the Prow Pass Tuff. Dashed horizontal lines are contacts of
Topopah Spring zonal units.
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Figure 10. Porosity and saturated hydraulic
conductivity profiles of core samples collected from the
USW SD-9 drill core. Solid horizontal lines indicate top
and bottom contacts of the Tiva Canyon and Topopzah
Spring Tuffs, the Calico Hills Formation, and the Prow
Pass Tuff. Dashed horizontal lines are contacts of

Topopah Spring zonal units.

The lowermost zones of the Topopah Spring
Tuff exhibit a general increase in porosity and con-
stitute a largely nonwelded interval (including the
pre-Topopah Spring bedded tuff) that extends to
approximately 1479.9 ft (451.19 m). The two
porosity values begin to diverge markedly at
approximately 1450 ft (440 m), representing the
presence of zeolitized materials in the underlying
Calico Hills Formation. The dichotomy between
the relative-humidity dried samples and their
105°C-dried counterparts is particularly well dis-
played by the particle density data (center profile in
figure 9). The base of the Calico Hills Formation
occurs at 1820.7 ft (555.09 m), although the most
prominent change in porosity is associated with the
bedded tuff and basal tuffaceous sandstone units of
the Calico Hills [1764.4-1820.7 ft (§37.93-555.09
m)]. The remainder of the hole consists of ash-flow
units of the Prow Pass Tuff. These units are gener-
ally zeolitized, as indicated by separation of the
relative-humidity and 105°C data, with the excep-
tion of an interval from approximately 1870-2000
ft. This interval corresponds approximately to ash-
flow unit 3 (Tcp3), from 1868.7 to 2015.8 ft
(5690.73-614.57 m; log sheets 27-29, Appendix
B). The geologic description of this interval notes
the presence of vapor-phase mineralization and
slight welding. A somewhat poorly defined and
strongly asymmetric c-shaped welding profile can
be identified through this interval. The c is
reversed and more prominent in the particle-den-
sity profile (fig. 9).

A few of the internal zones of the Topopah
Spring Tuff can be identified within the thick
welded portion of this unit. Notably, the thin vitro-
phyre subzone (the “caprock” vitrophyre; Tptrv1)
of the upper vitric zone is easily identifiable by its
particularly low porosity values (0.05 or less) at
approximately 270 ft (82 m). The much thicker
basal vitrophyre subzone of the lower vitric zone
(Tptpv3) is also easily identified by the 50-ft (15-
m) interval near 1400 ft (425 m) of uniformly low
(Iess than 0.05) porosity values. Note also that the
basal vitrophyre subzone also exhibits uniform and
distinctly lower values of particle density because
of the glassy rock type. A suggestion of lower par-
ticle densities is associated with the caprock vitro-
phyre as well.
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With the exception of a part of the upper
Topopah Spring interval, the majority of the many
zones and subzones identified within the Topopah
Spring Tuff (table 1) are essentially indistinguish-
able in the porosity profile. The same holds true for
the other bulk-property profiles as well. The excep-
tions include part of the crystal-rich nonlithophysal
zone (Tptrnl) at approximately 325 to 400 ft (100-
120 m) and an interval within the upper lithophysal
zone (Tptrl and Tptpul) from approximately 450 to
650 ft (140-200 m). Both of these intervals appear
to exhibit somewhat higher porosity values (0.10 to
as much as 0.20).

Saturation and initial water content data are
also presented in figure 9. Water contents (right-
hand-most column) invariably are higher in the
nonwelded intervals above about 200 ft (60 m) and
below 1450 ft (440 m). There is simply more void
space in these materials to contain moisture. Note
that a non-negligible fraction of the total water
content of the zeolitic samples, those obtained
from below about 1450 ft (440 m), consists of
weakly bound water that is driven off with heating
above 105°C. Saturation values are also portrayed
graphically on the log sheets of Appendix B.

Saturations are high in the very near-surface
samples immediately below surficial colluvium,
most likely because of the influence of near-sur-
face infiltration. Saturations generally decrease
down hole through the nonwelded PTn interval and
then increase progressively through the thick
Topopah Spring Tuff welded section. Exceptions to
this general trend can be related directly to lower
porosities in the partially welded zone within the
Yucca Mountain Tuff from about 100 to 120 ft (30~
36 m), and to the relatively sharp increase in poros-
ity just below the caprock vitrophyre of the
Topopah Spring Tuff at approximately 300 ft (90
m). Saturations approach 1.0 at about 700-900 ft
(210-275 m) in the less vapor-phase altered, lower-
porosity middle nonlithophysal zone, and again at
approximately 1300 ft (396 m). Perched water was
first encountered at 1353 ft (412.5 m), although the
core had been described in drilling reports as
“moist” beginning at approximately 1308 ft
(398.78 m). Core saturations decrease in samples
obtained from immediately above and within the
basal vitrophyre subzone. Samples from below the

basal vitrophyre in the lower part of the pre-
Topopah Spring bedded tuff are essentially fully
saturated, although an interval of noticeably lower
saturations is present from roughly 1600 to 1625 ft
(487—-495 m). An explanation for this decrease in
water content is not immediately apparent. The
regional water table was encountered at a depth of
1877 ft (572.26 m).

Geophysical Log Data

Geophysical logging activities were con-
ducted in drill hole USW SD-9 on July 13, 1995 to
a depth of approximately 1500 ft (450 m). The five
geophysical surveys included: (1) compensated
density-gamma ray log, (2) epithermal neutron
porosity-gamma ray log, (3) dual induction-gamma
ray log, (4) dielectric propagation-gamma ray log,
and (5) oriented 4-arm caliper. Drill-hole deviation
data, including borehole azimuth and inclination,
were also recorded. Note that the lower portion of
SD-9 (below approximately 1500 ft or 450 m) had
not been logged as of December 1994. The major-
ity of the geophysical log traces are shown in fig-
ure 11. Because the geophysical logs consist of
digital data on 0.5-ft (0.15-m) spacings, this infor-
mation is not presented in an appendix to this
report. The actual trace values can be obtained
from the Yucca Mountain Project records facilities
using data-tracking number (DTN)
TWUSWSD9000095.001.

Density Log Response

The density log [fig. 11(a)] displays the
expected responses both to welding and to the
development of lithophysal cavities. Bulk density
values drop between depths of 67 and 80 feet
(20.43-24.39 m) as the logging tool passed from
the densely welded lower nonlithophysal zone of
the Tiva Canyon Tuff through the progressively
less-welded material of the vitric zone; Istok and
others have documented continuously changing
bulk density values in this shardy base interval.
The bedded tuff (Tpbt4) separating the Tiva Can-
yon tuff from the underlying Yucca Mountain tuff
at about 92-95 ft (28—-29 m) exhibits a low bulk
density. A small increase in density is recorded on
the log through the slightly welded middle portion
of the Yucca Mountain Tuff between 105 and 130
feet (32.01-39.63 m). Density values decrease
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Figure 11. Geophysical log traces from the USW SD-9 drill hole: (a) density log; (b) gamma-ray log; (c) epitﬁermal
neutron porosity log; (d) induction log; and (e) caliper log. Log trace data from DTN TMUSWSDS8000095.001
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through the bedded tuff underlying the Yucca

Mountain Tuff (Tpbt3) to very low values of bulk -

density (1.15 g/cm3 and less) in both the Pah Can-
yon tuff and its underlying bedded tuff (Tpbt2).

The density-log values increase at a depth of
about 250 ft (76 m), corresponding to the bottom of
the pre-Pah Canyon bedded tuff, and at approxi-
mately 265 ft (81 m), density increases abruptly to
nearly 2.5 g/cm3 as the tool passed nonwelded-to-
welded transition located slightly below the strati-
graphic top of the Topopah Spring Tuff. The den-
sity trace continues to indicate high bulk density
values through the densely welded upper nonlitho-
physal zone of the Topopah Spring tuff from
272.1-439.2 feet (82.9-133.9 m). The upper litho-
physal zone is' well expressed in the density log
response as the presence of large lithophysal cavi-
ties reduces the overall bulk density of the densely
welded rock. Note that bulk density values indi-
cated by the geophysical tool response (less than
20 g/cm)3 are slightly but consistently lower than
the laboratory-measured values of bulk density for
equivalent depths reported in Apgendix G (gener-
ally slightly greater than 2.0 g/cm”).

Bulk density values increase within the middle
nonlithophysal zone from 730 to 845 ft (220-260
m), although short intervals (largely obscured by
the compressed vertical scale of figure 11) of
noticeably lower density within the upper part of
this zone are attributed to widely spaced, large
lithophysal cavities such as were observed in the
down-hole video images. Lower density values
also characterize the lithophysae-bearing subzone
between depths of 788.1 and 812.5 feet (240.27 to
247.71 m). The trace of the density log through the
lower 33.3 feet (10.06 m) of the middle nonlitho-
physal zone is relatively flat, which is consistent
with the general absence of large lithophysal cavi-
ties in video images from this section and the
higher core recoveries noted in figure 4(a).

At the top of the lower lithophysal zone, den-
sity values drop sharply and vary markedly in a
somewhat erratic manner; this log response
appears to reflect the prominent development of
large lithophysae in this part of the densely welded
section. This extreme variation in log density con-
tinues downward through the lower lithophysal
zone, as described from core, into and through the

lower nonlithophysal zone. The density log values
stabilize at approximately the upper boundary of
the lower vitrophyre unit at about 1365.0 feet
(416.16 m; log sheet 20, Appendix B). This
response pattern appears to be the result of the con-
tinued presence of widely-spaced, large lithophy-
sae noted in the borehole video survey. Bulk
density values decrease slightly through the lower
vitrophyre unit, but then decrease rapidly (and pro-
gressively) from about 2.3 to 1.7 g/cm3 through the
gradationally “partially” welded zone above the
nonwelded basal unit of the Topopah Spring Tuff.

Gamma-Ray Log Response

The gamma-ray logging tool responds princi-
pally to the presence of radioactive potassium
(*°K) in the whole rock. The log response [fig.
11(b)] indicates lower count rates (API units)
above a depth of roughly 50 ft (15 m), which corre-
sponds approximately to the contact of surficial
alluvial deposits with bedrock welded tuff of the
Tiva Canyon. Below this depth, the gamma-ray log
trace is generally unremarkable, reflecting a gener-
ally uniform potassium content. Noticeable low
count-rate spikes occur at depths of about 95 and
150 ft (29 m and 46 m, respectively). A broader
interval of low gamma-ray values is present
between about 240 and 260 ft (73-79 m). These
gamma-ray lows correspond approximately to the
“bedded-tuff” intervals underlying the Tiva Can-
yon, Yucca Mountain, and Pah Canyon Tuffs,
respectively. Presumably, these reworked intervals
were weathered sufficiently that some of the radio-
active (and non-radioactive) potassium was
leached from the rock.

Epithermal Neutron Porosity Log Response

The neutron-porosity log responds principally
to the presence of water (hydrogen atoms) in the
rock. Higher “porosity” values indicate greater
absorption of neutrons by moisture. The log trace
[fig. 11(c)] is low in the near-surface welded part
of the Tiva Canyon. Neutron porosity values
increase markedly with the end of dense welding at
the base of the columnar subzone of the lower non-
lithophysal zone of the Tiva Canyon Tuff. Neutron
porosity values then decrease progressively
through the lower vitric portion of the Tiva Canyon
to the contact of the underlying bedded tuff (Tpbt4)
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at 92.3 feet (28.1m). A small increase in neutron
porosity is indicated within the bedded tuff unit.
With the notable exception of a small increase
within the slightly welded portion of the Yucca
Mountain Tuff (centered at a depth of approxi-
mately 110 ft (33 m), neutron porosity values are
relatively low down to the onset of welding located
somewhat below the stratigraphic top of the
Topopah Spring Tuff at 252.6 feet (77.0m). The
other bedded tuff units (Tpbt3 and Tpbt2) within
the upper Paintbrush nonwelded interval (PTn)
exhibit little or no effect on neutron porosity val-
ues.

Within the upper vitric zone of the Topopah
Spring Tuff, the neutron porosity values increase
toward the upper contact of the caprock vitrophyre
at 268.0 feet (81.7m). Below the vitrophyre, neu-
tron porosity values return to relatively low values.
Neutron porosity values typically increase through
the upper lithophysal zones and the character of the
log response within lithophysal intervals is mark-
edly more erratic, and the tool may be responding
to low apparent moisture contents within the large
lithophysal cavities. A marked interval of high
neutron porosity values occurs at approximately
the base of the lithophysal-bearing subzone of the
middle nonlithophysal zone of the Topopah Spring
Tuff. Neutron porosity values are somewhat low
but relatively slowly varying in the lower vitro-
phyre subzone, and the log trace indicates rapidly
increasing values through the partially welded and
nonwelded vitric subzones between 1418.7 and
1464.1 feet (432.4-446.3 m).

Dual-Induction Log Response

The dual-induction log tool responds to the
apparent resistivity of the rocks surrounding the
bore hole. Both the induction log deep and medium
traces are portrayed in figure 11(d). A third electri-
cal tool, the spherical-focused log, was also run in
drill hole SD-9; however data from this tool are
available only below approximately 1450 ft (440
m), and the trace is not included on the figure.

Electrical-type logging tools are somewhat
problematic to interpret in the unsaturated zone,
and the traces for this tool are included only for
completeness. The high-resistivity spikes above 50
ft (15 m) appear to be artifacts associated with steel

surface casing. Resistivity values are generally low
throughout the Paintbrush nonwelded (PTn) inter-
val, and increase abruptly to off-scale readings
(greater than 2000 Q-m) at the top of the Topopah
Spring Tuff. Resistivity values are off scale essen-
tially throughout the upper nonlithophysal portion
of the Topopah Spring. The prominent lithophysal
zones of the Topopah Spring are not easily identi-
fied in the induction-log traces. The upper litho-
physal zone exhibits resistitvities of slightly less
than 500 Q-m, whereas readings in the lower litho-
physal zone are somewhat higher than 500 Q-m.
Resistivity values decrease in the lower part of the
lower nonlithophysal zone, reaching a prominent
minimum value just above the lower vitrophyre.
Off-scale resistivity readings are associated with
the Topopah lower vitrophyre subzone. Resistivity
values decrease ‘progressively through the moder-
ately welded portion of the basal Topopah vitric
zone, and remain low to the bottom of the logged
interval.

Caliper Log Response

The upper part of drill hole USW SD-9 (below
surface casing to 53.6 ft (16.34 m) was drilled
using tools that produced an approximately 6-inch
(15-cm) diameter drill hole. The caliper log trace
[fig. 11(e)], which consists of two measurements at
each depth in mutually perpendicular directions,
indicates that the drill hole is severely washed out
in the Paintbrush nonwelded interval above 268.6
ft (81.86 m). Changes in the caliper log through
this zone approximate changes in the degree of
welding. Hole diameter increases progressively
through the shardy-base portion of the partially
welded and nonwelded basal Tiva Canyon Tuff,
decreases through the partially welded portion of
the Yucca Mountain Tuff, and then increases to a
maximum of about 10.5 inches (27 cm) immedi-
ately above 200 ft (61 m) within the nonwelded ash
flows of the Pah Canyon Tuff. Core recovery was
essentially zero at this depth {fig. 4(a)]. Hole diam-
eter then decreases progressively to the nominal
hole size at the top of the caprock vitrophyre sub-
zone of the Topopah Spring welded tuff.

Hole diameter within the welded portion of the
Topopah Spring Tuff are generally in-gauge when
averaged over thicker intervals. However, short,
rather large washed-out intervals that may increase
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hole diameter by a third to more than 8 inches (20
cm) are common throughout the welded interval.
These enlarged intervals are thought to correspond
to large lithophysal cavities intersected by the bore
hole and to intervals of highly fractured rock that
“ravel” into the hole with the mechanical agitation
of the rotating drill string.

Summary and Conclusions

Drill hole USW SD-9 is one of several holes
drilled under Site Characterization Plan Study
8.3.1.4.3.1, also known as the “Systematic Drilling
Program,” as part of the U.S. Department of
Energy characterization program at the Yucca
Mountain site. The SD-9 drill hole was located in
the northern part of the potential repository area.
The hole is immediately to the west of the Main
Test Level drift of Exploratory Studies Facility.
The location is just south of the curve connecting
the North Ramp decline with the north-south main
test level drift. The drill hole collar is located in the
bottom of Wren Wash, which has eroded nearly to
the base of the Tiva Canyon Tuff. Core from drill
hole USW SD-9 recovered essentially complete
sections of ash-flow tuffs belonging to the Yucca
Mountain, Pah Canyon, and Topopah Spring Tuffs
of the Miocene Paintbrush Group, as well as a
complete section of the Calico Hills Formation and
all but the lowermost part of the Prow Pass Tuff
section of the Crater Flat Group.

Wren Wash and the SD-9 drill hole are located
relatively close to the inferred source calderas of
the Paintbrush Group ash-flow and related tuffs,
compared with drill holes located farther to the
south within the potential repository block. The
Yucca Mountain Tuff is approximately 45-ft (13.7-
m) thick, and the interior portion of this ash flow is
partially welded. The Yucca Mountain Tuff thins to
extinction southward. The Pah Canyon Tuff is 69.4
ft (21.15 m) thick in this drill hole and is com-
pletely nonwelded. The Topopah Spring Tuff con-
sists of 1211.5 ft (369.25 m) of generally densely
welded material; this is one of the thickest known
sections of welded Topopah Spring Tuff at or near
Yucca Mountain. Lithophysae are well developed
locally within the part of the Topopah Spring, and
large lithophysal cavities up to several feet (imany
tenths of a meter) in diameter are present through-

out roughly the lower two-thirds of the unit. This
somewhat anomalous occurrence of very large
lithophysal cavities, which is in addition to the bet-
ter known presence of zones containing smaller,
inch-scale (cm-scale) lithophysae within the
Topopah Spring, may be related to the greater
thickness of the unit at this geographic location.
The Calico Hills Formation underlies the Paint-
brush Group tuffs, and this unit consists of 341 ft
(103.87 m) of nonwelded and mostly zeolitized
tuffaceous materials. Rocks totaling 402.4 ft
(122.65 m) in thickness and belonging to the ash-
flow sequences of the Prow Pass Tuff underlie the
Calico Hills Formation. The drill hole was stopped
short of the base of the lowermost known ash-flow
unit of the Prow Pass Tuff, and the true thickness
of this unit is not known.

Quantitative and semiquantitative data are
included in this report for core recovery, rock-qual-
ity designation (RQD), lithophysal cavity abun-
dance, and fracturing. These data are variable
spatially, both within and among the major forma-
tional-level stratigraphic units. Core recovery and
RQD values are typically somewhat inversely cor-
related with the degree of welding; nonwelded
intervals exhibit higher recoveries and more intact
(higher) RQD values. An exception is a completely
unconsolidated nonwelded interval near the base of
the Pah Canyon Tuff. RQD is distinctly lower in
the main lithophysal zones. Rocks of the non-
welded and generally zeolitized intervals belong-
ing to the Calico Hills Formation and Prow Pass
Tuff yielded virtually complete core recovery and
the consistently highest RQD indices of the entire
drill hole. Quantitative information regarding litho-
physal cavity abundances is complicated by the
existence of cavities much larger than the core
diameter; drilling through intervals of these large
cavities produced large zones of “lost” core and
rubble.

Quantitative data for the framework material
properties of porosity, bulk density, and saturated
hydraulic conductivity are tabulated in this report.
Graphical representations of variations in these
laboratory hydrologic properties reflect the degree
of welding and the presence of zeolitization. Many
of the contacts between primary, genetic geologic
contacts are not expressed in the material-property
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profiles. Approximate in-situ saturation data of
samples preserved immediately upon recovery
from the hole are included in the data tabulation.
These numeric values of the framework material
properties can be used to develop a “material-prop-
erty stratigraphy” that appears to correspond in a
first-order manner to the older thermal/mechanical
stratigraphy used for some Yucca Mountain Project
activities.

Geophysical logs have been obtained for the
upper approximately 1500 ft (450 m) of the USW
SD-9 drill hole (to near the base of the Paintbrush
Group). The lower part of the hole has not been
logged. The suite of geophysical log traces
included in the report include density, gamma-ray,
epithermal-neutron porosity, electrical resistivity,
and caliper profiles down to the base of the
Topopah Spring Tuff. The bulk-density log pro-
vides the most lithologic information, and several
of the lithologic subdivisions identified in the SD-9
drill hole can be tied to distinctive changes in the
density trace. Discrimination of welded from non-
welded rock types and lithophysal from nonlitho-
physal zones is immediately apparent in the density
log. This independent line of evidence also con-
firms the fact that the broader, genetic lithostrati-
graphic unit boundaries do not correspond in detail
to material property units as identified either
through the use of geophysical logs or laboratory
measurements on core samples.
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Lithologic Unit Descriptions

The following are unit-by-unit descriptions of
the USW SD-9 core. The SD-9 Borehole was ham-
mer-drilled to 53.6 ft (16.34 m); drill-pad-fill mate-
rial and alluvial overburden were neither cored nor
described. The descriptions that follow are based
on the detailed geologic log sheets presented in
Appendix B, and reference to the log forms may be
helpful when reading these lithologic unit descrip-
tions. Although these descriptions emphasize the
new stratigraphic nomenclature proposed by Bue-
sch and others (1996), the unit descriptions are
cross-referenced where feasible to the older zona-
tion of the Paintbrush Group tuffs published by
Scott and Bonk in 1984. These older names and
some of their historical modifications are well
entrenched on the Yucca Mountain Project.

Jiva Canyon Tuff (Tpc)

Crystal-poor lower nonlithophysal zone
(Tpcpln) 53.6-55.7 ft (16.34—16.98 m)

Columnar subzone (Tpcpinc) 53.6-55.7 ft
(16.34-16.98 m)

The lowermost portion of the columnar sub-
zone (columnar zone of Scott and Bonk) is charac-
terized by a light tan-gray, densely welded,
devitrified matrix punctuated by dark, vitric, flat-
tened, rectangular pumice clasts with feathery
ends. More sparse, larger pumice clasts have been
argillically altered to pink clay. The rock is com-
posed of 4-6 percent dark pumice fragments, 1-2
percent dark vitric lithics, and 3-4 percent pheno-
crysts of feldspar with minor biotite. Joints are
dominantly smooth and high-angle (nearly parallel
to the core axis), and are typically coated by vapor-
phase minerals. The contact at 55.7 ft (16.98 m)
between the columnar subzone and the underlying
lower vitric zone is faulted, with 0.1 ft (30.5 mm)
of sandy-clay gouge that appears related geneti-
cally to the vitric zone. The columnar subzone is
severely fractured because of its proximity to this
low-angle fault (nearly perpendicular to the core
axis in a vertical drill hole), and then healed
(refilled) with milled fragments of the vitric zone
in the fracture voids.

Crystal-poor vitric zone (Tpcpv) 55.7-92.3 ft
(16.98-28.14 m)

Moderately welded subzone (Tpcpv2) 565.7—65.0 ft
(16.98-19.92 m)

This partially welded section of the lower vit-
ric zone (described as the “shardy base” of the
columnar zone of Scott and Bonk; Istok and others,
1994) is composed of a matrix of moderately
deformed orange-brown bubble-wall shards that
enclose light pink-gray, weakly altered pumice
clasts, 1 percent small brown angular lithic frag-
ments, and 2-3 percent phenocrysts. Some pumice
fragments are as large as 1.6 inches (40 mm) in
diameter; some are altered to orange clay and about
one-fourth of the clasts are black and vitric. Pheno-
crysts are dominantly feldspar, with traces of
biotite. Approximately 3-5 percent of the shards
that make up the matrix are obsidian.

Nonwelded subzone (Tpcpvi1) 65.0-92.3 it
(19.82-28.14 m)

The nonwelded subzone (also aggregated as
part of the shardy base interval by Istok and others,
1994) occurs from a depth of 65.0 to 79.0 ft (19.82
to 24.09 m). The lower nonwelded subzone con-
tains 7-10 percent pale orange-brown, weakly
altered pumice fragments up to 1 inch (28 mm) in
diameter, 1-2 percent small brown angular lithics,
3—4 percent phenocrysts of feldspar, and traces of
biotite in a vitric, nonwelded matrix composed
mostly of partially argillized, orange-brown bub-
ble-wall shards. Approximately 20-25 percent of
the shards constituting the matrix are black and vit-
ric. Fractures in this interval are generally smooth
and are commonly coated with a black mineral. At
a depth of 88.7 ft (27.04 m), the pumice content
increases with proximity to the base of the Tiva
Canyon section. The lowermost subunit is a 1.2
inch (30.5 mm)-thick pumice fall underlain by a
sharp basal contact.

Pre-Tiva Canyon Tuff bedded tuff (Tpbt4
92.3-95.9 ft (28.14-29.24 m

The upper contact of the pre-Tiva Canyon Tuff
bedded tuff is a weakly developed paleosurface.
The unit has a sandy, clast-supported texture with
5-7 percent small, white, angular pumice frag-
ments, 4-5 percent feldspar, and traces of biotite
phenocrysts. This unit grades downward into a
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medium-grained pumice-fall deposit that becomes
coarser downward. The fallout deposit is com-
posed of mixed pumice types; 10-15 percent of the
clasts are a black obsidian variety.

Yucca Mountain Tuff (Tpy) 95.9-140.9 ft
(29.24—42.95 m)

The Yucca Mountain Tuff is a vitric, weakly
vapor-phase-altered, nonwelded ash-flow tuff con-
taining 5-10 percent small, dense-textured, vitric
pumice fragments, 1-2 percent phenocrysts of
feldspar and lesser biotite, and 1 percent small
angular lithics of quartz latite. The matrix is com-
posed of a pale red-brown weakly altered mass of
indistinguishable material that contains 5 percent
black vitric shards, which increase in abundance
downward to 10-12 percent. The tuff becomes
slightly welded from 121.7 to 133.7 ft (37.10 to
40.76 m), and contains 10-15 percent black shards
in a gray vitric matrix with hazy, recrystallized
(altered?) spots. Pale-colored, vitric pumice clasts
grade downward into black vitric, “soft lithics” in
this zone. The lower contact is depositional.

A second faulted interval is present at a depth
of 122.1 ft (37.21 m). This 0.15-ft (0.046-m) thick
gouge zone of soft clayey material is essentially
flat-lying, as was the fault encountered at 55.7 ft
(16.98 m) marking the division between the Tiva
Canyon columnar subzone and the underlying
shardy-base interval.

Pre-Yucca Mountain Tuff bedded tuff (Tpbt3)
140.9-157.7 ft (42.96-48.08 m)

The pre-Yucca Mountain Tuff bedded tuff is a
clast-supported, highly pumiceous unit with a vit-
ric matrix. The bedded tuff consists of 25-35 per-
cent small, subangular pumice fragments, 1-2
percent phenocrysts of feldspar and minor biotite,
and 1 percent small dark lithics in an altered and
reworked vitric matrix containing 2-3 percent
black shards. Three sets of well-sorted, oscillatory
2- to 5-cm-thick, lithic-rich pumice-fall beds occur
between depths of 143.2 and 143.5 ft (43.66 to
43.75 m). From 143.5 to 154.2 ft (47.01 m), the
rock exhibits a reworked bedded texture with a
pumice content of 15-20 percent; pumice clasts are
slightly larger than near the top of the unit. A well-
sorted pumiceous ash fall grades downward into a

coarse-grained pumice fall from 154.2 ft to 156.7 ft
(47.77 m). The final interval from 156.7 ft to the
bottom of the unit at 157.7 ft (48.08 m) is a sandy,
clast-supported bedded tuff composed of material
similar in composition to, and presumably derived
from, the underlying Pah Canyon Tuff.

Pah Canyon Tuff (Tpp) 157.7-227.1 ft
(48.08-69.24 m)

The Pah Canyon Tuff is an ash-flow deposit
containing 25-30 percent pale-colored, subangular
pumice clasts (0.12-1.77 inch; 3—45 mm) set in a
nonwelded, vitric, slightly altered light-brick-red
matrix. The pumice clasts are bimodal, with
approximately equal portions of a light gray, dense-
textured, vitric variety and a finely-laminated
vesicular type, all of which vary in size from 0.47
to 1.77 inch (12—45 mm). Pumice clasts become
green and zeolitized below 164.0 ft (50 m) depth.
The Pah Canyon Tuff also contains 1 percent dark-
colored, 0.31-0.39-inch (8-10-mm) lithic frag-
ments and 3-5 percent phenocrysts of feldspar with
traces of biotite. A characteristic, pumiceous, basal
“white zone” is present from 223.9 to 227.1 ft
(68.26 to 69.24 m).

Pre-Pah Canyon Tuff bedded tuff (Tpbt2)
227.1-252.6 ft (69.24-77.01 m)

The pre-Pah Canyon Tuff bedded tuff is non-
welded, vitric, sandy textured and probably
reworked. The unit grades downward to a coarse-
grained, pumice fall at 230.8 ft (70.37 m). The bed-
ded tuff is composed of 20-25 percent small, light-
gray, laminated and red-gray, altered pumice clasts,
24 percent dark vitric lithic clasts, 3-5 percent
feldspar phenocrysts and 2 percent biotite flakes in
an altered matrix with 4-5 percent black shard con-
tent. The coarse-grained fallout deposit from 230.8
to 252.6 ft (77.01 m) contains 85-90 percent
coarse, white, vitric pumice clasts up to 0.79 inch
(20 mm) in diameter and a mixture of lithics that
constitute 5-10 percent of the rock. A weakly
developed paleosol surface with hematite staining
is visible at 245.9 ft (74.97 m) in the pre-sampling
core videos.
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Topopah Spring Tuff (Tpi)

Crystal-rich vitric zone 252.6-272.1 ft
(77.01-82.96 m)

Nonwelded subzone (Tptrv3) 252.6-266.1 ft
(77.01-81.13 m)

A 1.18 inch (30 mm), pink-clay and small
pumice-clast zone found at 255.5 ft (77.90 m) has
been identified by the Buesch and others (1996) as
the upper part of a presumed paleosol unit. How-
ever, the ash-flow material both above and below
this pink-clay marker are virtually identical in
composition and texture. Thus, the upper contact of
the Topopah Spring Tuff—and of the nonwelded
vitric subzone—is placed at 252.6 ft (77.01 m),
where the rock type changes from the coarse-
grained pumice fall, assigned to the pre-Pah Can-
yon budded tuff, to nonwelded ash-flow tuff simi-
lar to some dozen or so feet (several meters) of
underlying, nonwelded material.

The upper, vitric, nonwelded subzone (part of
the caprock zone of Scott and Bonk) is pumiceous,
normally containing 15-20 percent pumice clasts.
The pumice content within this upper part of the
Topopah Spring tuff appears to increase progres-
sively from 15 or 20 percent to about 80-90 per-
cent between 261.1 ft (79.60 m), and the most
prominent change in rock type at the top of the vit-
rophyre subzone at 268.6 ft (81.89 m). The entire
upper portion of Topopah Spring Tuff is crystal
rich, containing up to 20 percent phenocrysts of
feldspar and biotite. However, the uppermost por-
tion of the nonwelded subzone has a noticeably
reduced phenocryst content (only 3-5 percent).
Small, angular, quartz latite lithics (2—3 percent)
are easily identified by their contrasting hardness
relative to the nonwelded tuff.

Moderately welded subzone (Tptrv2)
266.1-268.6 ft (81.13-81.89 m)

Increased welding creates what is also some-
times referred to as a “sintered” interval within the
pumiceous zone just above the vitrophyre subzone.
The upper contact is placed at the uppermost limit
of flattening affecting large gray pumice clasts that
compose 80-90 percent of the pumiceous interval
at the bottom of the upper vitric nonwelded sub-
zone. Note that this “contact” is gradational. The
rock is clast-supported, and consists of approxi-

mately 10 percent devitrified and vitric lithic clasts
and 3-5 percent feldspar and oxybiotite pheno-
crysts in a vitric matrix. Elsewhere at Yucca Moun-
tain, the moderately welded interval is
indistinguishable, and the rock type changes from
virtually nonwelded to vitrophyre over an interval
of inches.

Densely welded (vitrophyre) subzone (Tptrv1)
268.6-272.1 ft (81.89-82.96 m)

The densely welded or vitrophyre subzone
(also known as the “caprock vitrophyre” after the
description of Scott and Bonk, 1984) is composed
of dark-colored, densely fused, crystal-rich glass.
A distinctive red vitrophyre containing black glass
fiamme from 268.6 to 271.6 ft (81.89 to 82.80 m)
overlies an equally distinctive black vitrophyre
from 271.6 ft to 272.1 ft (82.96 m). Phenocrysts of
feldspar make up 15-20 percent of the rock with
trace quantities of oxybiotite and rare pyroxene. A
large, porphyritic pumice clast is present at 268.7 ft
(81.92 m). Thin, pale blue, weakly opaline, vapor
phase silica coatings are present preferentially on
open, dominantly subhorizontal, joints.

Laboratory material property data, discussed
earlier in this report (See “Framework Hydrologic
Properties” on page 23.), indicates that the greatest
change in rock properties occurs at the very sharp
upper contact of the underlying vitrophyre sub-
zone.

Crystal-rich nonlithophysal zone (Tptrnl) 281.0-
439.2 ft (85.67-133.90 m)

The upper contact of the upper, crystal-rich
nonlithophysal zone (rounded zone of Scott and
Bonk) is gradational, and this unit is distinguished
from the caprock vitrophyre only by the presence
of incipient devitrification. The unit is composed
of 15-17 percent phenocrysts, 10-30 percent cog-
nate pumice clasts, 10-15 percent exotic (hard)
quartz-latitic clasts, and 2-3 percent rhyolitic soft-
lithic fragments set in densely welded, devitrified
matrix. Phenocrysts include sanidine, minor pla-
gioclase and biotite, with lesser pyroxene and
hornblende, and accessory magnetite. Predomi-
nantly light gray to light pink-gray, vapor-phase
altered pumice fragments increase abruptly from
5-10 percent to around 30 percent approximately
50 ft (15.24 m) below the top of the unit at about
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230 ft (70 m). Fine-grained, aphyric and porphy-
ritic volcanic lithic fragments are present through-
out the unit. Lithophysae are only weakly
developed and these are widely spaced within the
nonlithophysal zone, changing in form from
weakly opened vugs near the upper contact of the
unit to small, flattened lithophysae in a lower zone
from 318.0 to 322.7 ft (96.95 to 98.38 m) depth.
The uppermost vapor-phase mineral coating of a
lithophysal cavity occurs at a depth of 329.0 ft
(100.30 m). Vapor-phase alteration of the matrix is
pronounced, although relict shard textures are pre-
served locally. :

Crystal-rich lithophysal zone (Tptrl) and
Crystal-poor upper lithophysal zone (Tptpul)
439.2-728.8 ft (133.90-222.20 m)

The abundance of lithophysae increases
abruptly to more than 10 percent of the rock at
439.2 ft (133.90 m) defining the upper lithophysal
interval of the Topopah Spring Tuff. Scott and
Bonk (1984) subdivided this interval into a host of
laterally equivalent and vertically variable units
based principally upon color. The intensity of
vapor-phase alteration associated with the litho-
physae also increases with depth, and the densely
welded and devitrified matrix of the core becomes
pale red-purple. Lithophysae continues to increase
in abundance downward. At 439.2 ft, the core aver-
ages about 25 percent lithophysae that are approxi-
mately 0.39-1.18 inch (10-30 mm) in diameter and
exhibit pink-gray alteration halos. Rock constitu-
ents in the crystal--rich portion of this interval
include 10-12 percent feldspar phenocrysts, 0.5
percent oxybiotite crystals, and less than 1 percent
small, hard lithic fragments (red-brown quartz
latite). Nonlithophysal pumice clasts constitute
approximately 25 percent of the rock at the top and
bottom of the upper lithophysal zone, but diminish
inward and are absent in the center of this interval.
Pumice clasts up to 0.98-1.97 inches (25-50 mm)
change from light gray or white at the top of the
unit, to pale-brown at the bottom. Pumice clasts are
up to 2.36 inches (60 mm) in diameter in the lower
part of the unit.

Compositional transition interval — 454.7 to
468.6 ft (138.63 to 142.87 m): The core changes
gradually in composition downward through this
transition interval from brown, crystal-rich quartz

latite containing flattened and deformed cognate
lithics of more-grey-colored, crystal-poor rhyolite
to medium-gray crystal-poor rhyolite containing
flattened and deformed clasts of brownish crystal-
rich quartz latite.

Crystal transition interval — 448.2 to 485.2 ft
(136.61 to 147.88 m): The phenocryst content of
the matrix (excluding the deformed, cognate lithic
clasts) changes from 10-20 percent at 448.2 ft
(136.61 m) to only 3-5 percent at 485.2 ft (147.92
m). This change in phenocryst content corresponds
to a change in rock type from crystal-rich quartz
latite (Tptr) to crystal-poor rhyolite (Tptp). This
37-ft (11-m) thick interval contains the gradational
contact between the crystal-rich and crystal-poor
(informal) members of the Topopah Spring Tuff
(table 2). Elsewhere at Yucca Mountain, the crystal
transition between quartz latite and rhyolite occurs
at different positions with respect to zonal structure
produced by alteration phenomena, such as litho-
physae development. In such locations, the crystal-
rich lithophysal zone (Tptrl) may appear to be
absent. In fact, lithophysal-style alteration is sim-
ply restricted to intervals below the crystal transi-
tion interval; zonal boundaries thus cross-cut the
member boundaries.

Below 456.0 ft (139.02 m), lithophysae
increase in abundance with the development of
close-spaced, larger, ragged lithophysae that are
weakly coated by vapor-phase minerals. Extensive
broken or unrecovered intervals below 460.0 ft
(140.24 m) are most likely caused by presence of
lithophysal cavities that are several times larger
than the drill-pipe diameter. The existence of large
lithophysal cavities was confirmed by the down-
hole video survey. The intensity of lithophysal
development and vapor-phase alteration decreases
downward below about 600 ft (183 m). The litho-
physae gradually become thin, flattened, vuggy
cavities with thin alteration halos at approximately
700 ft (213.41 m) depth.

Crystal-poor middle nonlithophysal zone
(Tptpmn) 728.8-845.8 ft (222.2-257.87 m)

The contact of the crystal-poor upper litho-
physal zone with the crystal-poor middle nonlitho-
physal zone (nonlithophysal and “brick” zones of
Scott and Bonk) is notably gradational, and litho-
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physae are present through much of the so-called
nonlithophysal interval. The contact is identified
where the intensity of lithophysal-style alteration
decreases and is observed to affect less than 10 per-
cent of the rock mass. A 24-ft (7.4-m) lithophysal-
bearing subzone (24 percent of the total interval)
occurs within the middle nonlithophysal zone,
extending from 788.1 to 812.5 ft (240.27 to 274.71
m).

The rock is composed of 1-2 percent feldspar
phenocrysts, 0-10 percent flattened, vuggy litho-
physae, and minor quantities of small, light-gray or
red-brown lithic fragments; these lithic clasts are
more prevalent lower in the zone. Sanidine is the
most abundant phenocryst, with minor amounts of
plagioclase and biotite; magnetite is present as an
accessory mineral. The rock matrix is densely
welded and devitrified, with a more compact, less-
grainy texture than that present in overlying units.
Two types of alteration can be distinguished: (1) a
strong, pervasive, blue alteration with 17 percent
fuzzy, white, 0.6 inch (15 mm) long vapor-phase
streaks surrounding pumice clasts, lithophysae and
islands of unaltered matrix; and (2) a more speck-
led or spotted type of alteration consisting of 1 per-
cent white streaks and 0.28-0.31 inch (7-8 mm)
spots in unaltered orange-pink devitrified matrix.
Hairline vapor-phase silica veinlets make up as
much as 2 percent of the rock volume. Welding
foliation is not common except where the core has
been distorted by the lithophysal-bearing subzone.
Jointing is mostly vertical and joint surfaces are
typically smooth.

Crystal-poor lower lithophysal zone (Tptpll)
845.8—-1187.0 ft (257.87-361.89 m)

The top of the crystéll—poor lower lithophysal
zone of the Topopah Spring Tuff in SD-9 (simply
called the lower lithophysal zone, with several
color-based modifiers, by Scott and Bonk) is well
defined by the presence of somewhat diffuse, gran-
ular-appearing vapor-phase alteration of the
matrix, and by vapor-phase altered spots and small,
pinched, oval-shaped lithophysae that are generally
less than 0.8 inches (20 mm) in size; the spacing of
these lithophysae is wider than that found in the
upper lithophysal zone. Much of the core through-
out this interval is highly fractured or has been lost.
Fracturing and associated core loss are attributed to

the presence of lithophysae several times larger
than the drill-string diameter. These large lithophy-
sae, which also occur at other depths where smaller
lithophysae are not present, are well expressed in
the down-hole video survey. The abundance of
lithophysae decreases gradually downward.

The rock is densely welded, devitrified, and
composed of 10-12 percent white vapor-phase
replacement of flattened, wispy, former pumice
sites within 1-inch (25-mm) diameter pale, pink-
brown alteration spots, 1-2 percent sanidine phe-
nocrysts, 0.5 percent biotite, trace plagioclase, and
accessory magnetite. Small, pale-gray pumice
clasts, and pale-gray rhyolitic lithic fragments are
concentrated in lithic-rich zones from 1031.0-
1075.4 ft (314.33-329.87 m) and 1107.7-1118.5 ft
(337.71-341.01 m). Welding foliation is weakly to
moderately developed in the lower two-thirds of
the unit. The core is broken throughout the litho-
physal zone and the fractures are irregular with
rough surfaces.

Crystal-poor lower nonlithophysal zone (Tptpin)
1187.0-1365.0 ft (361.89—416.16 m)

The upper contact of the crystal-poor lower
nonlithophysal zone (mottled zone of Scott and
Bonk) is identified by a change of rock type to a
dense, less grainy (less altered) matrix and a
decrease in the abundance of lithophysae. As
mesoscale lithophysae continue to decrease in
abundance downward, the number of identifiable
pumice clasts, which range in size from 0.08 to
0.59 inch (2 to 15 mm), increases to about 7 per-
cent. The rock is composed of 2—4 percent pheno-
crysts, 2—-15 percent pumice clasts, and 2-3 percent
small, white rhyolite lithics. Sanidine is the domi-
nant phenocryst with traces of plagioclase and
biotite, and accessory magnetite. The number of
rhyolitic lithic fragments increases to 4-5 percent
of the rock at about 1253.0 ft (382.01m).

In general, the color of the matrix darkens with
depth; the upper half of the unit is roughly equally
divided between pale-red-purple and light-orange-
gray; the third quarter of the unit is a medium-red-
purple or red-brown, and the lowest quarter is
dark-brown-gray. This variation in matrix color,
particularly in the upper portion of the intervals

-produces a mottled appearance, leading to the older
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descriptive name, “mottled.” About 20 percent of
the matrix is unaltered other than for early devitri-
fication. In addition to producing light-pink alter-
ation halos and wisps and pervasive blue alteration,
vapor-phase alteration has healed microfractures
throughout the rock with thin (millimeter-scale)
selvages and created hairline coatings of silica and
accessory minerals. For the most part, welding foli-
ation is weakly developed. Nearly vertical and sub-
horizontal fractures predominate throughout the
unit, High-angle, planar, smooth fractures are more
prevalent in the lower part of the lower nonlitho-
physal zone.

Crystal-poor vitric zone

Densely welded (vitrophyre) subzone (Tptpv3)
1865.0-1418.7 ft (416.16-432.53 m)

The lower vitrophyre, or crystal-poor densely
welded vitric subzone, of the Topopah Spring Tuff
(vitrophyre zone of Scott and Bonk) is densely
welded and vitric, with coarse, black vitric spots
formed by relict cognate pumice clasts. Scattered
through the vitrophyre are 3 to 5 percent small,
rhyolitic lithics, 1 to 2 percent small, red-brown
quartz latite lithics, and 3—4 percent phenocrysts.
Sanidine dominates the phenocryst assemblage
with traces of biotite and accessory magnetite.
Lithic fragments are generally less than 0.08 inch
(2 mm) in diameter. A distinctive rectilinear frac-
turing pattern is attributed to the glassy composi-
tion. The style of fracturing changes from
predominantly subhorizontal fractures near the top
of the unit to vertical fractures at 1404.0 ft (428.05
m) associated with an interval containing large
blocks of vitric pumice. Strong, horizontal fractur-
ing is present from 1414.0 to 1419.0 ft (431.10 to
432.62 m) depth. Pale-blue vapor-phase silica has
been deposited on the major joint surfaces.

Moderately welded subzone (Tptpv2)
1418.7-1445.0 ft (432.53—-440.55 m)

The moderately welded vitric subzone (par-
tially welded zone of Scott and Bonk) is distin-
guished from the overlying vitrophyre in part by
the presence of subangular, orange pumice frag-
ments. This zone also is noticeably less welded
than the vitrophyre. The matrix is glossy, vitric,
and slightly more argillized lower in the unit.

The rock contains phenocrysts of sanidine,
quartz and biotite, light-brown vitric pumice clasts
about 0.39 inch (10 mm) in size, and small, light-
gray rhyolitic lithics set in a matrix of vitric bub-
ble-wall shards. A lithic-rich interval is present
from 1431.5 to 1442.2 ft (436.43 to 439.70 m). Vit-
ric quartz latite lithics averaging 0.39 to 0.59 inch
(10-15 mm) are prevalent in the upper part of this
interval and vitric, light-gray lithics are more com-
mon near the base of the lithic zone. Zeolitic alter-
ation first appears at 1432.8 ft (436.83 m) as a
waxy micro-recrystallization of the tuff matrix.
Dominantly subhorizontal fracturing is less intense
than in the overlying vitrophyre subzone. The
intensity of welding decreases downward into the
lower nonwelded subzone.

Nonwelded subzone (Tpipv1) 1445.0-1464.1 ft
(440.55-446.37 m)

A gradational contact at about 1445.0 ft
(440.55 m) separates the lower nonwelded vitric
subzone (partially welded zone of Scott and Bonk)
from its more welded overlying neighbor. The non-
welded subzone contains both vitric and zeolitic
rocks composed of 35-40 percent light-pink or
light-orange pumice fragments that average 0.20 to
0.28 inch (5 to 7 mm) in diameter. Pumice frag-
ments locally contain spherulites. The rock also
contains 2-3 percent red-brown, quartz latite lith-
ics (0.20 inch diameter), and 2—3 percent pheno-
crysts in a zeolitized, formerly vitric matrix.
Phenocrysts include 1-2 percent sanidine, 1-2 per-
cent quartz eyes, traces of biotite and pyroxene,
and accessory magnetite. The matrix is speckled by
about 2 percent finely crystalline black spots of
manganese oxide. A 0.6 inch (15 mm) thick, very
fine-grained ash fall marks the base of the unit.

Pre-Topopah Spring Tuff bedded tuff (Tpbi1
1464.1-1479.9 ft (445.46-451.19 m)

The pre-Topopah Spring Tuff bedded tuff is a
zeolitized unit topped by a pumice fall containing
70 percent small, dense pumice clasts, 10-12 per-
cent vesicular pumice, 1-2 percent zeolitic cognate
pumice, and 5-7 percent small, dark lithics in an
ashy matrix that grades downward into a bedded
tuff. The bedded tuff exhibits a sandy, reworked
texture, but retains a high ash content. The
reworked tuffaceous material is composed of 25—
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30 percent pumiceous and non-pumiceous clasts.
Many of the clasts have opaline color and con-
choidal or angular shapes. Approximately 35-40
percent of the core is cognate pumice and 3 percent
is dark, quartz latite lithic fragments. A coarse-
grained pumice fall is present from a depth of
1477.0 to 1479.9 ft (450.30 to 451.19 m), becom-
ing lithic-rich (20-30 percent lithic clasts) below
1478.7 ft (450.82 m).

Calico Hills Formation (Tac)

Calico Hills ash-flow unit 3 (Tac3)
1479.9-1764.4 ft (451.19-537.93 m)

The uppermost Calico Hills unit in this hole,
ash-flow unit 3 of Moyer and Geslin (1995), is
capped by a weakly reworked zone that probably
represents a paleosol. This pyroclastic flow deposit
is partially clast-supported and is composed of an
altered matrix containing 35-40 percent partially
zeolitized pumice clasts. The rock also contains 1—
2 percent phenocrysts of feldspar, quartz with
traces of biotite and sericite and up to 3-5 percent
lithic fragments of mixed composition, mostly of
quartz latite. Between 1483.7 and 1487.6 ft (452.35
to 453.54 m) in depth, the lithic content increases
to around 5-7 percent. The diameter of these lithic
fragments increases concurrently to an average of
0.31 inch (8 mm). Zeolitization increases down-
ward, becoming noticeably more intense between a
depth of 1572.0 and 1574.0 ft (479.27 to 479.88
m), associated with a crowded zone of larger lith-
ics. A lithic-rich pumice fall, also exhibiting
increased zeolitization, marks the bottom of unit 3.

Calico Hills ash-flow unit 2 (Tac2)
1586.1-1737.5 ft (483.57-529.73 m)

Ash-flow tuff unit 2 of the Calico Hills Forma-
tion is similar to the overlying unit 3, except that
the pumice content decreases to 15-25 percent, and
the lithic content also decreases to 1-2 percent red-
brown and red-orange fragments of varying com-
position. Pumice fragments are generally smaller
than 0.59 inch (15 mm) in diameter, but may be up
to 2.56 inch (65 mm) across. Phenocrysts, includ-
ing feldspar, quartz and minor amounts of biotite
compose 1-2 percent of the core above about 1600
ft (487.80 m), and 2—4 percent below that depth.
The matrix is heavily zeolitized, exhibiting an
orange-pink, gray color; the intensity of alteration

appears to increase downward. Subtle bedding
breaks in the form of very thin ash or pumice falls
are present at 1685.2 ft (513.78 m), 1704.0 ft
(519.51 m), and 1708.5 ft (520.88 m). At 1735.0 ft
(528.96 m), ash- and pumice-fall deposits form the
base of the unit.

Calico Hills ash-flow unit 1 (Tac1)
1737.5-1764.4 ft (529.73-537.93 m)

Ash-flow unit 1 is a highly zeolitized pyroclas-
tic-flow deposit containing 15-25 percent pumice
fragments, 3-5 percent red-brown lithics of vary-
ing composition and texture, and 3-5 percent phe-
nocrysts of feldspar, quartz and lesser biotite. The
proportions of phenocrysts and red-brown lithics
increase to 7-10 percent and 10-15 percent,
respectively, below a very subtle bedding break at
1750.1 ft (533.57 m). Yellow-gray pumice clasts
are generally smaller than 0.79 inches (20 mm)
diameter and increase in abundance to 20-25 per-
cent below 1750.1 ft. The matrix appears intensely
altered to zeolites and is an orange-pink-gray color.
The base of the unit is marked by a 2.4-inch (61
mm) thick pink ash bed.

Calico Hills bedded tuff unit (Tacbt)
1764.4-1803.4 ft (537.93-549.82 m)

The upper 3.8 ft (1.16 m) of the “bedded tuff”’
deposit that precedes the Calico Hills tuffs is a
heavily zeolitized ash-flow tuff containing 7 to 10
percent white pumice fragments, 10-15 percent
quartz, feldspar, and minor biotite phenocrysts, and
10 percent small, red-brown lithic clasts. The
remainder of the deposit is composed of zeolitized
pumice-fall or ash-fall deposits. The intensity of
zeolitic alteration decreases downward toward the
base of the unit. A fine-grained pumice fall con-
taining distinctive pale-pink to yellow-gray pumice
clasts is present from 1768.2 to 1775.1 ft (539.09
to 541.19 m), and is underlain by an altered, por-
celaneous ash-fall deposit. Two coarse-grained
pumice falls were cored between 1775.1 and
1799.4 ft (541.19 to 548.60 m). The upper pumice
fall has a weakly reworked top, is heavily zeoli-
tized from 1773.3 to 1780.6 ft (540.64 to 542.87
m). The unit is thinly bedded between 1776.7 and
1778.6 ft (541.68 to 545.26 m). The lower pumice
fall, the upper 6-ft (1.83-m) of which appears to
have been reworked, becomes coarser and more
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pumice- and biotite-rich downward. The base of
the lower pumice-fall unit between 1797.8 and
1799.4 ft (548.11-548.60 m) appears bedded and
has been intensely zeolitized. A thin, poorly sorted
pumice fall with a thin, reworked top extends to the
lower contact at 1803.4 ft (549.82 m).

Calico Hills basal tuffaceous sandstone (Tacbs)
1803.4-1820.7 ft (549.82-555.09 m)

The lowermost unit of the Calico Hills Forma-
tion was defined by Moyer and Geslin (1995) as a
red-brown, immature, tuffaceous sandstone. This
unit was encountered by the SD-9 drill hole
between depths of 1803.4 and 1820.7 ft (549.82—
555.09 m). The upper part of the unit to a depth of
1810.7 ft (552.04 m) is characterized by intervals
of subrounded, reworked pumice clasts in a pale,
red-brown sandstone. This interval is separated
from the lower part of the unit by a thin, dark red-
brown sandstone bed exhibiting load casts at
1811.5 ft (552.29 m). The lower sandstone interval
(1811.5-1820.7 ft, 552.29-555.09 m) is pale-red-
brown and contains 5-10 percent altered pumice
fragments. A fine-grained, thinly bedded interval
between 1813.9 and 1817.5 ft (553.02 —54.12 m) is
devoid of pumice.

Prow Pass Tuff (Tcp)

Prow Pass ash-flow unit 4 (Tcp4)
1820.7-1868.7 ft (555.09-569.73 m)

Ash-flow unit 4 of the Prow Pass Tuff is a fine-
grained, heavily zeolitized ash-flow tuff with yel-
low-gray mottling. A weak paleosol or weathering
surface is developed in the uppermost 2.3 ft (0.70
m). The rock contains 2-3 percent white pumice
clasts that are predominantly less than 0.39 inch
(10 mm) in diameter; 3-5 percent phenocrysts of
quartz, feldspar, traces of biotite, and rare pyrox-
ene; and 2-3 percent small, lithic fragments that
vary widely in composition. The percentage of
pumice fragments increases at 1841.1 ft (561.31 m)
to 7-10 percent pumice less than 0.59 inch (15
mm) in diameter; phenocrysts also increase to 5~7
percent. At 1845.8 ft (562.74 m) depth, pumice
clasts increase in size to as much as 1.97 inch (50
mm) in diameter, and phenocrysts increase to 10—
12 percent. Red-brown, angular siltstone lithic
fragments are commingled with the more usual
lithic assemblage below about 1845.8 ft. Bedding

breaks are present at 1832.7 ft (558.75 m), 1835.8
ft (559.70 m), and 1836.0 ft (559.76 m). A slight
increase in welding at 1860.2 (567.13 m) is possi-
bly associated with weak vapor-phase silicifica-
tion. Fracturing is dominantly subhorizontal,
except in the upper 16 ft (4.89 m) of the unit where
vertical joints are common.

Prow Pass ash-flow unit 3 (Tcp3)
1868.7-2015.8 ft (569.73-614.57 m)

Ash-flow unit 3 is distinguished principally by
the presence of vapor-phase alteration and incipi-
ent welding. The rock is composed of 10-20 per-
cent pumice clasts up to 1.38 inch (35 mm)
diameter, 3—5 percent phenocrysts of quartz, feld-
spar, biotite, and pyroxene, and 2-3 percent small,
mixed composition lithic fragments including a red
siltstone variety. The upper 3 ft (1 m) of this
heavily zeolitized ash-flow unit has been vapor-
phase altered and contains clasts exhibiting vapor-
phase replacement of cellular pumice. From about
1897 to 2012 ft (578.35-610.18 m), the tuff is par-
tially welded with a heavily zeolitized, microgran-
ular matrix. Large pumice fragments are slightly
flattened and rimmed by vapor-phase alteration
minerals surrounding a darker, typically vuggy
core. Small angular lithics exhibit hazy halos of
vapor-phase alteration products. The intensity of
vapor-phase alteration decreases beginning at
about 1930 ft (588.41 m). Below an interval of
noticeably decreased welding and weaker vapor-
phase alteration between 1989 and 2002 ft
(606.22—610.18 m), welding and vapor-phase alter-
ation are absent below 2012 ft (613.23 m). Irregu-
larly spaced vertical joints are common.

Prow Pass ash-flow unit 2 (Tcp2)
2015.8—2985.3 ft (614.57-910.15 m)

Ash-flow unit 2 is a zeolitized, nonwelded ash-
flow tuff similar to unit 3 except that the lithic con-
tent is higher, approximately 5 to 15 percent. A
pale-orange matrix exhibits brown alteration, par-
ticularly along the margins of lithic clasts. Partially
to totally zeolitized pumice fragments are 0.16 to
0.59 inch (4 to 15 mm) in diameter, undeformed,
and constitute 20 to 40 percent of the rock. Most
lithics are large, up to 0.98 inch (25 mm) in diame-
ter, and of a dense, red-brown igneous rock or red
siltstone. Two lithic-rich zones occur at 2018.1 ft
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and 2020.9 ft (615.27 and 616.13 m). A noticeable
decrease in average lithic size occurs at 2022.8 ft
(616.71 m) and the size distribution is bimodal.
Fragments 0.20-0.98 inches (5-25 mm) across
compose 1-2 percent of the rock, and clasts less
than 0.20 inch (5 mm) form approximately 2—4
percent). A subtle bedding break may be present at
2047.0 ft (624.09 m), where the phenocryst content
changes abruptly downward from 5-10 percent to
10-12 percent. Phenocrysts include feldspar,
quartz, oxybiotite, and pseudomorphs after pyrox-
ene. The lower two-thirds of the unit is more
intensely zeolitized, exhibiting patchy green-brown
alteration of the bulk rock; green speckles of zeo-
lite may be observed in the cores of pumice frag-
ments.

Prow Pass ash-flow unit 1 (Tcp1)
2095.3—2223.1 ft (638.81-677.77 m)

Ash-flow unit 1 is an essentially nonwelded,
heavily zeolitized unit, containing 25-27 percent
altered, subangular pumice clasts in the 0.12 to
0.39 inch (3-10 mm) diameter size range. The
pumice fragments are dense and laminated, and are
almost completely altered to zeolite; some frag-
ments retain relict froth structure. The rock also
contains 1-3 percent small, angular, red-brown
volcanic or red-siltstone lithics, and phenocrysts
comprised of 2-3 percent quartz, 1-2 percent sani-
dine, 0.5 percent pyroxene, and 1.0 percent biotite.
Secondary porosity increases downward with
increasing zeolitic alteration. Two ash-flow bound-
aries located at 2122.8 ft (647.20 m) and 2125.8 ft
(648.11 m) are marked by thin, ash-rich partings.
The SD-9 drill hole stopped short of the base of
ash-flow unit 1.
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Geologic Core Logs

The geologic core logs in this appendix are
reproduced in color at their original full scale of
1:120 (1 inch equals 10 feet). Full-size
reproduction means that the log sheets that follow
have not been formatted or numbered in the same
manner as the remainder of this document,
although the page count of this report is continuous
and the log-sheet pages are themselves numbered
consecutively. Copies of the original log forms
may be retrieved from the Yucca Mountain Project
records system under data-tracking number
SNT02052794001.003.

The log form (figure B-1) contains a graphic
representation of the actual geology of the core.
Bedding within reworked units, clasts representing
lithic fragments, lithophysal cavities, fractures, and
similar textural features are drawn in a “cartoon,”
but still highly realistic, fashion. For example,
large lithophysal cavities are drawn larger than
small cavities, and flattened cavities in the core are
represented as more oval features than spherical
lithophysae. Near-vertical fracturing is represented
by stylized fracture lines nearly parallel to the
depth axis of the diagram, as such jointing is nearly
parallel to the core axis in an essentially vertical
drill hole, such as USW SD-9.

The degree of welding, devitrification, and the
intensity of secondary alteration of the core is rep-
resented semiquantitatively by several parallel bars
of vertically varying width. A blank column repre-
sents “no alteration” of the indicated type; a fully
shaded column indicates “extremely intense alter-
ation.” This style of presentation can be very exact
over short core distances (feet to tens of feet) and it
allows relatively subtle, small-scale variation in
these phenomena to be represented quite precisely.
The gradational nature of several lithostratigraphic
“contacts” becomes quite obvious in this manner.
The representation, however, is not rigorously
quantitative, and a 3-mm-wide bar at one depth
should not be presumed to represent precisely the
same intensity of that phenomenon as a 3-mm-
wide bar several hundred feet away. Note that the
type of alteration indicated by a particular column
may change with depth to conserve space on the

log form; the column headings are kept consistent
over broad depth ranges, however.

Engineering and geologic information related
to the core itself is also presented on the log sheets.
Highly broken or rubblized zones are indicated by
a shaded pattern in the fracturing column, and
intervals of core loss are indicated by arrows
extending through the indicated interval of non-
recovery. The geology of these unrecovered inter-
vals has been interpreted through the intervals of
core loss where there is reasonable evidence for
such an interpretation (for example, down-hole-
video imagery or a relatively consistent lithology
in a known, thick geologic unit). Large intervals of
lost core in geologic units known from outcrop or
other drill holes to be highly variable vertically
have been left uninterpreted. Note that drilling sup-
port staff assigned lost-core intervals by conven-
tion to the bottom of the core run, whereas the
actual core loss may have occurred at multiple lev-
els during the drilling of a particular run. Quantita-
tive information (varying from O to 100) for per-
run core recovery and 10-ft-composite, drilling-
support Deere RQD values (from tables C-1 and D-
2) are presented in columns to the right of the geo-
logic descriptions.

The framework material properties, porosity
and bulk density, are presented in similar colum-
nar-graphic form to the right of the core-recovery
and RQD information. Saturated hydraulic conduc-
tivity information does not present well because
the wide (orders-of-magnitude) variability of this
framework property requires a logarithmic scale;
these values have been omitted from the core log.
Saturation values, however, have been included as
this information may bear on the identification of
geologic controls of perched-water bodies. These
graphic representations of materials-property data
contain quantitative information. Porosity values
are scaled from 0 to 70 percent, bulk density values
are scaled from 1.0 to 3.0 g/cm3, and saturation is
scaled from 0 to 1. The locations of changes in the
porosity and density of core samples clearly indi-
cate that the boundaries between material property
units do not correspond exactly to the boundaries
of the different formation-level lithostratigraphic
units (Tiva Canyon Tuff, Topopah Spring Tuff).
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Note: The color geologic log sheets that follow are single sided.

50 Geology of Drill Hole USW SD-9, Yucca Mountain, Nevada

e 2T R ., T



P T A

Od

~N
(@
(@
|

(Ladad1) auozqns papjamuou ‘auoz atijip UOAUED BAL[
.mn_mcmeo_s/m.m J-0ggl——-

YOBIG %G-E UIM Spaeys abuelo papiiaep Apjeem Jo ssewpunoib
ouyA ‘souayd sulpiues Asse|f %g-z ‘ww /-9 abeieAe SoIUl|  papjem
uMoIq pieY %1 ‘OUYIA YoB|q BIe %Gg pue (pazyibie) Aejo abueio  fienied o ot~ --
0} paJa)fe ase awos ‘ww op 0} dn Ing ww g sabeleae eojwund ’
a1eubod %p-g ‘oz1s ebeleae ww -¢ sonund sejnbue Aesb-yuid
WBIl %¢-G ‘Paplom Alieilied ‘OLNA (#/9HAS) umoig-abueso by Tl
(0'69-/°65) (zndody) auozqns papjam Ajeresapoui GG

‘(,8seq Apieys, ) suoz oL/ 1004-|pisAiD uoAuep eall \

0
o
o
'

*BA0QE UBY} (¢, poz)|ibie) paidjje aioW A[[eIsusb 'spieys 3oe|q
%02 0} %G-E Woij sapeib 0} (9°6/-0°69) 10eIU0D jeuoiepeld W

*abnob Ag|o oI} 100J-1°0 9ty

‘yidap 1984 /'S 18 BUOZ JNE} JOUIL MOJeq BUoZ 8seq

Apseys ojul spusixa aojwnd jo Juswaoe|das (oyj16.e) Aejo yuid
‘SPIOA 94NJOBI) BY)} U) BUOZ DUHA ,8SEq ApJeys, Wwolj sjuswbely
pajiw yim pajesy ‘painjoels Ajpeq xoo1 ‘sousyd suiplues ajum
o%b-€ ‘OUIIA pue Ylep Ataa Allsow solyy| aeuboo oz pue soiund
ajeuboo (1:G) pausel %9-y ‘payuIAep ‘papiam Ajgsusp o}
Aeresepow ‘(g//HA0L) Aeib-uey b (9°¢5) (ouydodl) suozqns
Jeuwinjoo ‘suoz jesAydouyijuop 10od-jeisAip uoAue) eajl

0
o
o
L

oy
o
o

[Q)]
(@]
o
Lo by p e Lo sv v by vy vy g4

(3}
o
o

(1evy ggg 1e
¥004paq 0} WwniAnj[e pue ||y ped [|up pajenusIsyipun)
‘uebaq BulI0d 810J8q 189} 9°ES O} PI|IUP Jowwey sem 6-gS

fild Ped 1INQ @ WniAnjly

—
o
o

lll||||IHIIIlllllallllllllallllllllaIIIIIIIIICJIIIIIIIIHIIIII

AISO¥Od |

-
Q3¥3A00N
0D 40 %
375 WO

NOUWINLVS
ALSN3A X1Ng |-

0000

A901039 (.=
ONIQ1IM
NOILD3

JIOH/AD i
WOD'INV | €00°L00V6/25020INS SINININOD

ONIUINLOVR
uojodlMASq

‘Qanvis

0'8181953 G'866L9L N
SAVNIGIOOD ¥vTIOD

v661 ‘LT 19qusidas :qai31dNOD
ré6L ‘61 AOW

ONRIVIE
‘NOILVAZ13

[OJIBA INOLVNITONI
VN

199} 1'€¢ee ‘Hidad vIOL

o9} 9'cLey

LO'g :uoisiap Bo1

9661 ‘st Aonuorp :ojoq 607
wioysbug sjpq :Ag pabbot
SaLIOLOIODT JOUCHDN DIPUDS

| ieaus

40

l) 0l=ul 8008

z¢
(0z1

6-0S MS ON8IoH
108[01d UJDJUNOIA DOONA







Sl 3

[——

q
<
—
q
!

‘Q3LAVIS

‘premumop Buisessosp pue %g-g 0} sdoJp Jusjuod pIeys yoelg ——— /°SelL

| T o |

ajaqn. —
ww g g'1e1-95¢el €10

-G abelaAe Jey) oIyl pley ayie| zuenb Jenbue o4z-1 ‘(¢ palele 7
aseyd-ioden Apjeam) slods pazy|ejshioal Azey uym xuew -

ouyA AelB ug spreys yoe|q si ssewpunolb jo %G1-01 ‘sousyd abnob -

0'8181993 G'866£9L N

v661 ‘L2 requiaidas :qaFdNOD
v661 ‘61 AOW

BUIPIUES BYIUM %G-€ ‘PIEMUMOP 831WNd DLA YoE(q Oju) Bulpeld SH0-1'2gl
‘ssewpunolb o} a[qisiAul AJeau ale pue wuw G abeisAe jey) L'lel
aojwind 8)eubod DUA %G-¢ ‘ww g Buibessae sojwnd Jeinbueqns Z107]
onjoaz yuid 1Bl %01 -2 ‘Papiem Apubils o} papjamuou N

‘OUNA (LN) AIB WBI(Z 'eEL-£ L2 L) Irensslul papiem AyblS

*ONRIv3Id

*%21-0 0} PIEMUMOP S9SEBaIoU]
u8ju09 pieys Moe|q ‘Xuiew paz||ibie umolg-pal uj spieys
or|q %G ssewpunolb ‘ww G- Buibeiaae soyy; el zuenb
Jejnbue pley %] ‘eNiolgAxo % 1> ‘sousyd aulplues auum %g- |
‘ooiwind Aeib-usaib Jyb)| %-¢ ‘W $-g abelaae Jey) suawbely
soiund onjoaz yuid Wbl %0 1-Z ‘}§N) MOJYSE POP|aMUOU “OLIIA
(2/94S) Aeib-pai ajed (6°01-6°G6) (AdL) gni ureunoly eoon

IOOISA *NOLVYNIONI
VIN

‘R18UEBA QLA MOBI] %G L-0 L UYlim ao1wnd paxiw ‘piemumop 00l
Jes1e0o Buiwodaq ||ey soiwnd upes wnipaw oju pIemumop
sopelb ‘sousyd suipiues aliym %G-p ‘Wil G-¢ Buibeiane 656

aoiwund Jejnbue apym J[ewS %/-G ‘papoddns-iselo ‘ainixe)
ouA-Apues ‘(g/9H0 1) ebuelo-pal ajed ‘eoeuns-osjed padojanap -

Apream (6°66-8°26) (P1qid1) yny pappaq jnl uoAued eall-aid €26

o
Ll
1884 1'¢¢dc ‘HId3A WIOL

10'g :uoisian Boq

Illllllllc?llllllll

“JoBIU0O |BSEq 1B |8} 8o1wnd 100)-1"0 L'88) —

I PLBY OLYA 8Je) ‘spieys Yor|q s] ssewpunolb jo o6 ‘eBbueio
sled 90z ‘Aeib 1461 %08 10 aoiwund psxiw ‘MojYyse papjemuou
‘ouUA ‘snoaaiund ‘(g'ZN) AeiB by ‘10102 Juslayip-8inixs) swes eowund

/ areuboo oA

palahe} wwos

*XQoe4-UN Aq paieod sainjoely yloows jybens 9'6L
Alan ‘ww 0. BuiBelane solyy piey sie| zuenb o4,z-1 ‘spleys
abuelo (onibie) paiale Ajjeiued st isal ‘spieys X3oe|q %Se-02
ssewpunoib ‘sousyd suipiues ajym %p-g ‘ww gz 0} dn aoiwnd
umolq sjed %01-Z ‘PapIBMUOU ‘OLIIA (Z/9HAQL) umolg-mojah
ajed ‘9'6/-0"G9 10BIU0D [BUOlEpRIb (8'26-0'69) ‘JU0D ‘auozqns
papjamuou (,,eseq Apieys,,) auoz oLjIpA UoAue) eall

9661 ‘g1 Aonuop :8jog 607
woysbug sipg :Aq pebbio]
SSUODIOCDT (PUCKDN DIPUDS

NOIVUNLYS
AISNIANNG =g
AISOYOd
aoy
Q3INOOTY
0240 %
325 OO -

ONITTIIM
'Hd YOdVA
ounoaz
Moy
o

J=
A%
(ozL

6-dS MS[) ©ONSIoH

FIOH/ADR!
3JOD "INV €00°100V¥6.2S0201NS

AS01039

4
e YAVASS AN NAVAVAL
:
40 T Jesus
) 0L=.l :BIPog

UoyoayIneq

SINTWINOD NQLUVRIZLOY

SAYNIRIOOD ¥vTIOO

‘NOIVAIT

1°949¢cLay

108[01d UJOJUNOA DOONA




- [_O[c0 ]
0O a9 =z Q
" 1 ¢ 5 3 o
- 41 38 3 3
[ 31 3 7 8 Q
B J o o 8
- - w =2 ~
’ -1 83§ ¢
& 0020 § % = 3
- 4 g °® = o
_ 4 @ _ @
o
- 1 % 8
- 1 3
pAOIUN G802~ 06 | - 1 ®
06107
_ - g 2 3 @
*10]09 u| abuelo-mojjeA ale yey} sownd B 1 0 m 2
oA uoAue) Ued abie| ‘leaidAl uum Xujew umolqg-pey —————— €'G81L B T o € W umv
| _ . ﬂ m bt >
- 4 T z -
pAoIUN €°G8L-L7LLI1 u 1 R § € &
o810 8§ 7 N
- - - = o
| - 1 8 g
PADIUN 0'9L}E-9'VLH | N 1 - =
-1 88§8%
. "SaMey} sjiolq HoBIq ' 0107 U s Q@ W
%g-| ‘sousyd aulplues ysal} %G-¢ ‘Wil o |-g abelane PAGIUN 069 1-2'991 - . w 3 2 -
ey soyy prey Jeinbueqns syje| zuenb umolid-pal ) S 9o g
Yep %l ‘0791 mojeq (¢en]09z) Aslen usaib sswoosqg — i g o 53
ey} aojwind wuw G-g L pateultel-Ajauty o1saA Aesb 049} - - 2 &5 8§ 3
‘paw (2) ‘soiwund wuw g1-g asuap Aeib Wb (1) :fepowiq [ 7] ,m - @ W
‘abuel 921 W Gp-¢ ao1und auya Aeibpaw -ybi| %408 _ - = o 5
-Gz} mojyse snoeojwind ‘OLIA ‘PaplemuoU (Z/ZHO ) o101 ¢ € §
PoI-YoUQ WO (1 L22-£2G4) (AdL) ynL uokueg yed —— /. /q - 1 3 3 m
1N} paylomal £'/G1-2"95 | - 1 o 3 @
|le} @o1wnd 1600 £°9G1-4'SG ) - .
you-sound 8'y51-2'¥S1 - .
‘PIEMUMOp S8SBaI0U| N 7]
Jusuoo aojwund ‘wiw gz o1 dn azis 1abie| Aybils ‘@oiwnd %402 _ .
-G1 §'ev | Mojaq ‘(Xg) spaq ao1wnd iy youl - Aioje|jioso 0S10] 2@ © =T =
gevi-g'evl (¢pazinbie Alaresspolu) ‘xurew Appnuw uj spieys N 12 8 2 §
3OB|q %E-g ssewpunolb ‘ww H-g abelane Jeyl solyl pley = 4 2 o W 9
ame| zuenb ytep % ‘elloIq %> ‘sousyd suIpiues %zg-| ‘ww B T e = Q =z
G- BuiBelaae sojwind senbueqns Aelb ub) %Ge-G2 ‘pauoddns speq mo_.E_._a I ' 9
! -1sB)9 ‘ouia ‘snosoiwund Alubly (2/94AS) sbuelo ue} by gevl-eevl - 19 3 m =1
_ W J1, (£°£61-6°0¥1) (€1q1dL) 4N pappag JnL UIBUNOW BoINA-9id 6°0% —P> _ N = = g
2 2 3 B B ol 3 o= |5 Wi 8 R L 3
c 5§ %82+ S EIEIEI2I8|E 5| ° Q8
g z = w m S FIOH/AOR . ) 3l g3 w = 2[5 3 o 2
=z g & RO IV €00°1006.25020.LNS :NLA sinannos | | B § [ Nomvaany




T A 08¢0 o
i - 4 8 8 % o
-a1Aydoayia Jabuoj ou - 1 2 m m m
‘premumop Buisealoul A)SUsiul Uim ‘uoieauiaap aidioul o e C 1 B o 3
“OuNA “pasny Ajosusp (z'68p-1 2/2) (,popunos,) (undy) PN 8'9LETELE e S 9
auoz jesAydoypjuoN yory-jeisAio buuds yedodoy 1'22 C N m Q
' sie|ueA 20IS 9'L/e N 1 8 mw m 8
T 4 'spulof 198(es uo Buieoo eseyd -1odea anjq  usyoiq £°0/2-8'692 0/z0 8 & <
afed uiy ‘1-2/2-9' 1,2 wouy aihydoma xoe|q ‘9" LL2-L"892 9'992 N 17 32 s 2 4
woJj ahydoma pai ‘sousyd aioIgAxo 9| pue Jedsps) auoz _ 1 ¢ _ & °
1 %02-G | Yum you-[eishio ‘ouna ‘pasny Alesuep (1 '2/2-9'892) paisius B 4 8 3
/ (1andy) suozqns ,,a4Aydouya yooudea,, buiids yedodoj ” ] & &
. '9°'892-1'992 1e (zA41dlL) 8u0zqns papjem Ajajesopow 0] POMIUIS Alpow - 1 R
| 4l Buibuojaq [eAalu) pasaluls o) Josinoeld ‘passjuls Ajelesepow  Snosdjnd 1|9z - 1T o4 = @ m
ﬁ 01 Apjeam ‘Xurew sy pue soiund Aeib sbile| Jo %06 0920 S & m ]
-0g 0} uonoeyy ao1wnd Aq pajeujwop g:g9z ‘siuswibel) Jenbue = 4 F w g 3
{ jlews yum snoaoiwind asow |19z ‘sniely oiposids ‘mojaq S9BUNS - 7 m 2 @ 9
puE 9A0qE SWES X901 JO aINjxa} (¢ |osajed) suoz sojwnd lososjed g°g5e 1 =z g =
pue Aejo suid ww og §'gGe ‘sousyd alolq %g pue sulplues 1 o < = &
%2-} ‘WW G Jnoge SoJu| SLNA YIep aiel ‘salyl| piey aie| 9 1 8 8§ 5 5
» zpenb umoiqg-pal JeinBue -qns WW /-G %g-g ‘W gL o} dn \ [~ 4 £ 8 >
i aoiwnd ouyA Aetb Bl %G L-g | ‘Pap|amuou ‘LA (9/9HA0 L) =] G0l 3§ 3
! abuel0-mo|jok oW (9°992-9'252) (canidL) suozqns AOEH :wm_m_%w_wm - 1 & &
l m papjamuou ‘auoz oL yaiy-jeisAio burds :maoammd 01oAOP ADEoM 6-Ghal—— “ N
» *(pourels lk“ ] im Sm im g
T alewsy Apjeam) aoeuns [ososjed padojensp Auood |74 o < Q W
T 6'S¥2 ‘1819WeIp Ww 02-G 8o1wnd aiymM 9SIB0D %06-G8 - g 23829
‘I1e} eonund paulelb 8s1e09 ‘g'0ez 1. |8} aoiwund oju) umop - ® o g g
Buipelb 44n} snosoiund pappaqg pasiomal €°1e2-1°L22 1 § 2% 7
‘sousyd 8}110Iq %g PUE BUIPIUES %G-E ‘XUIBW pPais)e 4 2 88 3
q oyibre umoliq B ui Spleys Yoe|q %SG-1 (pasiomal Apjeam . 7] m -0 =
Aqissod) ssewpunoib painixa} Apues ‘soiuy ee| zuenb [0S08Ed xmm@ i 2o 1 = m 8
o 1enBuEqns %P~z ‘ww g o} dn soiund ayum-Aeib Jubly gz |IEHSOIUNd 8°0ET o] ¢ @ Q
-0z ‘snoaojwind ‘papjamuou ‘OuyA (L/2AG) AeiB-umoiq 1ubi| ] 2 w m,
(9°252-1°£22) (21q1dL) #nL pappag #nL uohueg yed-aid (WEad, 1 @ 3 3
LOU0Z UM, | ]
y uofueg yed &'z} -
4 220] 2 % T =
) *aA0Qe Uey) snosojwnd alow yonw pue 1% 2 7§ §
18YJ0S ‘aunz sjym uoAue) yed |Jeseq |'/g2-6'cge ‘sousyd J ® = 0o
! 311010 %OB|q USB)} % | PUB BUIPIUES %G-E ‘SOlUll| Piey slel s = 2 Z
zuenb umoIg-pal W g1-8 Yep %e-| ‘eouund abuelo . I = c
. -MO[|9A WO %0g-G2 “MOJIUSE JLIIA ‘PBPIBMUOU ‘UMOI] - 19 2 @ W
. ] -pal Youq WNIpaw (1 /2z-/'/G1L) W03 YnL uofued yed — ~ s = =)
© @ [ 1 w o =
£ g 8 AHHHBEEARERE:
S g & 5(g1z(8|818| % ]
S =z S TIOH/AORY : . =|z|8|z|2|5| 2 Ne)




Od

. “(resAydoupyy
Apjeam Aloa) mojaq uowwod sBna [lews ‘aip sesAydoyl

‘aesAydouyl| peusney ul Buiyeos aseyd-soden Jsowsaddn

I} '8 1€ MO[B( asusiu| 8I0W ‘0dpIA

8|oyaloq uo sesAydoyyy "elp 100}-2< 0"Z L€ ‘luawdojarsp
[esAudoyyj pasealoul Jo 8uoz /°Zgg¢ -0'g1LE ‘auoz uonisuel)
[euosodWoD 8y} pIEMO} PIBMUMOP S8SBaIOoU] UONOB.Y
OIUN| Jos ayi[oAul ‘uoneziessuiwl eseyd-iodea Aq paoe|dsi
llem-o}-AjereiapoLu solu| Yos apjoAyl Aeib bl %e-z ‘you
-je1sA10 pue pazi||eishioal Ajsyelapows ale solyll| Jos alie;
zuenb 01saA $$9) 0110X8 %G -0 ‘uoiezieiduiw eseyd
-lodea umouq B Aq pazijieisiioal Apjeam aojwind *oiSaA
(e|qisiaul Aesu) eyeubos o,0g-Gz ‘emoigixo Aladdoo

% ‘sousyd auIPIUES %/ |-G| ‘Olqe) pausiiel} UM 4n} Mo}
-Use payLiAep ‘papiem Ajesusp (2/GHS) umoid-pal JybiT

198} 0°86¢ 40 Yidep Je Buipe;s 10joo 8100

a1 suayby uoiessye aseyd-rodea ‘premumop Buisealoul
Aususiu) [esAydoyl ‘ssewpunolb o} 9|qisiaul asimIsYio Ing
$3109 Ayjoyy se Jeaddeal, aoiund [eskydouy Apjeam Aiap

*SJo|uIdA
201s aseyd-1odea yeam ‘sayey aljoiqhAxo %] ‘sousyd
aulpIues %/ |-G| ‘uopeziessuiw aseyd -1o0dea umoliq

Wby Aq pazij[eisioal Apjeam ‘sBna pausdo Apjeam se Ajuo
s|qisia soiund ajeubo? %G-g ‘pauIASD ‘papljam Ajasusp
(2rpH01) umolqg-pal pa (2'684-0°182) (,papunol,) Juod
‘auoz 1esAydoylijuoN yaiyg-eisAio buuds yedodoy

usxolq ¥°/.g€-0'9eE

0'ee
6'6cE

pAdlun /'02e-6'81E
0'8le

us)olq 'gie-8'LiE

pAdIun g°GOgE-L'€0€

us)oiq 2'g0g-S'10€

c'L6¢

pAdIuUN g°/6S-1'E62
usM0Iq $°€62-9° 162

ua)0l.q g°062-8'88¢

SIB|UIaA ZOIS Yeam

ao-

NOUYNLYS
ALISNIA YIng
AlISOYOd
QN0
0D 40 %
375 00 s

FIOHAOR
RNOD IV €00°100¥6/25020LNS :NLA

SINININOD

T
[
L)
32
(&
| I

<<
o
o
Ll

1111938

o«
)
o
'l

IIIIIIIIHIIIIIIlll(jllllllll

Y I S Y Y I |

-0Z€0 ]

ot
(12}
(@)
|

lllI||IIHIIIIIIIIHIIIlllllldllIIIIII
[0 [
N (3]
0 0
1 1

A901039
ONIQ1ZM

08¢0

ONIUNLOV
ucypayiAeq

Q3RS

SIAVNIQUOOD ¥V11I00

08L8l9G3 S'866L9LN

ré661 ‘LT 19quisidas :Q3131dNOD
ré6l ‘61 AOW

et satefi sttt

‘ONRIV3E
‘NOUVAIT

IOJWBA INOILYNIONI
VIN

1934 1'€2cT ‘Hld3a vIOL

{884 9'¢Ley

uoisiap 607
AQ pabfo]

10'¢

9661 ‘gL Aronuor :8jog 6ol
woysBug ejpq

S3LI0IDIOGDT |OUOYON PIPUDS

40 G Jes8us
1).0L=4l 8023

.
.

143
(oz1L

6-dS MSN ‘ONeleH
108[01d UIBIUNOIN DOINA




Od

pA3IUN O'611-6'9 LY,

‘sainioey) uo padojanap aesAydoyl) jeld L'2et-0' LLP
usyo.q 5'601-2'80%

"seyoul 9-g yora sesAydoyy| pazijeishioal [eao (,}) lews —————— 140
"Juswdojanap [esAydoyy| paywi| Jo suU0Z L'y0b-1'66€

pAdIUN $°E6E-1°68E|

us)o.q 1'88g-¢'98¢

pAOIUN 6'¥8E-9°E8
usx0iq 9'€8e-L'c8

"soMe|} dH101qAXo
Ateddoo 9] ‘sousyd sUIPIUBS %G -2} ‘PIemuMop
S8sBaloUl UoiORI) O1UY| a)ijoAyl ‘uopezyersulw aseyd . .
-10den Aq paayje AjBuoiis sl 1os anoAys Aesb by PAMUN 9'GLE-veL
%E-g ‘uonelale aseyd-1oden Aq pazi|eishioa) Ajresspow  USMOIA ¥eLE-6HL
SOIUY| HOS umolq wnipaw Jood-[eisAio o1joxd %G L-01
‘uoneziessujw sseyd-rodea umouq Wby Aq pazijeisAioal
Apjeam soiwund (lesAydoy) psuado Apjeem syeubod
%,0€-G2 ‘ssewpunolb syef zuenb you -jeishio ‘ainixal  PAJIUN |'89E-1'GY
001 pausHel} UM 44Nt MOJJUSE PaliASp ‘paplam Alasuap
(2/548) umoig-pal Wb (2'66-0°L82) (pBpPUNO,) (JU0D)
auoz jesAydoyyjuon yoiy-jeisAio buiids yedodoy

-aoiund jesAydoyyy pauado Apjeam Atap 8'65

pAdIUN G'9GE-6'ES

NOUWINLYS

AUSN3A N

MISO¥Od

3713 YOO 1=

JIOH/ADRI

ROD "INV £00°100¥622S020LNS :N.LA

*SINFNINOD

AS01039

ONRINLOWA

ONIQIIM

uoyoojueq

[.0ZP0
L 1 o g =z Q
C 1 ¢ 2 3 8
=4 =1 )] W
C 1 8 8 3
= — -~ o)
N 1 2 s 9
L 4 9 o
i~ - w W m m
-1 88 ¢ ¢
pe— @1 pid
L 0Lv0] § 2 = 3
- - m. - .nv m\.u
- 1 o ° °
L I A
B 9
- - 0
| - Y
C00y0~]
= = [v=] m
- -1 O =z —
- 1 223 %
L 1 o g & Z
- 1 3 2 © Q
K 1 N < = o
N [0) =
— Ny > N
(0680 © & N}
L | ﬂ Q o
- - m
I i
RN
_08€0] U s8 g
- - g a Q a
_ - 0] o O =
- | . I = g
- ] g v o 3
B 2 6 2499
I Y
- - — =] O
— ] o a ©
-0£€0 - — 2 g
L ] % ] o
- - o 3 @
- - w
[09¢0] ¢ g F &
- 18 8 &8 §
- 317" ® z «a
— - o = Q =
N . L= 2
C 19 @3 @& 2
- ] = = 5
— -— o
s|le 0580 | & B £ 5
ZIZE(R|TI®M e U §
= Q o m 1 Q
z|[®|65]| 2 oo
NOUWV3NY




o 1 1 0 e e

PADIUN °681-G'G8Y

(e'82/-2°68y) (Ind)dl) USOIQ 0'06Y-G'S8Y

auoz jesAydoyyr 1addn 1004-1e)sAio bulids yedodoy

Jaquiaw
Jood-jeisAio 0} Jaquiswl You-[eisAio

PASIUN Z'y8Y-0'08Y

:10BU00) Ajewixoiddy —UH0IQ 7'y8Y-8°6L

‘Mojaq ssewpunoib

aj0Ayt Jood-jeishio Ul 9%G-¢ 0} aA0qe ssewpunolb a)ie;
zuenb you-jeisAo ul %z L-0 | woly sabueyo jusjuod
1shioousyd (g°681-2'gb¥) 1easdpul uoglsuely [e}sAID

\

SellIABD

u)oIq 6'8L17-9°'9LY
"‘PAOIIN Q'L L1-8°9L Y
apsAydouy ebio)|
AoA 0'86V-0'LLY
usyoIq 9'SLY-C VLY
apsAydouy ebio)
NaA OV Ly-0'CLY
pAOIUN §'ELY-€' 691

[esAudouyy ,snoulaaes, Jo ynsal s|qeqoid mmcoNM usNoIq 0'89Y-6'991

PaJBA038IUN-USHOIQ DAISUBIXS (PIleMUMOpP-0 03

‘WY UoneIBYE 8n|q WL € 0} BUoU UM ‘sfelauiw
aseyd Jodea Aq pajeod Apieam sesAudoyl pabbe.
1ab1e| paoeds-as0[0 ‘auoz jesAuydouy Buolls 0'9sH

1

‘alje] zuenb

Uou-[e1sAIo Jo SOyl Hos yum ayjoAyl Jood-jeishio Aelb
wnipaw 0} ‘ajijoAyJ Jood-[BIsAIO Jo SOIY| YOS Yim slie|
zuenb you-feisAlo umolq woyj uojysodwod ul sebueyo
(9°891-/ '¥G¥) 1eAIB)U| UOISURY) [euOlisOdWwo)

*SWI UOKeIBYE WL $-& YUm ‘paoeds

-850[0 ‘Ie|nbali ||ews awoosq aesAydoyy) ‘Alsusiul
[esAydouy uy esealoul G2y ‘sanaeo [esAydoyy

(109} £-g) abue] Aian smoys 0apia 8|joyaloq ‘solyl

pJey umoig-pal |lews %> ‘@inoigqAxo %G 0 pue sousyd
Jedspis} %z 1-01 ‘(ssewpunoib Jo olqge) Yum psLulojep)
SOIUM| YOS S|0AY) J00d-[BISAID DHOX® %SG L- %04

‘sojey uonelsalfe AelB-yuid yum ‘eesiydoyl ww og-01
%82 -%0 | ‘Hn} MOYyse YoL-1ejsAId PayLiIASp ‘paplam
Aiesuap (2/9d4s) s|dind-pai sjed (2'6gp-z'6€¥) (111d1L)
auoz jesAydoyy1 yoiy-jeisAio burids yedodog

ayljoAys snoaojwnd jo uonezieisiioal sseyd-lodea

U] 8sealoul ‘auoz uopisuel; feuonisodwos Buesu
‘%0€-G2 0} Sasealoul Uoljoel} dIul| HOs aljoAy 'y
‘anoqe Paquasep Se (Z'664-0°L82) (.pepunos,) Juod
‘auoz jesAydoyyjuopn yoiy-jeisAig buuds yedodog

*

PADIUN G'G91-0'E9Y
pADIUN |'091-G'6SY

usy0oIq G'59F 0'6SY
aspalou) ssoyd

lodpA 0'691-0'6SY

auoz "ydoull 0'9SY
L'vsy

PAQJIUN G'0GY-2 8V
1474

sespalou] Ajsusiul

ydoul g*Zvv

apsAydouy
obin| AlaA-G' |1y

[A1%%

pAdlUN 9'8gh-L'Leh

SOyl aoAu
10U] 8'STY

NOLWUNLYS

ALSN3AMING =

AISOY¥Od

d343A00N

RO 40 %

y
(@]
g
R

FIOHADRY

RO "INV €00°L00¥6.25020.LNS :NLd

‘SININWNOD

A201039

ONRINLOVA

ONIdTIM

uoyoayAeq

0670 _|
R 1 o g = Q
B 1 0 28 v @
L 1 2 7 3
= - -~ 0
- 1 3 s 9
- J 2% 2 ¢ =
C08y0_] m - 3 3
- - o © I o
L 1 @ )
= —_ o
- 1 % 8
B 1 2
- - o)
N 1 =
C0/v07]
L a = = @ m
- 1 S8 ¢ &
C ] 2 2 3 3
- 1 o § & 2
m = ©® O
- .I M W by
H H INGE- -
4 8 § 5 8
C09v0 ] w & N
N 1 = ¢ o
- - hy
- 1 & &
- 188§8¢
0G0~ o < Q Q
o ® g
- ] Q s o
_ . 0] o o =
- - . I = m.
_ - a o 4]
3 M g S
| ] 5 @49 a
B : 2 ® 7
= - — 5 O
= — o Q Q
fovv0] - % g
» - % o nuu
- 4 2 3 3
L. - w
oVl « g F =
_ 4 @ Q o) Q
_ 4 9 @ 0
- — - ot N O
| 4 N = Q £
N d o F C m
T 1% @ @ 3
N ] = = 5
] = ns)
0o | & R L 3
o U &
[w) - 1 fo]
3 o

-—




AUSNIA ATnge

NOIVINIYS

T ) PAOIUN §'09G-€°69 [ 0950 ]

9lqgnl §'095-v'8S o —

ﬁ 8jaanl 9'£L5G-9'9GS r 7

PAQIUN 9'GGG-9'7SG n ]

T IT 0G50

PAOIUN Z* [§6-6'77S _ N

"SNOIACO SS9| ‘pals)e y [ _

2JoW ‘I9|[BLS 8B SOIUYI| YOS ale] zuenb you-eishio SOMOIO ABA- O = .

6'0¥5 MOIS] ‘6'0pS O} ANLIHUOD WLl G2-0g 0} dn sojuyy PEBICES MO OEDa N .

yos aje| zuenb you-e1sAio umolq ‘solyl pey senbue SIGAN! &'t/ * B n

4 aNjoAYl AeiB wnipaw 94 1> ‘Usas aM10iq ou ‘sousyd 1aqn! 6°0vS-L'0vS —OvSo]

b aujplues %,g-2 ‘patalje anjq Ajaaisealad ssewpunolb - ]

%08 ‘ojey uopelslje eseyd-iodea Aeib-yuid by ww G1 0} - -

dn ‘spelsuiw Alossasoe pue oIS aseyd-lodea sujeisAio  PAIIUN ' LEG-6'CES N 7

AQ pauj| sailiABD JB[NoIIO PapMOID ‘Wil 09 ol dn abuesr  8jadn! 46'L£G-€'2E — ]

azis apim Ul AAeD [esAydouy| S1 SWN|OA %001 0 %/ L-G| - -

4+ ‘08pIA 8joyaloq ul eeshydoyy) ebie) Algp ———— — 0°0¢€ Hlommom

pPAOIUN |'0ES-2'9CS o .

Ol elo] y B 7]

- Zuonb 9'0-£'Se r ]

0 -

- 02s0]

0150

*ABAINS 08PIA 8j0Y-Umop AQ paLLIyuod pAolN §TLLE"1'90 - 4

: - : s|IqanI g L LSS - -

oesAydoyy| .snoutsaes, 1sabbns sauoz palancsaiun 1Aq S°LLS-5V0 - N

-UB)01q dAISUSIXS ‘SOIU| PJeY SUEP J[BWS %I ‘G0l pADIUN 9'§0S-6'008 _ -

pue suiplues Jo mocmr_a %32 ‘W L1 oy dn SOIUNI UOS  giggni 9°'€0S-£'00S _ = -1

| b ale| zuenb ¢4,01-2 ‘patale an|q AjAisealad ssewpunolh N N

10 jie ‘sferauiw aseyd-1odea Aq payeod stousiul leshydoyy |-00S0

Jsow ‘pazifessuiw sseyd-10deA s)ium ww G-g AQ PAWWIN  paSIuN 1'gaY-6'S6 _ B -

s8100 201wnd Ayjol) pazijeisAioal Jo Sjolal JUBpUNge SIqaN! 1'86Y-2'S R u

‘aesAydouy| pazis Wnipaww-o}-[jews pabbes Jenosio - —

pa0eds-a9s0|0 %0E-%G2 ‘PaiuUNASP paplam Alssusp  giqant peeb-€' LoV _ ]

(2/9dds) sidind-pai ajed (g'gz2£-2'68p) oo ‘(indidL)  paown z'z6v-¢" L&Y = -

L3 ( auoz jesAydoyyit +addn 1004-1e1sA10 buds yedodoy, - N

S REX Q ®o| x ol|lSsS| = OO?O'
5882 ¢ S12IE|E|5|15|18| ¢
= 388 TIOHAORI : : 815|138 (=|2|5] 2

o2 RO "INV moo. 100¥622S020.LNS ‘N.1d SINFNINOS < z S [ NOIvaInv

‘Q3RVIS

‘SAVNIQUOOD YvTIOD

0'8l81953 G'866/9L N

v661 *£g Joquisides :Q3131dNOD
r661 ‘61 ADW

1994 1'eece ‘Hldid ™IOL
IOOWSA :NOLUYNITONI
VIN *ONRIv3d
‘NOLVAZ3

1984 9°¢Lay

uoisiap 607
AQ pabbo

'SS!JO,lDJOC]D‘l [DUOHDN DIpUDS

10'¢

9661 ‘g1 Aonuor :eppg 607
wioysbug ajpg

40 g Je8us
1) 0l=.l :epos

6-0S MS oN oK

45
(ozL:

[

108[01d UJDJUNOIN DIONA




pA TR R .

f ¢ |4 | B ) ‘premumop (papmold ssa|) Buisearosp -0e90 _

» < Ajsuaiul sesAydoyy ‘sojey uojjess)e aeseyd-todea . N i

Ke1b b1 Aion SI %0¢ ‘PaIS}BUN SI 4901 JO %0 L1439 A - -

8[qan 0'0e9-0'61 - ]

H 4+ 4+ H "}8) €| 1L 0) umop aesAudoulll  paomun 6'929-0'61 _

ab1e] A19A SUIBJUOD 0BPIA S|0YSI0q ‘premumop Buisealoap 0290

» | s Ausuayu; sseyd-1oden ‘paoeds-asojo ‘i9)jews seshydoyy] ———9'/ 19 - 7]

PAJIUN 9*L19-L'VL L -

| $ glaan1 9'L19-G'vL B ]

ﬁ -]

f [ b - -

1L L PAOIUN 9 | 9-G'60 - ]

4 8|qqni 9' 1 19-e'80 ~01907]

4 L ] b —

L L 4 ” H

T T PAOIUN €°209-9°009 -]

1Y [ Y I B A 8jqqni 17'209-¢'009, ]

! C0090

‘premumop Buisesroap Ajlenpelb Aysusiul aseyd-todep L i

Tt PAOIUN 19651 65PNk 4 I

M 8laan! 7'965-6'€69 C -

» ¢ = -]

.gﬁ T .ﬁ T #T 06507

P .ﬁ [ L ) m m

PAOIUN 6'78G-17° L8 N _

» | : 8laan! 6'v85-G'08 [~ ]

INEREI - 0850

» . b PAOIUN 8'9/8-1'9/G = .

|lqani €°££G-1'9LS| K u

* Y 8lqqn! 9'G/S-€'GLS| a ]

€} 12-0°0€5 Wolj 08plA 8joyaloq ul . . B ]

paniesqo sesAydoyy ebie| K1an (;enoAy) passye) soyy  I9ANY L'SLS-9'vL L -

(VL W prey sejnBue Aeib Bj) jjlews % 1> ‘ajoiq ou ‘sousyd PN 9'7LG-G'69 - ]

2 (4] 4 UIPIUES SJIYM %E-2 ‘SOIUM] HOS ale| zZuenb %g-¢ ‘paisle  SI9ANI €°695-v°89 0460 ]

an|q Ajaaiseasad s| ssewpunolb 9,68 ‘uonels)e Aelb-yuid - 7]

b1 ww g1 0} dn Aq pawiw ‘uoiezijelauiw sseyd-lodea » ]

auleIsAio ayum Aq pauj ‘ww g9 o1 dn abuel azis apim Ul PASIUN §'£9G-G'29 — —

sesAydouy| Je|noui0 PSPMOIO %/ L-G| ‘PBYLIASP ‘PBPISM  gia0n) 9+ /05-9 |9 | C N

Ajasuap (2/5dys) sidind-pai "paw (8°82/-2°G8%) 1U0O B -

» [ ¢1,9, ( ‘suoz jesAydoyyy Jaddn Jood-je}sAin buuds yedodoydouy 6| 0°'0/9-0°GE B ]

L = 2 B BI:nN Q Ol = ol s OOWD|
5 588838 SHHEHE IR
g 22 38§ JIOHADRY ) . 8|5|13|8|z|F|5]| =

Q3RS
SIAVNIAIOOD AVTIOD

08181953 G'866/9LN

v661 ‘LT 19qwsidas :aalF1dNCD
v661 ‘61 AOW

‘ONRIV3E
‘NOIVAITE

[OJIBA INOUVNITONI
VIN

{88 '€ H1d3a vioL

1924 9¢lay

LO'g :uoisian Bo1

9661 ‘g1 Aonuor :eypg 607
woysbug sjpg Ag pebboq
SOLODIODT [DUCKDN DIPUDS

40 6 Ie8ys
1) 0L=ul ‘8Ip2g

6-0S MSH oN eoH

4

(ozL
$08[01d UIDJUNOA DIDNA




PADJIUN Z°00/-2 669 0040 ]

e|qqN 2'00L-1'86 - ]

PAO3IUN G'969-2'6 _ N

06907

PAOIUN 9°'/89-€'V89 - ]

. 8lqan! 9'£89-0'€89, L -

adeys ,pajieued, Jo B il

sua| [eoltaA 0} pazaanbs uaaq sey jey} sesAydoyy 1ebie - -

[euoiseo00 ‘ssewpunolb Auielb ‘Jeploq uoneisye an|q wuw C 7

1 Uum ‘uopesayje Aesb-yuid Jo sjods Jojewelp ww /-G 08907

‘eoiund pausyie|) Bujoe|da. sjersuw eseyd-1odea Jo euj| B .

JenBa.l fejuozuoygns uly} 0} peso|o ate aesAydoyy| Isopy ———————— 0'9/ ; N u

PAOIUN O0'8L9-E'17L9 - -

*J9PJOQ UOHEIBYE 8N|q SI 3001 JO %b-g ‘SLINJOA éilqani o wno.w.wmo - n

3001 J0 %GE-0E 9Mew ey} sjods uoljelalje ajym Jejndlio - .

Aq paojey uonezifelsui aseyd-iodea au|eisAio 8sieod , - ]

Ag psleod pue ‘pausie)) aiow ‘uado ssa| a1k aesAydoul 10490

T C ]

O 0 . - -]

PAOIUN £'899-G'99 L -

PAOIUN €°299-£'65 | N ]

‘paJa)eun %G/ ssewpunoib ABBna  SIAN! L'899-L°65 0990

1sn[ 10 peuado Ajaseq seshydoyy) 4exeem eesAydoyll ] —— z'gg B ]

‘paldlfeun st %G5 ‘s1ep1oq PO - -

uojjessife an|q jo pesodwod ssewpunolb nxveom ‘Ausuayu pASIUN /99 n.mm " ]

aseyd Jodea ul esealosp oljewelp ‘eyeem seshydoyy & FS , - .

PAOIUN §'759-€°259 | - -

alaans 1'859-6'069 , - ]

0590

PAOIUN €679~ |87 9 Rafil! N 7]

PAJIUN 6°979-0'EP9, = -

8lqgn! L'059-0'vE9, - ]

"1984 €' 1./-0°0ES WOy 03pIA Bjoyalog ul usas aesAydoyy o N N

abie| Auan Inq ‘premumop Buisealoap Alsuaiul lesAydoyy M>0Eh o.wvo-_.om _ C N

‘payunnep Aurelb ebuelo wnipaw s| ssewpunolb jo jsal 1qdn! 0'ey9-L78¢ [0r90°]

‘Japloq uoneIa)e an|q ww g-| eam ‘ojey uoneis)e Aeib - -

Wb ww oL-g Aq pawiwy ‘uoyezijelauiw sseyd-lodea ~ ]

aynym aujieisAio Aq paul sesAydoyy ews A1aa 0} [ews ) . — —

[EAO PBPMOID %0Z OF %G - ‘PAYUIASP ‘paplam Ajosuep PO 0'9€9 € | -]

b | ¢ (2/54HS) ejdind-pas wnipaw (g°gz/-2'58p) 0o ‘suoz SN L'9E9-T’ LET| et - N

1, ( jesAydoyyq 1addn 1004-jeisAio buuds yedodog - -

©w @ " R DR O -n = |l = anN@Ol
S 5§ &%= 2121E|E|5|8|8] &

I = B aQ e glgig|s|z=|2 &=
g z =2 29 N FIOH/ADTY . ) QZ|9jg|=|"]0 2
3 om RIOD "INV €00°100¥6/22S020LNS ‘NLd 'SININNOD 5 S | NOWvaanY

‘QALRIVIS

08181953 G'866/9LN
SAUVNIQIOOD ¥vII0D

y661 ‘LT 19quisidss :QaLTIdNOD
vé61 ‘61 AOW

‘ONRIV3E
‘NOIIVAT13

[OJISA INOILVNITONI
VIN

1994 '€ H1d3a IOl

e84 9Ly

uoisian B0
AQ pebBbol

Lo'¢

9661 ‘g1 Aonuof :eyog Ho1
wioysbuz sipdg

SSIOIDIOGDT [OUOYON DIPUDS

40 QL lesus
1) 0L=ul 8023

(ozt

6-0S MS “ON®IoH

[4
408[01d UIDJUNON DIINA




pT I I .

Ty

AISOUOd
Q3Y3A00

NOIVINIVS

ROD 40 %

ANISNIA XN p—————————n—*

PADIUN $°0/Z-8°69 [ 0LL0 ]
(ospin sjoyal0q) - -
2'89. '0°G9. 1e eesAydoyy) abrel-wnipspy ——— 0'S9 - N
us)oiq £°192-9°09 q - -
8100 0U 9'09/-6°LS ) 09407
usX0iq 6°LG.-2°LS < L _|
PAOIUN |°GG/-/"2GL o -
usyolq |'GG.-G'16L - ]
3 ) 0G40
‘S90BJINS UONEpIX0-}sod Uo (¢,ausxoiAd) uopezijesouiw  PASIUN '8y /-’81 . C ]
uoaib a0 Yiep Jo syoads ‘eleway Jenoads  USA0IQ |°0SL-¥'ObL - -
Aq papjoads sauoz pais)e }sow ‘usas ayjolq ou ‘sousyd C ]
Jedspjs} %z-1 ‘ojey uoneiale Azznj ww g} yum soiwind  pAOIUN G'¥/-9'E L -
pauajie|} suldiey Jeinbaull ajym %/ | ‘slods uonelsye B 7]
W 8-/ pue Syealls UoleIB)E a)um %0 | Aq papioads C ]
ssewpunoib passljeun jo ssuoz yuid-sbuelo (Wed puooss)  PAOIUN LOV.L-¥'LEL V.07
*SA ssewpunold patsyeun Jo spuest yum aesAydoyy; USN0Iq g ey /-8'9EL - 7]
pue soiwnd punoJe syealis aseyd-loden ww G| Azzn} L -
< aNUM %/ | pue uonesye (2/9gds) enjq eaisealad buons - .
Ie) (ued 1s41)) BUOZ UONEIBYE PaXIW ‘Aulelb ssa) ‘Joedwod _ N
alow ‘Jauy anjxa} ssewpunoib ‘payuNAsp ‘papem - .
Ajasuap ‘940> 0} asealoap Jequnu aesAydouyl (1882 - 7]
-g'gz/) suozqns jesAydoypuou Jeddn ‘(uwdidy) sauoz _
jesAydoypijuop aippiyy 1004-je)sAip bunds yedodoy ——— 8'82 -0€£0
pAolun §'42/-9'€3 » .
usyolq °02,-9'8| 1.03£0 -
pals}e aseyd-10deA an|q %58 N ]
/ 8'82.-€'Gl - .
0V +L PUE 6°'G0.L Svel-0vl N ]
1e sainjoely Buoe pajusio aesAydoyy) ‘sexel) a10Iq %50  PAOIUN $4LL-9'EL N ]
‘sousyd auipiues aiYM %E-2 UM Jood-e1sAlo SI o0l uaMoiq 9'EL/-E LI - ~
‘aesAydouyy padojansp Apjeam ‘ABBNA ‘pareod ‘pausdo ~ ]
Ajaieq Jo uoyezjjeisuiw aseyd-lodea jeluozioygns 1 0LL07]
oIyl wiw g- 1 1ejnbau; se uaas ale aesAyd -oyyy pauaney = -
paoejdal ‘uoneisye aniq %2-1 Aq palsploq sesAydouyy 0°,0.-6"S0 - ’
punole sjods uogels)e aseyd-todea Aeib-yuid by %401  PAJIUN 6°G02-G10 — —
-8 ‘payunaap pue Auleib 9,06-G8 St ssewpunolb ‘papjam C 7
Aesusp (g/544s) s|dind-pai ‘paw (g°g2/-g'6€¥) JU09 - ]
( ‘auoz jesAydoyyry seddn s0og-jeshio buuds yedodol  paoiun 2'00/-2°66 - .
Q ol = ol 0040
5 2I2|E|E|5|E|8| ¢
B FIOH/AOIY €00" 0OY6£2S020LNS ‘NLA 35|55 [=|F[6] =
ROD "INV 'SINFWINOD & S | Nowwuanv

QALRIVIS

SAVNIQIOOD AvTIOD

08181963 G'866/9LN

v661 ‘L2 19quiaidas :QaLFTdWOD
ré61l ‘61 AOW

ONRIV3E
‘NOLVAI1Z

IOJWBA INOIVYNITONI
VIN

{884 1'€¢¢c ‘HId3Q VIOL

8ed9¢cLey

LO'Z :uoisiap Bo1

9661 ‘1 Alonupr :@joQ 6o
woysbug sipg :Ag pebbol
$9JI0IDIOQDT [OUOLDN DIPUDS

40 1L {esus
1) OLl=.l :oJ02g

6-0S MSN N eH

ce

{ozt
108014 uPIUNOY DIONA




SRy - .

| A veg 0780 ]
‘sjesaulW 9jeUOCIBD PUB ZOIS SepN(oul Uolezielaulw 8’8t - -
ujaa aseyd-1odea ‘sojey uoleialje Aelb wnipaw ww g-| " ]
Ylim sjajulan Bol|is aulliey punole sabeajss uojesslje N -
anjq Adsim %02-G1 8'6€8 Mo|aq ‘1aplog uojjelsle N ]
anjgq ww g-| pue ojey uonesalfe Aesb-yuid ww g-f “eols L i
aseyd-Jodea ayym Aq pereos sjuiof {eoiaa Buolis v'6€8 = —
T C0€807 ]
‘ww g abelsae Jeuy} solyy prey C N
ane] zuenb pue a}j0Ayl %2 ‘emyolq ou ‘soustd suipiues - -
T BlUM %E-g 199} £-g Uoea abenjas uolels)fe an|q wuw 0280
02 Ynum sjejuien eoljis aseyd-iodea suljiey %g-1 ‘1epioq B -
anjq yeam Upm swos ‘syealls eseyd-loden ww o 1-G Azey ~ -
£q pappoads 9401 ‘2inixa) 1oedwod asuap ‘eAoqe 0} Je|iwis " ]
(8°6¥8-G'218) suozqns [esAydoyyjuou Jemoj] “Juod ‘aU0Z  usxoiq §'v18-L'E L8 - -
1esAydouyjijuop appi 1004-1ejsAig buuds yedodog ——— G'Z|8 " N
4 F0L807~
LS ua0.q §'908-8°50 - =
o SaSEal0ap Ule £'80 C ]
‘premumop Ajsusiul uj 8SeaI0ap - -
T usy} ‘e'€08 piemo} azjs ul eseasout aesAydouy| ‘e'€08 00807
MO[8( pala)je $$8] Yonw pue ‘G'g08-0'G6/ Wolj pasalje B -
Ajaaisentad anjq Ajgesuajul siow ssewpunolb ‘teploq uaM0Iq 0°262-2°G6 C ]
| uofiela)je anjq ww g-| yum lods uopnessye Aelb w6y weu palaye aIow §°'SE L -
02-G1 Ul ‘[lem Ayaes ojul Buipusixe usyo aojwnd ‘eojwnd . . o -
Joye uonezjelsuiw aseyd-lodea suifeishio Aq paul pAdIUN m.mmm-m. +6 C ]
sesAydoyy Jeinod paoeds-asojp jjews Aq pazusioereyo  USM0IA S'EBL-0°LE C ]
T I (6'218-1°88/) suozqns Buursq-sesAydoyy “1uoo ‘suoz 06071
jesAydoyuon sippi 100d-jeishig buuds yedodoy — |99 » ]
pAQIUN |°88/-/'G8 = .
padoaun |*48/.-2°08 B N
pAoaun |°'6//-0'64 _ ]
B us)oiq |'$8.-0'6. HOwNO.II
‘uoyezielsuiw sseyd-iodea Jo saui| - .
pazijeisAioal [euozuoyqns Jejnbau o} paonpsas sojund ————— $°9/ - 7]
L
11 v .
£ 2 3 22 g Q|3 o= 0LL0
8 2 2 ZoR TIOH/AOR £00°L00¥62250201NS :N.LQ 8l5|3|g|=|=|6] =
< 3 g& RO "INV *SINTWINOD & S |~ Nolvaanv

Q3IRIVIS

SAVNIQUOOD AvTIOD

08181953 G'866L9LN

vé61 ‘LT 19qusides :QaLF1dNOD
vé661 ‘61 AON

‘ONRIV3a
‘NOWVAINA

{924 1'e¢dc ‘HLId3Q WIOL
IOJWSA :NOIVNITONI
VIN

ead 9°¢ley

uoisiep B0

9661 ‘g1 Aonuor :ajoq 6507
10'C

wioysbug spg :Ag pabboq

S8OMDIOCDT [DUCHDN DIPUDS

40 ¢L 1es8us
1) OL=ul :eI02s

»
+

4%

(oz1L
6-AdS MSN N SioH
108[01d UIDIUNON DOONA




T4

NOUVINIYS

AISNIQAING F

MISOY¥Od

Od

*2.n1xa} Y104} 10184 Ynm aojund wwg/

*(¢uesaud sesAydouy)
abie|) a[qqn.i 0} UM 0Ig SBUOZ PAISACIBIUN UBBM}B] YooY
‘aesAydoyy Jo AnAnoe Aq pauoluod Ajasusiul oLge;} ooy

‘uowwod Buuiof [esisa

‘sisf1oouayd apyoiq 9%4G'0 PUB SUIpIUES %2-] ‘W g >
Aofew yum soiyll Jo A1eLieA apIM JO %g-1 ‘SW uojels)je
uMOoIq UIY} Yim Wl Gg uey) ssa) solwnd Aelb Wby

%/-2 ‘W 0z > Ajisow eesAydoyy [eao ‘payourd jjews
%G (E/9HASG) Umo1g-pal wnipaw (0284 L-8°548) (1ididL)
‘auoz jesAydouyli 1emo 1ood-jeisAio Burds yedodog

*aesAydoyy

uado Ajjeiued [euoISED20 Gig MOjaq ‘18piog uolela)e
anjq ww g-g Aq pawwi ,2-1 yoea soundoomru punose
jods uopesale ww g} Aelb 6y ‘sasealoul uogelaly

uonela)e aniq yum sajwnd pazyjjeisiioal 1)) Jo hwy 1addn

PADIUN ¢'126-8'90

6'c0

PAJIUN ¥'868-C° L 68

PAJIUN 9'068-€°688

PADIUN 9°/88-€°088

PADIUN €°8/8-L'CL8

PAJIUN C'C/8-L°L98

182671298
G'998

PAJIUN 0'998-0"098

PADIUN 8'9G8-'1G

S'ey

— T

3715 OO &

JTOH/ADH
RIOD "INV

£00°100¥6.290201NS :N1d

‘SINJNWNOD

A201039

ONINLOWA

ONIGIIM
uolpojjuiAeq

IFrTT T TTTI

TTTTTTTT

LUNLINEI I U N U I B BN B B
o
O
[e0]
o

0180

TTTTTTTTT JT1T T HPTTTTI
d 9
(o] —
o O
o O
| 1

T

g
[s0]
o

0880

i

J
@
o

|

3
@
o

NV O U TN T T O U0 T I A O A I 0 A O B O

DS
S
5 H
MG
m,
w
o =
o 8
g =
3 o
o
& 3
NI
2
0
S
" =
p=d
9 &
E =
o £
ﬁ..ll.
T 2
N <
N O
S 3
~ a
o
)
o o
Q
3 3
eab.
® 5
o 2
g w»
c
a 2
<
———d
o
v
O
(o)
W W
g 8
e @
—_— =
w
—]
o 2
TN o~
—d
=
N
8 o

08181953 §'866L9L N

ONRIVIE

N -

woysbug spg :Ag pabbor

6-0S MSN N e

‘SAVNIGIOOD IVTI0D

‘NOWVAZTZ

9'ecLey

SSUOIDIOqDT [DUOYDN DIPUDS

108[01d UIDJUNON DODNA

7




‘QIRvIS

SAVNIQIOOD AVIIOD

08L81953 G'866L9LN

r661 ‘Lz Joquisidas :QILIHNOD
vé61 ‘61 ADN

*ONRIV3E
‘NOUVAITI

IOJWSA ‘NOLLYNITONI
VIN

{89d |'e¢cc ‘HId3a WIOL

eai9'cLey

10°g :uoisiap 6o

9661 ‘S| Alonupp :aq 607
wioysbug spqg :Aq pabbo]
SaUOIDICTDT [OUOLDN DIPUDS

40 ¢ i8S
1) 0L=ul '8jP2s

6-0S MSN N epH

4

(oz1L
108[01d UIDJUNO DIONA

[ UB6 |

PAOIUN +°GL6-2'1.6 u N

PAJIUN 9°1/6-2'0L6 B ]

ue0Iq §°G/6-5'696 046

-leaddeal (8100 ul ajqisia) sesAydoyyn ——— 9'296 - ]

PA2IUN 9°296-£°656 096

pAdIUN §°/G6-1°G56 C ]

uao.q _ u

Alpeq §'256-2'756 - ]

PAOIUN 4°256-8'876 056 -

usxo0iq 0'e56-8'876 C 7]

PADJUN O°8Y6-E°976 - -

o B i

0 . . - -

pA2IUN 6°¢Y6-2 0V6 o .

uaolIq B N

e o oee o6 -

aqan @cmv_eg - Ové 7

Aipeq ¥°8€6-0°'2€6 C ]

uayoIq - N

Aipeq £'e£6-€°€€6 - ]

PAOIUN £°€£6-8°0€6 - 7

| 0860

‘sjuswbeyy eojwnd ey} jo sesAydoyy| punote PAYIUN G8Z6-1°GE6 N 3

sjods uonelale ue-yuid b1 %Gz 01 sebueyo pue - -

‘o4 8-2 01 %05 Wol) sabueyd ssewpunolf jo uojelssyje PAJIUN G'EC6-2'2C6 R ]

an(q ‘plemumop aseasdap Ajsusiul eseyd-lodea - -

G/6-006 ‘08pIA 8joyaloq ul usas aesAydoyy) abie B ]

Ao 0} anp usyoIq 8109 Jo Ajafew yim ‘aolq %50 | 02607

‘auiplues %z-| ‘o[ey uonesale aseyd-1odea umoliq Wby - -

AlaA Ww Gz U uonezijelsuwl aseyd-iodea suijeisAio N 7]

anum Aq peaoejdal sayis soiund Adsim 1ej) A19A %2 1-0L L —

‘ainyxa} ssewpunolb Auieib ‘papuyasp ‘papam Ajgsusp N 7

(2/9401) AeiB-pas sjed (0£811-8°648) 1u09 ‘suoz ) . . -

L L el 1esAydoyyiq 1amoq 1004-jeishio 6unds yedodoy PAIIUN °L26-8'906 = -

£ 8 8 gR 9 ®| o|s|g |z [0+60 ]
EERE AHHHEELRE
3 2 2 388 FIOHIADY €00°10076/25020LNS :N.Ld 8|5|5|g[=lf[6]| =

= =3 om ROD "INV 'SINIWNOD & g | Nowwuany



T [USUL
"9ZIS WwW 9-G Inoqe abelaae soiyy| Jeinbue sjeubod B
aJel ‘sousyd auIpiues o4g-z ‘patdlje an|q Ajaaiseatad |
s| ssewpunoib ¢,G2-0g ‘(ajqIsia Aja1eq) uonezijelauiw ; B
aseyd-1odea au|ieisAIo j|e mou sajis soind aulpiey = [
punose sojey sseyd-iodea 18pusael-eniq WW G-p ‘SHealls aujoA L0 -
feluozuoyagns Buoj o] sabueyo uonela)e aseyd-lodea-0 6801 ] - 001
‘Ausuayui fesAydoyy vt eseasoul JuBIIS +°8E0L-2"9E0 1 ' = Hl
"SOIYN| 8NI0AU) 8°2E0L-€' LEO e _
Jejnbue ww 09-0g Ul 8seasoul ‘auoz oyl 9°£L04-0°LEOL ’ k uo col
L'2201-9've0 || . C
p J 5 \.ﬁuwe_m 6'1201-8°LLOL B
In an|q Ajaaisenatad st ssewpunolb sy} Jo %SG2-0z ‘eesAydoyy / »
pUNOJE UOREIS)E PUE SHEalS __meoc_ uoljessye aseyd S'00L-8LL01 0col
-joden a)um %8 ‘sasealous uonelsye eseyd-iodea 05101 C
‘umop enuuoo sjods aseyd-lodea Ing pauado AjaJeq pue g'9101-1'¥10 B
ABBNA 10 saiaed Je)) [lews A1aa 0} ino aip sesAydouyy g —
Od IAEO Je | Hno ap eeskydoyu Z'glol o o o0 -
4 -2'€H0 -
L ¥ LL0L-8°200 no_o_
| £'2101-8'200} -
£'9001-"%00 -
1 0¥00}-8' B
i 6°1001-6'866) ¥ N
1 4 0oL
[ G'V66-E°€66 N
-ouayd 8}0Iq %G"0 PUB BUIPIUES %g-1 Jood-je1shIo ‘0apiA m.vm%mw_%m“ N
a|oyaloq u) uaas aesAydoyy sbie| o} anp aq o} pajoadsns sauoz -
ik palanosaiun 10 uayoiq abie) ‘Aureld pue abueio by st ssewpunolb  §'686-6'8868 B
asimIaylo (9% /-G) ssewpunoib ybnosyy uonelsie sniq o gom, . y ‘ C066
Yeam ‘ojey uonelsle Aelb Wby ww g1-z1 ul pauado jou Jo pauado 0°066-8'886 )5 B
r Ajareq sesAydoyy peoeds-A|9s0oi0 0°066 mojeq ‘lods uonelsye ,“h [
! aseyd-ioden Aelb ) wwi G1-z| ul uonezielsujw aseyd-iodea ”% —
alym Aq paoejdal soiund Adsim 1)} A18A %2 L-0 | ‘@1N}X8] SSBW “Nn.. [~
-punoiB Autelb ‘payuiasp ‘paplem Ajasusp (g/oHol) Aeib-pal sjed 7] B
b 11,1, Juoo ‘auoz jesAydoyiry jomoq 100g-jeishio buids yedodol  4°086-0°7/6 m -
W =z = = BN Q -n o < w 086
S = 8 882¢% 212|2|1E|1E 8 8| g
S 2 3 28§ TIOWAOY  £00°HO0V6/2S020LNS NLA EIH I EER
= 4 om RO IV sNanoo | =< | & S | nouwaany

‘QaARVIS
0'8l8l953 G'866L9L N
SAVNIGIOOD YvTI0D

ré61 ‘LT 12quiaidas :QaLFTdNOD
ré66L ‘61 AOW

‘ONRIV3E
‘NOIWVAT T3

[OJISA *NOLVNITONI
VIN

1994 1'ecde ‘HIdIa ™IOL

1924 92/Ty

uoisiap 6o
AQ pabbiol

10'¢

9661 ‘S| Aionupp g 6o
woysbug s|pg

S8l0}DIOGDT [DUOYON DIPUDS

40 Gl Jesus
1) 0L=.ul 8023

6-0S MSN “ONSicH

borga by e g brv v gv v v bove v brvv e bvvv e by v brvg s b gv v bevev by abvvva by

4%

(ozt
J08[01d UIDIUNON DOONA




MO NY-]

(0T
pAoUN €°8LLL-V LLL LSS - -
USX0Iq £'8LLL-Y'O L L LIS - . m m m m
oI BUIOAY! WWQL-6'p L | I - 7 o 2 9 8
PAOIUN E°ELLL-Y'ZLL - 4 &5 89
"SOIU}I| 8N[0AY) JenBue ‘Bu0Z YOU-OIUM| G'8LLE-L'LO}) 08pIA 8j0yaJoq ul B - 1 3 & 2 9
ydoun'ByA 0°091L1-0°0 L | | sl B 4 S0 o g
oyl aMjoAys Wwwo/- 1601k oLy N W_v m 3
*laploq uoljeia}je anjq ou o} yeam ‘eesAydouy) auoz oIy /°201 C ] B o o
mnoyum/ynm siods uonessije Aeib-yuid Jyby Jenono U8)0Iq 6'S0 L L-0'SO L - N I S
ww 0Z-09 paoeds-Alejnbal ‘Buiieos auyjjeisAio ou aAey %05 yH0LL — — T e @
-0 ‘stousjul pabbe. yim eesAydoyy) ‘peoeds Ajeielopow  paosun v'g0LL-G'20 L o ] @ ©
‘padeys-AjeinBeLl ‘pausdo-|lom ‘pazis WNIPaW H'#0LL  uanoiq 2'€0LL-¥ LO LK = - o
—001L L T W O X
N 1 & 8 o @2
- 1 582 3 3
- 1 8@ § ¢
ua0.q 6'7601-0'€601 I = @
PASIUN 1 HB0 L0660 | gt - 1 7§ 8 mw
- 1 3% % =
: iy — o 8 o
~ 0601 3 9
pAoluUN 0°0601-6'880+ . - N 8 nv 8
U8301q 0°060 }-L'980 i, .4 " ] g2 3 2
3 C 3 2
PAOIUN 8'$801-9°180 - ]
usxo.iq 0°9801-8°080 - ]
*09pIA Bjoyaloq ui usss aesAydoyl) 7 » ]
abie} 0} anp aq 0} pejoadsns S8UOZ USHOI] PUB PEISACOBIUN  PADIUN 8'6/01-9'2Z0 '—- 080l] 5 5 § g
"soJyl| eljoAy. (paselfe ‘ssod) alym Jeinbue %gz-| ‘sousyd USH0I] 8'6L01-€'LL0IRafl ¥ | - 1 @ m Q 5
auIplues 9%g-| ‘ssewpunolb ybnoiyy ,qem, uonesaye = B i m [0) m Q
anjq %GE-0g ‘uolieIa)e an|q Japiog Ww §-g ‘lods uoneis)e N — 1 ® % & Muu
AeaB-yuid by Jeinoso ww g Ul sels sojwind §o Juawde|dal  paosun $°G20 v L0k , [ 7 « 3 X 3
aseyd-1oden aujprey (sjqisiaul Auesu) jeyy A1aa o} sesAuydoyy|  UaM0iq 2920t HLOHR .M = - Q v o 3
paoeds-Ajglelapol Jej} [jews Alaa woly sebues 0'0Z01 . i —C - . 5 o 2 O
00401 “. 0/01 ] 3 - O o
- _ 1 = 5
| B 4 o Q 3
o ~ 8 o
d K Bue ‘auoz you-oyy o m_mcmwm th - N > 0 3
0} dn soiyy| snjoAys senbue * - . g -
} IUH| S)|OAYL JB| you-olylll +'s201 ;mEom 62016690 1} mm.u - 1 9 3
uoljelalje anjq Ww -1 ‘ojey uonessye aseyd-iodea yuid ww “"n - -
g-g‘aesAydouyi; azis piw-ol-|lews teinbue ‘pabbel 0°0901L . =y B T
"SOIY S1BUB00 W §-G 0 o000 01000 1IN 00l 2 T =
JenbBue aiel ‘sousyd 81101 %450 B SUIPIUBS %E-g ‘pPaIs)e PADIUN /650 L-0"2G0 - - % Q o O
an|q Ajpaiseatad ssewpunolb Jo 9%452-02 ‘uolezielauiw - 7 = 0 = m
) aseyd-1odea auleisio yum pajjy salis aojwund auiey = 4 & = Q =
! 1 oey syeals uonesa)e sseyd-Iodea an(g-1opuUsAR] BpIM LULL Em__hcm_m_.w.__mo%%n 4 n . N C o
G-p ‘payunAap ‘papjam Ajesuap (z/9H0L) Aeib-pal sjed Juoo 08pIA 8]0UB10G Ul it _ 4 <z W 5
L1 auoz jesAydoy}i 1omo1 Jood-jeisAio buds yedodog ydotBya 0°050 | I “m = ] o - ol
= m w = m -n o < = W IOmO—. N \m w 5
= 3Z O Q9 3 Q 2 m Wy W 3 ® =4 — _G s
g 8 24 o S|9/gl2|2 9 2| 3 N 00
= =2 Z9| B JIOH/ADY £00°1L00¥6.25020LNS :N.LA w S|glg8|2 F © K=, T
2 cm OD "INV siNnannoo | < | & S | Nouwvesnw Q




v

*01Iqe} Yo0J Jnoybnoiy) sxyoads XQUN
%G"0-0 ‘POAISSCO 3}IJ0Iq Ou ‘sousyd suIpIUES %p-E ‘W 02811
ot 01 dn soiyy enjoAus seinbue <4e-2 ‘201s aseyd-iodea
jo Buieoo pue abeajas yoiyl-ww Aq pauapley ase sainjoel)
-0J01W ‘palalfe an|q AjpAisealad Apjeam S| 1sal ‘paisieun
%02 ssewpunoib ‘eojund pauspe) AlaA punoie uoiessije . e
Reib-yuid by jo sdsim |ejuozioygns ‘ssewpunosd mww_.%m mmmxmmww”
Aureib sso| ‘asusp asow Apybys o} sabueyd tajoeleyo \
uoyieIBlE ‘PAULIIASP ‘PaPM AjBSuaP (1/,HAG) AeIB Do o1 a )
-oBueso sjed (0°G9¢1-0'£81 1) (uididL) auoz (,papiow,) s ayoiq 087 L1-0'€LLL
jesAydoyyjuopN 1omoq 1004-1e1sAio bulds yedodoy 08pIA BjoyaIoq U
aesAuydouy 6] 0°0024-0vL LI
‘piemumop Anubiis saseaiou) Aysuajul eseyd-iodea 0°0LLE  PAOIUN €6911-6°89L 1
ue)0iq 5691 1-7'89 11

usx0iq 0°8GHE-8'9G 11

pAoIuUN §°GGLL-9'ES|

o0l ybBnouyy pajeujwassip Ajjenbe xpupwa4

10 syjoads 9% -G'0 ‘OlgR) MESNS-0I0IW [BUOZIIOYgNS

ssewpunoib Bulalb sainjes) [einixa)-010)W pue Jou|w

Bumojo} ssewpunolb ybnoly) uones)e an|q ‘uonelsije

anjg wuw $-zg Aq paleplog sjods uonesale Aeib-yuid wyby
ww g u oo sonund fesAydoyy usdo Ajpleq -0 ey LL 02vLl

pAdIUN G°/E1L-6"GELL
us)oIq §°LELL-cGELE

sesAydoyy [jews Aiaa

"uses aiolq ou ‘souayd  PAIUN E°CELL-P'6LL

aulplues o%,g-z ‘eolwind jeluozuoyqns pausiep 1:0z Jeylo  USHOIQ ECELL-E'LS I
%02 ‘uonezijessui sseyd-ioden suljeisio Ag paleod o/ NA-.

siouaul ‘sesAydoyyy [lews Aq paies|onu awos ‘sjods MNW&M%%%@\%%%W

uoyesa)je Aeib-yuid L1enolo Wt OG-0 %8 L-v 1 ‘PayLIASD

‘papjem Ajasuap (2/.HAG) Muid-abuelo 6y Juoo

auoz jesAydoyyi 1omoT Joog-1eisAto bunds yedodoy

NOUWINLYS

AUSNIANING [

J7IS OO

JTOH/ADR

NOD ' €00°100¥6.2S0S0LNS -NLd SINTNNOD

A901039

ONRINLOWYA

ONIG1IM

uojjodjiaeq

o6tt
o811
oz 11
091 1
Fos 11
g
FoeLL
0211
s 5 3|02
8 O £ 5
z £ 5| =
NOURIALTY

Lo dag s tev v v vl e s g bovv v bvv v bvvva vy v bvyy v o brrrabvr el

1984 g1'€gee :uideq Ipjo)

06- uohouloy|

9661 ‘gL Aionuor :apoq 507

¢e 10 [l iesus

1),oL

1984 9'¢/ Y UOHDASI3

7661 'L 'ldeg paeidwod 08181953 §'86649L N

10'Z :uoisiap 501 (loowsA) W/N :Buupag

= 4| 9[P3S

ozt

wiolsbug ejpq :Agq pabbio]

6-aS MSN ©N SIoH
198[0ld UIDIUNOWN DODNA

7661 ‘61 AD :poUDIS :Se|DUIPIOOD IDJI0D

Sav1 TWNOILVN VIANVS

g

— o —

PErasTY: causye




Od

PAOIUN 2" 192 }-9'6G2}
ueNoIq 2'L9Z1-€' G2

PAdIUN G'0SS-E°6v2|
paolun y'8yg - 9vet
usxoiq L0SeL-L'Svecl

0'€G2} AQ %v-£ 01 S8seaJou| ‘solyy) alljoAuys Jejnbue Jo suoz ———— —— 0'GPel

pAdIUN 8'0¥2|-G'8E2

PAOIUN 6°2E21-9° 121

usyolq 6°2cg1-5'0Ee

aesAudouyb1'A 0°0€2 |

*se)is eojund leau Ajjeloadse saoeuns

ainjoely uo papioads (i ausioues) XQUW-oliAyd % | ‘ebuelo
Aureib Jspujewsl ‘palajje aniq Ajgleiepowl S| SSewpunolb

1O 94,69 Arewixoldde ‘soiyy) aie; zuenb umoig-pal wnipaw
ww g- %> ‘soluyl| ajjoAu ey} Ajjered pue aojwnd paushe|y
1aye Ayisusiul Bulhien jo syeals aseyd -lodea o,0g-G| ‘SOIUul|
teinBueqgns a0l aym Wws y abeiIdAR %2-| ‘aliolq %L>
‘ousyd suipiues o4,¢-g Jood-jejsAio‘payuliaep ‘papjam Ajasusp PAOIUN $'8121-9°9121
(2/LdAG"2) pas oed sawooaq yn fesAydoynuou ‘0'GlelL Ag  ue0Iq 2:022 L6512}
{ospiA ajoysloq) aesAydoyl

‘B °A Jo euoz 022L-S12)

pAdlun 0'8egel-L'92et
us3oliq 0'8ecl-0'9¢ct

pAolun 8°0lel-¢'602
uayolq 'L Lgl-v'80e

pAOIUN 27202 1-€°G02

‘ojey uonelsye Aeib-yuid | ww g-p Azey yym US401q 2'L021-2'S02

1JUIBA 201S aseyd-todea aiel ‘syoads XQUN Moe|q % | ‘ellolq —

ou ‘souayd auipiues o2-1 ‘ww g} Suibeleae oy punoigns Eeﬁmw_u.w.._%om_._n
ANOAW BHUM %E-2 ‘palsiie an|q Ajeaiseniad ssewpunold

%G6-06 ‘uoneziesau aseyd-iodea sujeisiio Aq paoeidal usyoiq 2°0021-1'66 L1

Apieam saiwund yep) A1aa ‘lews A1an uo sojey uonelsye . e

KeaBud i %z 4-01 JO Sapj03dS flews ‘payupaap ‘papjom P IBEH-LZBHE

Aesuap (1/.HAS) Aeib-abuelo sjed Juoo ‘suoz (,pajow,,) usyoiq g'96LL-v'v6LE
1esAydoyjuoN 1omoq 1004-1e3sAio buuds yedodog

pAOIUN O°L6LL-V°061 1
us)oIq G°g6L1-6'6811

NOWVYNLYS

AUSNIAXNE

aY -

AUSOUOd [
QIN0OR

POD 40 %

3215 0D

JIOH/ADTY

PO '3V €00°100¥6285020.LNS ‘NLd 'SINIWNOD

4901039

ONIUINLOVY

ONIGIIM

uonajuaeq

(0921

- 1 58 = =z 0O
- 1 g ¢ Z¢
- -1 =— Q o Q
» d O = 94 =
® 9 9 O
- 1 © 2 @ 0o
K 1 F ~ £ 9
oszl] BSOS
] R D m o3
- ] Bogg
- l“e.l._..
- 1 o & 2
N 4 @ o
_ - o

-l =5 w
el 38698
- I"Dwu.
B 4 2 3 0]
- 3] 2@ 7§ ¢
B lmmﬂlu..w
B | _UVmU.-:m
- 1 8% g =
I g § o
= =

0€21 ] w
-] 2% 3
- ] S
- )
- - el
| ] S
0l 5 5§ ¢
- lﬁﬁmm

- 4 o <
- 3] 238>
N 1 ® 5 g £
C 1 ¢ 3% &
- 4 8 oo O
= 1 & o & %
oigt] 8§ — % ~&
[ 4 AWW
N 1 @ a &
N 1 = o

O
- e RS 3

- 4 o
00cl] 2 2 = =
_ |GDQO
N ]l o & o)
_ . <2 Q0
- 1 & = 2z
- ] I < 0
T ] o = 25
n ] OMW..

=1  w =
061 NS @5
55 3| °x = O3
s g 2| g 85 o3
2 * 6| B = o)
NOWRELTY | ™ Q




O
[y

S .

(

{984 9'¢/cy \UOHOAS]]
:S2]DUIPIO0D) IDJI0D

e84 g1'€gee \uideq [ojoL
v661 ‘L2 Ides ipaleldwiod  0'81819G 3 S§'866/9L N

06- :uoipUIdU|

(;oo1aA) W/N Bulpsg
v661 ‘LT AON :palnls

uoisian Bo

10'C
wonsbug ejpg :Aq pebbio]
Sav1 TVNOILVYN VIANVS

9661 'S1 Aonuor :ejoq 601

nl 900§

Lo bror v to v vy byt v e s bvavrberrr by og b bavyrbrrrrlarang

¢ 10 61 iedus

1),oL

6-CIS S “ON eIk

ozt

GEL= [Uett
pAdJun L'62€}-8'GeE < lh -
i L B
PAOIUN /°22E}-E" &m:&._“ -
UuS30iq 8'¥2E}-9'0CE | il L
: 0cel
PAOIUN £L'91LE1-9°CLEN N
uax0iq 0°g1E1-5'60E HN _
: 0lLEl
PAQIUN 1°80E}-8°L0€ - A B
usyolq 1'80€1-1'90€ B
— -
- N
—-— -
= -
=
“ 00€ L
o L —
O pAoIUN $°G62 L-P'262 | - -
usxoiq 0'862 +-G" 162 I | —— C
4 -
- 0621
Bl -
PADIUN 6°882 |-2°98¢ rw‘ -_ A -
- BN -
PAIUN Z'Y8Z 1-2'€8T | A N
ud)o0iq g'y82-€'c8< I A -
L0821
*sayls aojund punose n
Ajleoadsa sasepns ainjoel) uo syoads XQUN-ofiAyd 9% 1> =
‘sousyd ayjoiq %> 8uIpIUES %g-g ‘solul| aile| zhenb N
UMOIQ-Pal "pPall W €-2 %1> ‘g' /92| Jaye auoz you =
-OIUH| Ul %0 |-G O} Sasealou) ‘sjuswibed) o1yl a)joAyl s8z1s auoz you-oyy K B
wuw ¥ Jejnbue %p-¢ ‘painixal Aurelb sbuelo palajeun o1yl ayjoAus [0/4C1
sl 1sa1 ‘palsle an|q AjaAiseatad Ajselspoul ssewpunolb wwog-g'292 1K SN =
10 %G9 Ajerewixoidde ‘soyy) aljoAus yey) Ajrened , 7 N
pue sojwund pausyie)} laye Aisusiul Bulkiea Jo syealis == |
uonelale aseyd-1odea %02-G1 ‘PaLMIASP ‘papiom { W ~
f T 1 Alasuap (2/7HASG2) pal afed “Juoo ‘suoz (,papjows,,) USH0OIQ 8E€9ZL-L"19CHH m _
e . 1esAydoyjtjuoN 19mo7 1004-pisA1g buuds yedodol  paoiun z'1921-9'65 1 LI 8 | -
pesd - =2 M 2 O - —
9 & m (@] o EN 5 =
=5 m 59 « =|la|le|ls13 =2 = W
S g = =l FOHAOR  g00°100p6,25020LNS 5|38l 2 = ©
= 3 o/ RO "INV {SINININOD m 5| % | g Mnomvaany

108[014 UIDJUNOIA DODNA



Serie. 3

Od

pAdIuUN g°00V 1-L°L6E
ua)o.Iq £°00v 1-0'v6€t

21UH| 8Y0AY WIWIOY-0'28E |

*$80BLNS JUI0f Jofew

uo pajisodep zOIs aseyd-1odea anjq ofed ‘uoiisodwio?
Asse|b Bupospyal ainoely Jesulioss ‘aljolq % 1> ‘sousyd
auIpiues SliUM %p-g ‘SOIYN| pJey a)je| zuenb umoiq-pal
%3g-| ‘Solul) prey.ayjoAul punoigns %G-+ ‘eoiund sjeubod
Jo)je sjods aul|eisAi0 yor|q 85109 ‘papjem Ajasusp ‘OUlIA
No®BIq (£'8LpL-0°69¢€L) (eAdyd)) suozqns aihydolia
Jamoj ‘auoz aliip Joog-ieisAio bunds yedodoy

‘uopeZ|[BIBUIW XOUN AQ pawwl Ajjensn ww p-g sbeleae
SOl prey ayie| zuenb Jeinbueqgns umolg-pals %g ‘ww

G Buibeiane sojul| piey ajjoAyl punolgns siym %G ‘eojwund
91eubiod %Ge ‘Papiam Ajasusp (2/9HA0L) umoig-mojieh
aled ‘alAydouyia 0} 10sinoald ‘ainixa} ouA AUol0|q-0'bSEL

*OllIA 9I0W 8W093q

0} Buiue)s st yooa ‘payoeoidde si aifydonia se premumop
asuaiul alow Bulwossq saepunoq ulelb pue sjorljoioiw
Buoje padojaasp s|elsuiw uonelsie pue skejo sbuelo
‘(4194 AS) umoig-abuelo b ‘uoessye Ul sbueud 0'yee

*sa)is ao1wnd Jesu Ajeoadsa

‘saInjory) uo syoads xXQUN-0J1Ayd 94 ‘sousyd aIN0Iq %L>
PUE 8UIPIUBS %g-Z ‘SOIYl| siie| zuenb umolg-pal “paw %>
‘sojul| anjoAyl Jejnbue o,0 -G a1Aydolia pIemo) piemumeop
Buisealoap Junowe aseyd-lodea ‘passye anjq Ajoaisealad
Ajaresapow ssewpunolb 9,69 xoidde ‘soiuyy anjoAyl
pauajej} Ajietued pue soiwind pausye)) saye Aysusiul Builiea

us)oliq £'08€1-£'8.€1

sainjoel) [eoJUBA
Buons g'1861-0'8/€ 1L
pAdIUN O°LLEL-P'SLEL
usMoIq 0°LLEL-6'VLEL

YU
wwQsk-0'99¢e ||
0'9gv1-0'S9E|
pPAJIUN L'EQEL-L"COE |
usxolIq ¥'€9¢1-0'¢9E |

0 pSel

uoxoIq g'GSE1-8°LVEL

pAOIUN 6°GYEL-L0VE
us)0.1q §'9pE1L-2'6€€

10 syeals uoyelslie aseyd-1odea %02-G1 ‘PaRLIASD ‘paplem 0 veel
L Ajasuap (e/.HAG"2) pal sjed uoa ‘suoz (,pajow,,)

, |y [esAydoyijuoN 1amo7 1004-1e1sA1o bunds yedodoj
g 2 3 AN a
S = 8 85893

(=)
g z = 2O N JIOH/ADRY .
z 5 53 RO "IN €00°100¥6/25020LNS SININNOD

A901039

ONRINLOWAA

ONIa1IM

uoyoojjuaeg

llllldllll|IIIIdlIII|IIIIdIlll]lllldllll|lll

GE

—

L

oecl
2

o
(52}
—

o]
(32}
—

~
o
p—

0
o
—

<
(39

T
O
(@)
<
]

Loy oo brg oo des v v vv v by b brs v brgr e by v v vy v bvvva by by by

:uideq |olo}

{eed 1'edce

uoloUIoY|

06-:
(loo1aA) W/N

v661 'LT 1das

ajoq 601

9661 ‘g1 Aonuop

¢e 10 0C ieaus

L} oL

uolpASq

1 G'866L9.
SeJOUIPIcOD) I0]I0D

884 92/l

Buunag
pojeldwoD  0'8l8L9S

uoisiap 6o

Lo'¢

wionsBu3 apQg

uL 200§

(s 4]

N

AQ pebbo

$8v1 TYNOIWVYN VIAONVS

6-dS MSN “ON SIcH
108[0Jd UIJUNOA DOONA

pauDis

v661 ‘61 AOW




PSS

e

Od

"80jwnd 8}eubod %0p-G¢ ‘SoIUN||

pley aye| zuenb ww g-} yep %g ‘sadeys Jeinbue o
[BpIoYyou0d ‘10]02 aujjedo aAey Aurw ‘sainixa} aoiund-uou
pue aojwnd Jo SISe|0 jlews %0e-Gg ‘lusiuod yse ybiy ing
1x8) payiomal Apues ‘(#/9HAS) umolig-ebuelo Em__wqm&l
-1'v9p1 (L1qidL) yni pappag yni buuds yedodo]-aid

‘lley yse pauresd auy A1ea ww G| jeseq ‘(;) suaxoiAd aies ‘sjilolq
%> ‘aljeubew Jo XQU Jo sjods yoe|q euyleIsAId Ajpuy %2 pajyoads
‘QUIPIUES [eIpayns 1es|d %g-| ‘sefe zuenb 9,g-1 ‘ww g buibeseae
SOIYl| paeY 8}l ZWEenb punoiqns UMOoIg-pal YIEp %Ee-2 ‘seyniayds
Uim A)|euoISEI00 ‘8Inixs} 8109 yioy 1o} 1daoxa sjqisiaul eoiwund ebuelo
wBi-mojak by eyeubos o46e ‘ww -G Buibeleae sonund Jejnbueqgns
Huid WY %0t-G€ ‘pepiemuou (2/8HA0 L) abuelo ojed Aiea g7 2611
‘aojwnd jej} Jo aU0z 100)-'0

‘2'6hYL ‘S’ LGF | 0} plemumop sasealosp Apides Jusjuod pieys
3OE|] ‘0'SPiz L Je paplamuou 0} sepeib (Ladidy) sauozqns
Ppapjamuou ‘auoz oljIA 10od-jeisAio buiids yedodoy
‘spaeys usamieq ||} (;senj09z) Auteib o,6e pue ‘edeys paano jeuibuo
UM SPIBYS YOB|q %G9 JO XUiew ul sojuy) sojwnd asusp ue-yud

W %Se-02 (L/5'9HS) (268 1-2'2vpL) 1eatoru] ola Aesb-yuid 1yby7
‘apIm wog -0l o} dn syoo|q eojwnd ouyIA-|[e

obie] %4,0¢ J0 suoz [eseq 100} +°0 ‘(¢ 01j092) [} JejnueiBbisiu) Aujeib
‘s{lem 8|qqnq 101181 ynm spreys Aeib yep %G.-G9 jo ssewpunosb

Uy Sojum oLWA AeiB B (2'2pL-9°981 L) 1AIB3U] OLINA YOOI T
*S2100

aojwnd ayeuboo oniniayds Apjeam ul ainjxs) AYiol} Jo sesle ‘Xujew
painxa} Axem *|go1od paurelt suy Aiaa ul soiuy) aoiwnd ayjoAys
pausliejies [[BwS %b-g ‘opim ww G 0) dn oyl aye] zuenb
punoIqans (9°9ekL-8°'2Ek L) uosnjaul pazjijoaz yat-ajyy yuid
‘spieys oe|q

%05 ssewpunolb ‘ww gL-01 Buibeiaae souyy ayie] zuenb Jejnbueqns

OUNA %L L-GL (8°ZEYL-G LEY L) [2AIBIU] YD11-0jUll] PEPMOID
*JUBIU02 OIHIA %09 O} %G6 woly sabueyd ssewpunolb /'gey |

‘usas ayoIq
ou ‘sousyd aulpiues %g-1 ‘ww G sbeiaae solyy| sure| zuenb
yep Jeinbueqns %/-G ‘JejnoISOA pue pajeulwe] SIlA sie
aoiwnd Jsbie| Auew ‘wuw gg 0} dn aoiwund %/ |-G ‘piemumop
(;o1nb.e) palsye atow Apybils ‘oulA [is ssewpunolb
‘(Alreued) saoge uey) pspjam ssa| ‘sojwnd abuelo
Jeinbueqns jo souereadde [eniul (L 9yt -£ 8LyL) (gadidL)
auozqns poapjem Ajdjeiapouw ‘auoz auA burids yedodog
‘sjuawbely

0109 91f1s »Mond Mooy, Buneald ‘0’6 Ly -0y L1 Wol) ainjoel)
[eluozioy Ajbuosys ‘eojwnd jo sxoojq abie| Aq parejndod

8U0Z Ul 0" L L-0°"F0P | 18 UOIBJUSLIO [eOILaA AjjuBuiluop

0} [ejuozyoy Ajueulwop wou safueyo uopisoduwios Assedb

JO olIsUBloRIRYD BINtORY) Jeaulnoal ‘souayd alnolq % 1>

PUE BUIPIUES %b-g ‘SOlul| 8Hie| ZUBNb umoIq-pal %2-1 SoIy|
piey ayjoAyl punolqns %G-f ‘@oiwnd ayeuboo loye sjods
au)|eISAI0 Yor|q 851200 ‘pap|am Ajosusp ‘OLNA “Yoelq ‘Juoo
auozqns aiAydonia 1omof Jood-jeishio bunds yedodog

Mojyse pappaq
0'Z9v!

—— 30Nd |'79P 1

€L9Y1

(4443

cepvl

— X174

g2Zerl
\ g LEpL
sap ZOIS

aseyd JodeA 00 L

L'Sevl
us)olq 0'vevl-eeey
pAdIuUn L*gey -G Lep

L8Pl
usxoiq
1'8LP1-C'91p1
SaInjoel) [eluoziioy
Buons 0617 L-0'V LY L

a1yl sujoAyl
Wwoy-y'80v1

SOINjoR.Y [EOILSA
ovivL-0'vOvL

PAdJUN £°001L-0°66€E L

NOIWINIYS =

AUSN3anar™

3715 MO

FIOH/ADOY .
RO "INV €00°100V6.250201NS

SINIWINOD

A201039

ONRINLOWY

ONIT1IM

uojodjjuireq

ot:m
oilw
mvm
E:Hm
WOQ:M
WONSM
W:ﬁuw
:5 3 woomm
s2 3| =
NOURIIV

yideq ool

984 9'¢Laey

884 |'edce

06- :uolouoU|
(1oo1pen) v/N

Y661 ‘LT 1des

ajoQ Do
uoisiop Bo1

9661 ‘gL Aonuor

¢e 10 1T Je8us

UOIDAS|3

Buupag

L0'¢

wionsbuz Qg

nl 2[0S

'1).0L =

(oz1

N

1 G'866.L9.
SSDUIPICOD IDJI0D

pajldwod  0'8L8L9S

AG pabbo

6-dS MSN “ON 8icH
108[0ld UIpUNOW DIONA

paunis

v661°'61 AON

SV TVNOIIVN VIANVS

YT



RN

NOUVINLYS

AUSN3A NG

‘sjods uj snoauejgolod Apybiis o) Buipeb suljeisAio

-0J0JW ‘snoiod ‘palolie oN)|08Z asuap ssewpunoib ‘onjoaz

8le %G Yyolym Jo ww z1-01 Buibeieae sonund yuid-abueso 6y
ajebuols Ayblls %0p-GE 198} 00S | mojeq ww /-G Buibelaae
ayie| zuenb o1lIA AISOW 94G-g 8W00a(q ‘Bz|s W $-g Buibelane
sojyy| JejnBuegns-ol-ienbue uoysodwod paxiw %e-1 9/8p!

*ww
G- oIyl alite} zuenb abeisae ww g-9 o1yl opjoAy abelaae
‘JUBJUOD PUE 8IS DIY}| PESEBIdU! UM (2/8HAS) anum yuid
WBI 6°G851 ‘Y%/-G O} JUSJUOD DIUY| MIEp Ul 8SeBIoU| £ 'E8Y L

“BOIW ONJIOLIBS S1B) UM ‘B)110lq pUE suIpiues

‘zuenb 9%2-| ‘e)l|08z 0} palslje sonund Jejnoisan syeubiod %/
-G ‘(uBIpISQO) SLYIA 818 BLIOS ‘XQUIN JUBPUNJE YIIM Paleloosse
ww g-g sowy piey Jembuedns aie) zuenb yiep 9%6-¢ ‘wuw
9-g Buibelaae sojyy| ajoAys JeinBueqgns snoauejjaolod apym
%01-/ ‘pauoddns-ise|o Ajeiued ‘einixa} (Apues) Jejnueibolojw
snosod Wb (g/24AG) AeiB-abuelo Wby ‘doy 1e (¢10s0sjed)
sU0z payomal Apjeam ‘1oelu0d Jeinbaul ng dieys - (F'$9/1
-6'64¥L) (€9BL) £ Hun Mmojpysy uopeuLIOd S|jIH 0912D

‘Buniale)

abins [eseq yum “AInbe paureiB-auy g6Ly1 (6°62¢1-L'8L¥1)
inojjey o1y reseq ‘(£°8/¢L-0'2Z 1) Ife} ediwnd o Buipeld
L'yOPL OYIBWIS (0°2LYL-E' 4.1 L) 4N) MOJYSY ‘BONBS %L
‘uess Jedsp|e} ou ‘safa zuenb o, 1> ‘XOUIN 20SSE LIIM SOIUY|
ale| zuenb WwW g- | UMOIQ-pal Yep %b-g ‘(;oe| zuenb)
solui wiw 0 1-¢ AeiB-yuid WBI %g-z ‘pazpijosz Apeam aojwnd
*0|S8A %-g ‘eoiund Jejnbuegns ww g-g Aeab-ubi| %51 ‘Ut
paxiomal Apjeam (2/24AG) Aeib-abueio WbY (8v/p1-6'2L1)
4ni pappag ‘xuyew Ayse ui ‘xoliAd aiel ‘suipiues Jesjo

%€-2 ‘saka zuenb % | ‘SOl sire| zHenb Miep Ww g-g %/

-G ‘eoiund -oisea yuid Wby %z 1-01 ‘eoiund ajeuboos ojosez 0}
alqIsIAUL %42- | ‘eaiwnd ww G asuap yuid Wb %0/ papjomuou
soiwnd (g/g4g) Aeib-yuid Wby (6221 1-0°29% L) 4Nt moyysy
ot Buipesb (0°£9%1 -1 ¥9¥1) I8} 8aiuing ‘soyund syeubod
padeys-Azzny Inq asuap %0p-GE ‘solyl| ale| zuenb yiep pue
suj[edo Aelb 6y Jenbue Jews ‘xXuyew ui jusiuod yse ybiy ng
ainixal paylomal Apues ‘(H/9HAS) umolg-abuelo Wbl (6°627L
-L'b9rL) 0o Yny peppag yny buuds yedodo]-aid

ol
alie| zuenb ww gg
G'ccsl

pAoJun
106V }1-v'68Y1

CWA 4]
698V}

U0z You-oIl| £'€8p}

/m Hun g’y
nojrey oyl L'8LY |

le} sowund 0221
4N} MOjUSe §vLH

o
Ty

[
<0

(U e [V

Hn} pappaq G'gLy It

#01 psppsg

1

37IS OO

JIOH/ADTY .
RO I €00°100¥6.2S020LNS

SINIWNOD

A901039

ONRINLOV / {

ONIa1M

uolipdjiuiiaeg

Hd YOdvA
‘HdOHL
o3z

NOLVIINY

orsl

@
Te]
I

G 1

1S 1

0S 1

O~
<t
~
Lo b

| T T S |

8Y L

pri e

N~
<
il

39V1004

uidaq ipiol

o4 9'¢Ley

paeiIdwod  0'8181L9S 3 §'866L9.

{eed |'edce

06~ UoHOUIIOU|
(o2pan) VN

9661 ‘S| Aonuor :eypQg 601
V661 ‘LT 1des

¢¢ 1O ¢ °8us

1),0lL

UONOAS|T

Bunoeag

uoisiep Bo7

Lo'e

wonsbuz g

nl +2[OOS

(0z1L

N

SODUIPIO0D) IDJ0D

AG pabfio]

Sav1 TVNOIIVN VIANVS

6-dS MS( “ON SicH
108[0ld UDJUNO DIONA

poLUDIS

661 ‘61 ADN

N3



PRI B .

T A o X o191 ]
uadoIq p'019L-€'609 -
PAOIUN £'609}-G'909 } ]
q o Q.F _l
! ‘mojjok-usaib ajed i ~— N
b ssewpunoJb ‘aojwnd Ajjeoadse ‘pazijijoaz AiBuong G'¥091-0'209H o ]
\ T (7T \T © 09 1
! .° ]
’ uex01q €865 k196G H o] ]
ﬁ # usyo.q £°G6G 1-L P65 12 -
{ 4 *sishioouayd ayoiq 18$$9| pue sulpiues zuenb © -
%e-| ‘suonisodwos Bujfiea jo sjuawbel; sbuelo-pal Jo umolq g -
¢ Lol -pal Jo pasodwod SaIY| %e-1 ‘Ouge) PayoIaNs YIMm OLYIA ale e 63 -]
ao1wnd swos ‘azis ww gg o} dn aojwnd abuelo WBI| %G2-%S | 4 -
‘Xrew palajje on|oaz ‘papjemuou (g/gHAS) Muid -sbuelo sjed 2 ]
1 * (G'2621-1°9861) (29®1) g Hun mopysy “w S|iiH 0lED——__ HuN 1°985 Lhe -
'98G1-6'P8G [f oL —
| 1] g ]
‘ww g-g abesane solyi “uid dasp o} uopelsye o108z o -
AN SN N u| eseasou| ‘suozqns Inojje} eaiund YoU-OIuN| 198G L-6'¥8S | o) -
’ Sy vl 8G 1]
p [ " o? u\A -
) -
) * o] ]
p [ ] - (9] Q
‘uoljele)e onjosz W S 7]
b 4. 1 ut aseasout W6 ‘suozqns o1yl abie| papmoId 0'PLG1-0'2261 0'P.51-0'2LS 1B _
SRy o= 151
N.MQM , i
! ! L .vn§m ]
N 7
i P |
p [ . d qvo“\A H
b - - w 2 Om _.l
] W 2
b ¢| # "0°2LS1 . .
molaq 1abuouis A[qeasljou ‘pIemumop Sssealoul Uoleziloaz . - ]
b L J o oo H
*s9109 89iwnd Jo 81nonis Jejn(je9 seAlasald 1ng ainixa) P -
b | o [euiBlo jo yonw sajelap|qe yaiym auyelsAio-osoiw yuid . 4] _I-
0} pazjjijoaz pue souayd auipiues 10 zuenb %[> ssewpunoib .Y -
! * I ‘azIs ww g sberaae soyl| ae| zuenb you-elsAo oy ame| |° ° ]
Je[nbue umo.q-pal Yiep %g-g ‘paziijoaz Ajelol o} usaib ajed zyenb ww ge 0'9¥S1 qQ i
Alan wouy so1wnd Jejn|9o Is|[BwWS %0 ‘aINixa} payolans yim . —
b
+ i ouyA so1wund Auew ‘wiw gg o} dn saiwund yuid WBi A1on abie) L 7l
%SG 1-g | “OfI[08Z ‘paplemuou (2/8HAG"Z) yuid-abuelo sjed e .
? 11, ; y (1°98G1-6'6/p1) 0D ‘g Jun MOoyysy “w SjjiH 09i[ed e ovgL—
2 28 8 B a8 3 o|s o
S 5 g 5898 AHEHHEERIE:
o m . — Ex 3 o
5 m g Qe 2lalg|s|32 = =
g =z =2 SO N JIOH/ADTY “L00VE S|18|18|12 = ™
2 g 89 kR £00'H00V6L2S020LNS NEANOD 3 2|9 |8 Bormmy

1884 9'¢ /¢y uolDAS]
:S9J0UIPIO0D) ID|I0D

06- :UoHDUIIOUl  }o4 1°€2T¢ uideq pjo)
v661 ‘LT 1des pafeldwod  0'8L8L9S 3 G'866L9L N

(;oweA) w/N :Buipeg
v661 ‘61 AOW palp)s

AQ pabbo]

9661 ‘gL Alonuor :8joQg 607
LO'g :uoistan B0
SaV1 TYNOILVN VIANYS

wiosbug apg

nl S[POS

1).olL

¢ 10 €T leays

6-0S MSN ‘N @IoH
Joslold UpINOA DOINA

(0z1




o M 0891
s 1 8 =@ =
v 1 §¢ 29
amw/ - m m. m_/ .hllu...
— N @ O © 0O
v, f—i -] 3 0
e 1 22 8¢
Ll et - F b 5 =
‘g o 1 N g
S 4 NN m 3
N N ]
LT ] RN S 1 w o o @
zpenb UMOIG-Pel |« - ] 1 =3 < 2
ww 2g-06991 S 4 723 =
nn M el 3 Q 150
- | o
Do\\ -}
Ps YWl 35 @ o0
I - m Q w m.
O - o } w. o®
e = 1 8a@ 2 2
o o 'l m m A.I.Uf W
D - . 3 Q2 Q
TV 1 8¢ 3
O 691~ = Q9
[ T/ ] 2R3
< - —
) o ] — O
o .n\l - %
o e| A 7
Q: —"" -}
5l Wl s 55 ¢
a -] Q Q Q Z
- 1 9§58 8
S 1 § a2
L] . bed m :m.. S
o =~ — |- - B ”._
a* [ - w N O O
l Ol-{\. — c NU D uNV
. Ny €91 m = 0 2
S - w W
¢ ) - n.L: Q @
OQ | - ll |on|\m. w
MDQM . % 3
QOOH -
sousld S 9 o T <
. et pozjosz(<° ] 1 38 g€ §
: auolq Jassa| pue zuenb ‘suipjues %gz-| ‘suoiisodwod Ainesy 0°2191-6'9191] - ° 1 a8 @ 8
Builiea 10 syl UMoIg-pal %b-g ‘W 69 0} dn oidoosololu (¢pamons| 2 =1 i - = W o
* ! woyy sabuel 1nq ‘ww G1> Ajpessuab aojwund sbuelo ‘jods yEp) 8U0Z -u,-A — N = = =
-mojjeA ajed %0g-G1 ‘PIeMUMOD SUBHIED 10]0D ‘pap[am palaje ,9'0-2'€19 s = ] Il m 0
4_ * -uou (g/gHAG 2) Aeib-pal ajed A1a ‘xurew pazyoaz Ajnesy ouo\.\y“ . o P M m
P &l (6°Ge/1-1°9851) (1U09) ‘g Hun MOpYSY “W S|iiH OIHED °g o] w52
W m m w w% m ~ - % M m ﬂ N -Iu. G - |
2 = 2 © m.o: =5 m g m =8 o o 2 3 T 3
g g 8 2452 S|12|8|5|3 2 2| = S ©J9
8 z R 29N JOHAOR  ¢40°100v6225020LNS AEIGEEEE = @
= 3 o m ROD "INV sINgAnOD | < | S | Nouvuawy Q




— 1

B

‘ww g o} dn aq Aew Ing ww g >

BuiBesane ‘ainixa} pue uogisodwos Buikiea Jo SOl UMOIG-PaI
%G-€ ‘ayiolq ‘aulpiues ‘zuenb jo sysfoousyd %46-€ ‘WW 0Z

> A)lesauab sound (1/gAS) AeiB-mojjoh %Ge-G L ‘Xulew paJalfe
pazijoaz AlYbiYy ‘papiamucu (g/g4AS) ebuelo-Aeib ajed

AI1e00] %01 01 dn UM SOILY| %G-€ “Jerowelp Wi
G 1> SISE[o yim (18} aoiwnd pauoddns-1se|o ‘|je) yse painixa}
snosue@alod ‘spaq oIyl-Wo ‘s|je} eowund pue sjje; yse [eseg

‘1oke| Aejo
yind-uowyes snosue|je2i0d Apjeam W Qg esusp “esiq Buippsg

"pappaq Apjeam “feaiq Buippad eans

"pappaq Apfeam yeauq Buippaq ajidns

"0'GeLL PUB €62/ ‘'S'80LL ‘0'V0LL ‘26891

e s)ealq Buippsq |eiyse 1o soiwnd uiyy ‘sousyd aiolq

pue aulpjues ‘zuenb %,z-| ‘sainixa} Bulkiea Jo soyl| ame|
zpenb punolgns umoig-pal 9%e-g ‘LWl g o} g Wolj sabuel Ing
‘wuw g A)lesausb sonund abuelo 0] mojaA ajed %0g-G1 Xulew
pap[em-uou paziy|oaz Ajineay (y/8HAG ) Aeib-pal sjed Aiaa
(6°6e£L-1°9851) (Ju02) ‘T Jun Mmoyysy “w4 SijiH 09129

“(v°v9/1-0°G€/1) (LoBL) L Jun Mopysy “w S[liH 09][8) ——— | Yun G'/&/ |

HHEZASIN

LML T)

8'8041-G'80L1

€Y0L1-0'v0LL

yealq Buippaq apgns
fian 2'9891-2°6891

NOIvINLyS
AMISOY¥Od
aoy
QNOO

0D 40 %

ASN3A Xng §

J7i8 RO

JIOH/AD3Y -
0D IV €00°L00¥6.2S0S01NS

ONITTIM
Hd YOdvA
‘HdOHIN
N0z

T \WARVTA R

uojodyuiAeq

[
Te
N
|

VL1

tr il

L1

L1

LZ L

P a bl

041

| T T N

69 L

2
E
[

1994 9°'¢ /¢y UolpAsl3
:SOJOUIPICOD) ID)I0D

06~ :uouoUloUl 1984 |"'€ggz ‘Uidaq Ipjol
v661 'L 1des pajeidwod  0'8L8L9S I §'86649L N

(loo1aA) w/N :Bulpag
7661 ‘61 AOW :paun)S

LO'Z :ucisian Boq
SEVT TYNOILVN VIANYS

9661 ‘gL Aonuor :epog 601
wioysbug ejpd :Ag pebboq

nl :SI03§

¢€ 10 G le_us

1.0l

6-dS MS(N “ON SicH
1080l UIOIUNO DOONA

(0zL




NOUWINIYS

AlSN3Q XNe

sese.d

! ) a® o 0c8l ]
sk 1 8 @ =z 0O
auoz pappeq Aluiy ‘64- 'Ll [ 4 o 8 % 9
lol. OI\].\ H e w. % O
S}SEO PEO| UM |s 3 [ ] W T o> 3
8uoz Iep 2 0L8 =] 4 32 o 2
-gojund e 018 o I~ 18l o N o muw.
ou yim suoz pappaq Ajuiy) paurelb sul 6°£181-6'€181 ° 1 8 % o g
‘Hed Jamof Ul s)sefo aojwnd punoigns paise %0 1-G ‘Sised ' - nl,.v -9 m
PEo| UM (/4H01) Jexiep Led [enusd gL L8| -/ 0181 ‘SISe S, /\A 1 = 8 2
aoiwnd payromas Aq pazusjoeseyo Led Jaddn ‘eucispues ) TN - | Mw =04
snosoeyn} ainjeww) (F/GHO L) umoig-pas sjed (£0281-+'5081) \82%58 v'E08lgs 41 = P
(sqoel) jjun auojspues snoaseynj jesegq “w- SjjiH 09}je — ]
— — =
Iy eouind 466 A= Bl s @02
e == 1 553 3
] 1 2aj ¢
4 3z @ =
1 4 T 328
— 1 N Q = [ —
I 1 35 & 3
b= 6L 1 = g -
m ] w—]
"pauios Aliood ‘doy paxiomal Ui (#°€081-7"66/ 1) Iig) 8olwnd  sound ‘60 m.m_r_v ~— ] 2 X 3
"$'66/1-8"/6/ 1 Wonoq Je pazyi|oez Ajbuols pue -1 ] - R
m pappaq ‘plemumop Jusjuod aolq pue sonund pasealoul Yim — . S
‘1951800 g'g6/ | ‘do} paxiomal 100)-g°9 ‘(2/ZHAS Z) UMoiq “pal .\\ ] s
0} sabueyo 10109 (¥'66/L-6'/8/ 1) I1B} 8aiund paueib esieo) — .
"pappaq AlUIY) 982/ 1-2"92 L} H(2/8AS) — 1] - = = o
uaalB-moy||eA ajed 0} paziijoaz Ajbuolls 9'08/1-£'€2. ) ‘do} R i m m % qu
poxtomal Aiqussod (6287 1-1°6// 1) I1e} eonund paurelb asieon i == -
‘llejyse snoauejaoiod PEPPAY AUILl- £'9LLH ] m m m. qu
[eseq Aq pamoj|o} ‘Xuyew painxa) Aebns paurelB-suld 0'g// 1 soiwnd ‘6o- F.mmw_v L1 — o) m. S Z
-2'69/1 ‘paq (e} @91wnd 18sIe09 ,2-6°89/ | ‘sise|o aoiund Aeib : | -W{V ] . 3 % 3
-mo|1aA oy suid oed (1°G// L-2'89/ 1) Ie} eaiwnd paujeib aul- | 4 2 o o O
WU fetns B 2601 PSS 1y § 25 %
G Buibeiane oyl umolg-pal %0 L ‘sousyd ayolq ‘edspio) frebns "6} 2 m_m_vmu . 1 8 - _w_ W
‘zZuenb %G 1-01 ‘901Wnd SIUM %0 L-L XINeW PAIBYE OMIOBZ 5oy nd By = = 4 o)
(2/81A01) umoug-moljieh ajed (2'89/ L-'+9/1) Jisodep moyysy $e89L) \l& 1 @ mf &
(£°0281-'¥9L1) (1goEL) HUnN YNt poppag “w SijiH 091[ed___}iN} MOJSY _ﬂqmw%mm b 4 4 3 w
yuid-ebuelo feseg|” [ 1 &
> o -t
{0 . -
I“ tn —
e QL1 © T =
. ) - [0] Q o O
ww Qg o ] Q & o 5
o} dn aq ueo Inq Www g abelane ey} SOIUY| UMOIG-Pal WNIpatl o 1 = = W A
%S 1-01 ‘sousayd ayjolq Jossa| ‘aulplues ‘zuenb 9,0 1-/ ‘Wl 320 — % = -z
0z > Ajjelsusb aowund mojjeh -Aeib 94,0g-02 ‘XuUiew palsie ) ] I m 0
paziijoaz A|ubiy ‘papjemuou (g/g4AS) abueio-Aelb sjed ﬁu: i o = M m
v (r'¥9/1-G/€/L) JU0I *L JUf) MOPYSY “W SI[IH 0[ED s aid w = oG
S 212518158 8| g = Vy
R JOHAO  ¢49'100p6£25020.LNS m 5 W glz = 7 = e °s
IO *IAY SINGANOD | =< % S | NouwEnv aQ




0Od

sjuof [eojaA

JenBa.l ‘sousyd suaxoiAd pue ajiolq ‘zuenb ‘redspis} %5-c¢
‘SOJUN| BUOIS)IS PaI paWW-UCHEIS}E pUe ‘UMoIg-pal ‘ajeulico
%E-2 ‘(¢ pazibie) paziijosz ‘Yos ‘sliym S| ssewpuncld
‘(¢,9seYd-10dEA JO) UONRIS)E ONIj0azZ Aq pZ|Xas AuBL

‘ssoloe ww gg o} dn aoiwnd Jeinbuegns ABBNA-1N||99 UuMoIq
-Ppa1 %02-0| ‘XUIew pazi|osz ‘papjamuou (L/8HAOL) ‘umoiq
oled Aion (8°6102-£'8981) (€daL) € Hun ‘UnL ssed moid

(1/8HAS 2) Aeib-abuelo ajed Alaa o} susiybi| 40j00 0'G98 1]

uoreoyIolIs pasealoul ‘Buipjem pasealoul 2'098 |

(¢, @seyd-10dea)

uoleolIolis Meam A1an ypm pajenosse Ajqissod ‘Buipjam

ut asealuoul Jubls g'098| ‘Wil uolelale yim sjuswbely
auols)|is Jejnbue UMOIg-pal pue JI0Xs UMoIg-pal ‘aleubod
Bujpn|oul ‘ebuet 8z|s W G-g Ul SOIYY| %E-g ‘Ww 0§ 0} dn pue
wuw g Buibeiane aowund yuid sjed 94,G2-G1 ‘Xijew pazposz
‘poplemuou ‘(2/8HA0 1) abuelo aed A1eA £°8981-8'GH8 L
‘sousyd susxoifd

pue amoiq ‘zuienb ‘xedsp|a) %/-G ‘W G> SOIUN| UMOLG-pal
%E-2 ‘ww G|> aonund sfiuelo sjed 9401~/ ‘XuUjew paziiosz
‘paplamuou ‘(g/8HAG L) umoig-abuelo Wbl 8'Sy8L-| L¥8 1

"0'9681 ® 8'GE81 ‘2°2E81 e sdo} iisodap MOjjyse ‘U0z paisie
snosojwind a1ouw Apybys yuid 100)-¢ £'8281 ‘0°LE8) -L0281
sainjoel} a|bue-ybiy teinbali ‘sousyd ajusxolAd aiel pue
‘antolq ‘ledspis; ‘zlenb 9,6-g ‘Ww g> suoisodwod jo abuel
SpIM B WO} SO %E-2 ‘Wi gL> Asow soiwnd SiUM %g-g
‘(lososled) palayieam 188} g°g 1addn ‘paisie onlj0sz ‘paulell
-auy ‘papjamuou ‘Gulow Ae16-mojoh yum (2/8HAS"Z) Mud

-abuelo afed (£°8981-£°0281) (bdaL) ¥ Hun ‘Ynl ssed moid ——

——gun 2’8984

o|yy| Jejnbue
ww 09-g'eS8l
9|qqn1 9'2G81-0'2S8|

A

do} mojjusy 0'9€81
do} mojjysy 8'Geg|

do} mopysy 2-2e8H

¥ iun 2028l

acy

Q3y3A00N

AISOUOA[ g

715 RO |-

AUSNIANING =
3400 40 %

NOUWINLYS

FIOH/AOY .
RO "INV £00°100v6.2S0€0LNS

ONId1IIM
Hd YOdvA
"HdOHIN
N0z

ONRNLOWA m; {

A901039
uojooljuaeq

- 0681
| ] m
. g % 9
_ a a
—— _ =+ =
= 1 8138¢
7 O
aed .V -
881 NI
N Q
o D
T [72]
s &
Q

HENEERNN

0481

98 1~

S8 1

78 1

€8 1

el

HdIa &
L

T

o9 |"€zee uideq Iojo)

06- :uoHoulou|

(loo1pen) /N Bunoeg
v661 ‘L2 1des ipaleldwo)  G'81819G 3 G§'866L9L N

7661 ‘61 ADN poUDIS

N [P R

10'Z :uolsian Boq
Sav1 TYNOIIVN VIANVS

9661 ‘St Aonuor :2jpg Bo1
wioysBbug aipq :Aq pebto]

nl BIO3S

L), 0l

¢e 10 [T ed8us

6-AdS MSN ‘ON SIoH
}08[01d UIUNON DIDNA

(0zL




0961 ]
= .
PAOIUN 6°616 L1616} — G6 |-
8|qanI 6°'6%6L- 1676 X -
"Xurew pazpijoaz Aubly ajqans L'ey61-£'€v6L ]|
‘pap|om alow Apybys ‘sofey aseyd-iodea b jlews ‘pauyep pASIUN _
T a1ow Azznj ss9) (G"¢/LHS) PeI0]od Jexep AuBys ‘G'6E6} 0'2v61-0'0v61 ! 6]
0 §'6E6L" ~ = i
*(uonez)|eIsAI081 pue sofey Azzny eble| Jebuoj ou) sojey 086 - — .
aliym Juby |rews o} saseaoep aseyd-1odea ‘0'ge6 1 PUNOLY o100 so JNOSQO 1SNP w ]
P Allo 0'8E6L-L'vE6Y = ]
*o%2-1 O} SOIUYY| Ul 8SE8I0ap pue 02e6M - ]
Aususiul eseyd-iodea u) eseslosp feuonepelb ‘0°2e6 | punosy M 86 1]
o|qgqni 0°ee61-G'1eb N
m ¢61
— i
1’916} u
pAIUN #° L1611 L6 -]
8|qqni +°L161-22 16 H ]
*Apubys sesealosp uonels)e aseyd-iodep 1'9161-0°016H r\\m 161
. ]
2 ‘syuiof [ejuoziioy Jejnba ] -
Ksan ‘sousyd auaxoifd ssel pue syjolq ‘zuenb ‘redspie) —7 06 _In
%p-¢ ‘Uoielsye aseyd-lodea ajym Jo sojey yim usyo -
‘auols)is pas pue uonisodwoo ayeulos sped [enba ‘soiyl ]
Jenbueqns ww -1 %g-1 ‘0100 pazi|eisiioal AGBnA uayo i
yiep punoie aseyd-iodea ajym Aq pawiwy ssuo sbie| ‘aojund —
te|nbueqns pais)je aseyd-iodea sjed 94,0z-01 ‘ssewpunoib =% ]
b Jejnuelbololw asuap ‘palajje 1j0az ‘papjam Apieam (2/gHsg"2) ]
AR ¥ | Aeib-pos ofed {(g'5L02-£'8981) 10D '€ Jun UnL Ssed moid — 681
[=-] =3 =2 3|0 -
B EEEEE 22[z]2[58 8| &
QO &% o o ol | >
o = = F9|H TIOHADR  ¢00°100+6225020 s|lzg|8|1 2 = "\
= 3 S& o0 ANy 00 HO0VBLES02OLINS SINIWINOD 3 3| |5 [ Nowveaw

1884 9'¢/cy UOUDAS]3
1SOJDUIPICOD I0JI0D

198 ('€2ee uidaq IpioL
v661 LT 1des pajeldwioD  0'81819S 3 S'866L9L N

06- :uoHoUoy|

(looweA) v/N :Bulpsg
661 ‘61 AO :paupDIS

AQ pebbiol

S8V1 TWNOILVN VIANVS

LO'Z :uoIsiep B0

9661 ‘g1 Alonuor 8y H07
wioysBu3 s

¢¢ JO 8¢ esus
1), 0L =4l :0[038

6-CS MS( ON SIoH
109[0)d UipJUNO DIONA

(oz1




P T I .

*8U0Z 00}-2°0 JUSIUOD DIYN| U1 asealoul SUOZ YoU-OIYl £°/202
p + ! WBlIs £°£20g ‘9zIS W G> |[BWS %i-g PUE 8ZIS WW S§2-§ %2

-1 '8'2202 Aq a1p Apsow solyy) eb.ej ‘euoz you-0ly}] 300§-8°0 .
] { ] 6°0202 ‘UOISIlIS pa 0 UuonisodLuoo umoiq-pas esuap jo jsow  OIP S 6] 8'2202
wuw gg o} dn sojyy| ab.e| ‘8uoz You-olun| 100J-°0 L8412 ‘%S guoz you-oIul 6°0202
s # -G 0} S8SEaIOU] JUSIUOD DU} 1d89Xe BAOGE O} Je(IWIS ‘(£°6602 77 ¢

! f| 1 ‘spua uoyjela)je aseyd-toden pue Buipjem 52102
‘eljoubew se paz|iqowal a4 ‘(¢ uoness)e oIjosz  SasesIoul J|e G202tk ~ -

10 0y|1B1e) areis Atapmod auym ureld suly Aloa 0} pazijjeisAioos SOSEAULYE 9'LLOgK ~
+ T+ soiwnd [e ‘saoiwnd abie) u) seyoled ajljoaz uaaib G'Z102
‘ssewpunolb jasusp ‘pauelb

Jauy (2/G'ZHAO1) 8uoz joejuco feuonepesb 9°1102-8'2002

*SIXE 2109 0},0€ Je suiol sejnbaul ‘sousayd suaxolid posoNE

! \ alel pue s)ijoiq ‘Jedsp|e} ‘zuenb %g-¢ ‘OA0qe UBY) PAISIE papjom al0W 22002 e
$s9] sluawbel) o1yl suolsHIS pal 1o d1eubod o,g-g ‘Bul|up

- | ] Aqg payonid Ayjensn ‘pazijelsAi0a1 pue Jejn|jeo ale aoiund —
' T abiel ww og-0| ‘uonez)eloulw aseyd Jodea Aq paoejdal |
L I sojund senbuegns __m.Em %/ _Tmr ‘ssewpunoib paziy|osez siow poulEs =
w auleIsAloooi ‘esusp ‘papiom Ajleied o) suinal g'200e Wey XUIBW §'v661 |
3 " ‘sisAIoousyd auaxoifd aiel pue spjoiq Jedspis) ‘zuenb —_—
%G-¢ ‘(snoaoiwnd Ajqeqousd) oy sul|eISAID 851202 "SBO00 N8} 01661
L[l ‘soley ajijeway Buons Yum paziyjoaz soju)l suoIsilis pal |jews |
i T %g-1‘oiwnd paualey Apjeam |[BWS %0 |-, ‘Paz||e1shioal %S
-08 ‘omjoaz Ajeresapow (p/gus) Aesb-yuid ajed ‘(¢ poapjom ssa)) 8786 Tn%mmcmsr x
. Y i }NBJ MOJOq 8SUBP SS8| LONLU 3204 ‘SIXe 8109 0} ,0/-GZ 1B 19SH0 (pozyBie) ueouq —
- . . ¢ . -n* (A 1
. . dis-dip 198} 229 "1s8 ybno: ‘efnob ynej onseid 2'1661-0" 1661 fi0s &'e86 F-Nw%%w- N
8lqqni 2'2861-8" 186 H- -
v \ $9SB8108p
- T T ) aseyd-lodea 0'086| =
[ [ ] Sl
] « i % . aoiund tenbue —
[lews jo pazij[eAioa) Jo juswaoe|dal 0} pauyuod ‘SaSEaI0ap
] ! uonezijessuiw aseyd-iodea ‘0’0861 punole ‘ausxolid N
alel pue ayiolq ‘zuenb ‘iedspis} %€ ‘ofey syreway
S TIT Aneay ypm paziijosz Ajiaesy Solyll| You-94 suwlos ‘auoisyis pal ]
T ¥ q pue uonisodwod a)eubos sued [enba ‘soyy) Jenbuegns ww ]
L 1) -1 %L ‘ainixs} sound pajeuiwe] 1aye siousiul ABBNA yum \IA
sauo Jafie| ‘uonelaye aseyd Jodea Aq pazi|eisiioal aojund —]
pauayej} AjgieIspouwl [jews %01~/ ‘ssewpunolb Jejnuelb .
i 111 -010lWw asuap paialje oriloaz AUBlY ‘papiem Ajeied (5-g/LHS) —Z

N

UOIDAS]

yideq [ojoL

3 G'866L9.

$OIDUIPIO0D ID[I0D

o8d1'edce
984 9'¢Lel

Bunonag
paupig

uououoy|

paeidwod  0'8L8L9S

06~
(10oweA} W/N
7661 ‘61 ADN

v661 ‘LT 1das

ajpQ 607
uoisiop Bo1

A pefiBbon
SEV1 TVYNOILYN VIANYS

L0C

9661 'sL Alonuor
al B|D0g
wionusbug apq

I L |, ¥ | Aeib-passied (8'G102-2'898L) U0 ‘g Jun YnL ssed moid
2 3 = 2R 2
< 5 g BEQS 9|2
9 & Q
s 2 =2 B9 & JIOH/ADOR . g
2 g ] 2OD I £00°100¥6.2S020.LNS SINTAINGS m z

g€ 10 6C fesus

),0ol

6-AS MSM “ON SIoH
108[01d UIDJUNOW DOONA

N0z

'Hd YOdVA
omiay
(ozL

ONIGTIM

uojoajjHAeq




Zeerie 3 - .

001¢Z ]

"Saye|} aH0lq %1-G"0 ‘souayd zpenb M ]

[BIPBUND %E-Z ‘BUBX0IAd %G -808l} ‘BUIPIUES %2-| ‘SOIUM| L WUN £°S608 {5 |.

BU0)S}|IS pal 10 JIUBDJOA UMOIG-pal asuap Jeinbue ww y-g "o .

[JEWS 9%E-| ‘8Inixa} 8102 Jol[8l Ule}al awos Ing paziijoaz A||ejo) o, “ 7]

Aeau sjuswibel) aoiwund asusp pajeulwe| SAULIIBWOS PaI0|0d ] m.dW“u. .

-ajed renbueqns ww Q|- %/2-S2 ‘(¢ )sse|b yoe|q jo spieys A= 60¢—

-0JOJL J8)jEe X|leW U] 8}1j08z Usalb BAl0 %8-9 ‘palslje N0z ..q ‘ ]

Ainesy ‘papjamuou o} Apjeam (z/8AG°2) auum-mojjeA afed 7 -

(a1-€°6602) yun sood-ojyy (1daL) L Hun ‘ynL ssed moid N 3

¢°§o< H

R Yo .

) i

M 80C—

Qn“ -~

\Bd -]

o O ]

b 7 -

L& 102

== H

a= .

u Ll s -]

o o J 7

AO ¢ 1

*aliisufew ojul pazijqowsas 84 ‘s8100 eslwnd (paziosz) wao., —= oomlu

uaaib Aq papioads st ¥ool ‘(pazioaz ¢408-G/) sawnd passye e ]|

ajqewsasip Ajaieq ‘Xuiew aujeisAioolou felb-yuid yb) poz09z b, ° = -

Alan ‘uoneJa)e a1)1j08z umolg-usaib jo sayored yiep #5502 Anesy #6602 = ]

& ]

*a)ljoubew [enpisal Yyim ssewl a)|osz-redsp|s) o M G0Z—

-zuenb pauielb asie0d oju) pazijeisAioal ssound paleulue] o ? i

abue| 'ssewpunoib Jejnuelbosonu palsye Ajeiol ybnosyy suoz |, 1 1

LJOM,, SWI0J |BlI9jeW Jue)siSal 1opley JO SJUOIJOABM-0IoIW UaL-oIYN| 0" LY 02T N

snonuis ‘a}ljoaz usaib Aq paoejdal soiwund %G6g-G2 ‘Umolq P -

9109 Sa¥eW UONBIAYE DIIj08Z Ul 8SBaIOUl 9°'9¥02-9°0E02 4, ]

‘sysMioousyd susxoiAd asel pue spjolq ‘sedspie) b -

‘zuenb ¢,G-g ‘aaibap abie| 0} pazijijoaz soiund e ‘seoiwund o° -

abire| ul Sqo|q a}j0az usaib saonpoid ‘UmMolq 8100 SI0jOOS|P g 149

uoneisye oljoaz Buoss Ayojed ‘uonisodulod auo)S)IS pPas . i

10 umolIg-pal asuap jo Ajsow wuw Gz o} dn soiyy abie| ‘g Nun P -]

] U] UBY) palalje SSa} SOIYY| SUolS)iS pal Jo ajeubod Jenbuegns o ]

[[BUWsS %G L-G ‘aoiwnd Jenbue |[ews %G1-0} ‘ssewpunolb . -

I paJa)[e oljoaz ‘paplemuou (g/gHg) Aeib-pai ofed (€°6602  uopessye omjosz| *° ] ]

11, V -§°'GL02) JU0d Jun YIL-IYH] g HUN HNL SSEd MOl fneay §'9402-9'0802, o -

2 2 8 532 Q Sl lols 5 m|00%
S = & E838 212|585 8 B| g
5 m G 50| e Qiz|lg|s|2 E = =

g & = RBQ|R JOHADM  ¢40°1006225020LNS S|§|e| £ 0 "
= 3 oM RO "INV SINTNINOD m 5| ® | g Nowvaanvw

N

SOJDUIPICOD) 1[I0

uideq |pjo}

1994 9°¢LcY UOHDASI]

pajeidwoD  0'81L819S 3 S'866L9.

o8] 1'edce

uoyouoy|

06-
(I021pen) /N :Buioag

v661 ‘LT 1des
7661 ‘61 AN :peuDIS

uoision Bo
AQ pabbioq

Sav1 TVNOIVN VIANVS

Lo’

9661 ‘gL Aronuor :2joQg 601
ul $OJ00S
woysbug epg

¢e 10 0F esus

.ol

6-AS MSN “ON SIoH
108[01d UIDJUNON DIONA

(ozL




*saye|} aIN0Iq % 1-G°0 ‘sousyd zuenb |eipayns

%g-2 ‘auaxolid 9,G'-a0.l} ‘aUIPIUBS %Z-| ‘SOIUl| SUOISYIS
pal o DJUEDJOA UMOIG-Pal asusp Je[nbue W $-Z ||ews %
-1 ‘8nx9} 2109 10121 UIB}a) SUL0S INg paziijosaz Ajjelol Ajesu
sjuswbel} aound asusp psjeulWE] SSWNSLOS Pa1ojod -aed
JenbBueqgns wiw 01- %/2-62 ‘(¢)sse|b %oB|q Jo SpIeysoloiw
Ja}je Xuleul U a)lj0az uaaib aAlj0 9%48-9 ‘Uonela)e o|lj0az
Aneay ‘papjamucu o Apjeam (2/gAG 2) Slum-mojeA sied
(a1-g°6602) Juoo ‘yun Jood-oiyy] ‘L HUN YnL Ssed mold

pAoaun £'0G1e-1'0S1e
o|qani L'0Sle-g'6vie

919Nt 0'gvle-g'lele
pAolun g°LyLe-S' Ly le

9IqanJ 6°601L2-€¥01e

rSoIyll| passle snoauejsolod umolq wnipsw (wa g o) dn) abie; Jo suoz g'/Gle-£' /G |o/mmee

LTI

=N

L HReLTTARDAN YT

(741

- O - - ) b
— N D < 0 0
— — — — — —
o o~ o~ N ] N
| NI N AN U A TN 0 T A A A T T A A T A A O I I T O A

prr b

NOUVUNLYS!

AUSNIA X NG=

AlSOYOdt—3-

3713 ROO |-

JIOH/ADTY .
ROD "INV €00°}00¥622S0201NS

‘SININWNOD

A201039

ONRINLOWY m

ONI1IM

ucjpIyiAea

0012
=

z 3 m g
67| =
NOUWvy3nv

o8 1'€2ee uideq IojoL

06- sucHoUIIOU|

9661 ‘1 Aonuor :ejpd 607

¢e¢ 10 1€ jesus

(OzL:1),0L = ul :©jos

1984 9'¢/cl UOHDASIT

v661 Lz 1d9S (pae|dwoD  0'8L8LYS A §'866L9L N

(loo1pan) w/N :Bulpeg

LO'Z :ucisian B0

wioysBu3 gipq :Aq pebBo

6-AS MSN “ON SIoH
108[01d UIPJUNON DODNA

7661 ‘61 ADIN :pojDIS 1S9JOUIPIO0D) D)0

S8V1 TVNOILVN VIANVS




9|OH jJo 1004 - gl'Ecee

—F—&

NOLYYNLYS

ALISNIQ ANeg

AISOUO
asy
QN0
00 40 %

PAdIUN 6°€1ee-G'E1ed

1
I~—1
9|qqN! 6'€122-8'2 423 X
=S
—
|~
'
M
I —
O \
=
—
]
]
\I\
saye)} a0lq % 1-G0 ‘sousyd zuenb |eipayna
%g-g ‘auaxolAd s,G 0-80B.1) ‘BUIPIUBS %Z-| ‘SOl SUOls)IS -
pal 10 DIUBO|OA UMOIQ-pal asuap Jejnbue ww -z [[BwsS %g
-| ‘@2Injxa] 9102 Jolj2J Ufela) BWOS NG pazii0az Ajjeio) Auesu [
sjuawbel) soiund asusp pajeulLIe| SOWBWOS pato|od-afed ~—
Jeinfueqns ww 0 L-g %Z2-S2 ‘(&)sseib oe|q 1o spieysosolw k
Jaye Xujew Ul a)1j0az Uusalb aAlj0 %48-9 ‘uoliela)je o|j0az i
Aneay ‘pspjemuou o} Apjeam (2/8AG"2) snum-mo|jak ajed
« (aL-e°6602) oo ‘pun 10od-a1yyy ‘L HUN YNl ssed moid
——
(@] -n (w] = B
M TOHAO  ¢40-00p6/25020LNS 8|§|3|8| 20 "
0D "INV ISINTNINOD m ] @ S | Nouwuany

A

LgC

0¢¢—

o] O~
— —
o N
Levv v v v brvr v ey

vl

N~
HId3d &I

1984 |'€Z2e :uideq IpjoL

06- :uoHUIoU|

9661 'L Aionuor g0 601

Ze 1o gg lesys
1), 0l = .l ‘81008

1984 9'¢/ ¢y ‘uolipAsq

V661 ‘LT 1des pajeIdwoDd  0'81L8L9S 3 §'866L9L N

(oo1eA) v/N :Buunsg

10" :uoisien Bo1

(oz1

wioysBug apg :Aq pebBo

6-dS MSN “ON 8i°H
JO8[0ld UIDIUNON DOINA

7661 ‘61 ADN :paLDIS SSIOUIPIOOD I0JI0D

S8V1 TIVNOILYN VIANYS




Appendix C: Core Recovery Data

Appendix C: Core Recovery Data 83




65 I Sp 7€ I'L 1'0ES 19 I€ I €€ 60 LT $'S0€ 0€

85 I 16 6€ £F 0'€zs 09 i€ I LL £ 96 8'20€ 6T :

LS I ¥6 89 7L L'81S 6S o€ I 9 7€ 0L TL6T 8T :

9§ I € $T 6L SIS 86 6T I S6 08 '8 7067 LT _

95 I 0S Lt 'S 9'€0S LS 9z I 88 €5 09 8'18C 9z

SS I 29 L€ 09 T'86Y 95 vT I 09 SE 8's 8'6LT ST ‘

S I 89 61 8T TT6Y 99 €T I L6 09 79 0'0LZ A

S I ST €1 TS v'687 S 7T I 001 L6 L'6 8'€97 €T

€5 I 9¢ v'T 99 TY8Y €S 7 I 66 v'6 $'6 1'¥ST 7 “._

€5 1 08 €€ Iy 9'LLY 49 1T I 001 69 69 9T 114 V

s I 8 8'€ 08 SELY IS 0T I 16 06 66 L'LET 07 ..

Is I ¥s 6C 'S SS9y 0s 61 I 68 €8 €6 817 61

IS I 6 06 96 1°09% 6 61 I 001 001 001 $'817 81

0S I LS e 'S S5y 8v 81 I 0 00 €6 $'807 Ll

6v I 19 9 76 I'sv¥ Ly Ll I 0 00 08 7661 91

8 I 88 9 €L 6'SEY o LY 1 98 I's 6§ T'161 S 8 :

Ly I 16 L8 96 9'8TY St 91 I 81 Lt €6 €681 1 2

Ly I 8L VL $6 0'61¥ a4 91 I 08 9§ oL 0'9LI €l =z |

Ly I €6 L9 TL S'60¥ 137 St I 1L 89 9'6 6091 Al 5 ;

9y 1 9% '8 68 £70¥ w 1 1 001 €8 €8 7651 I 3

Sh I 39 Sy '8 ¥'€6€ 182 €l I 8T L't 86 111 () =

b I 98 08 £6 6'48€ oy €l I L6 $'6 86 €1 6 8 :

w I LS %2 SL 9'SLE 6¢ (A I 4 £y 86 1€l 8 = “.

182 I 09 Iy 89 1'89¢ 8¢ 11 I 66 86 66 L'ITE L 2 “

6€ I 69 €€ 8y €'19€ LE 6 I 001 86 86 8111 9 T ‘

8¢ I 7L L9 €6 $'95€ 9¢ 8 I 001 66 66 0201 S &

9€ I 6 76 8'6 TLYE s€ L I 9% €6 L6 1'26 ¥ a

43 I L8 79 I'L V'LEE v 9 I 86 €6 $'6 ¥'78 € m :

e I 66 $'6 96 €0EE €€ ¥ I 001 86 86 6L z 7]

€€ I 08 L 76 L0TE € z I 86 €6 56 1'€9 I 2 :

43 1 001 09 09 SIIE 1€ I I - - - 9'gS 0 =

. (1uo210d) Goap) . . (1ussiad) (ee)) )

chey oomos Moy R, NN wewos b ON, eomos  Kmsoow 00, U woms o :

[$00°SY6ASO000000L— *€00"SU6ASO000000ILLE ‘200" SY6ASO000000INL-T [#00°SY6AS0000000WL *€00"SY6ASO000000ILLE ‘Z00"SY6ASO000000NL~T ﬂ.
‘100'SY6ASO000000WL-T (SNLLQ ‘sioquinu Supjoen-ejeq) s301n0g) ‘100°SY6ASO000000LL-T :(SN.LQ ‘s1oquinu Supyoen-eie(y) s90Inos] :

(panunuo)) eyed A1anosay 2109 : -0 a|qelL ejeq A1an00ay 3109 :1-) d|qel S



P11 I yL L1 €T S'€C6 XA 8 I 8L (A3 Iy SYTL 6
€11 I 0 00 $°01 T1T6 44 ¥8 1 06 ¥'s 09 $'0TL 16
€11 1 19 ¥'e 9'¢ 8016 121 £8 I 16 LL S8 YL 06
Al I o€ L0 €T 7°506 0z1 18 I SL £y LS 6'S0L 68
Al I 69 1'e Sy 6706 611 08 1 €L L? L€ T00L 88
111 I (%3 90 8’1 868 811 6L 1 YL 99 68 $'969 L8
111 I 61 L1 06 9968 L1l 8L 1 99 £'9 9°6 9°L89 98
o1l I w 0T €6 9188 911 9L 1 09 9'G £6 0'8L9 S8
o1l I ST Sl 19 £'8L8 8 SL 1 99 (47 ¥'9 L'899 78
601 I LE LT L TTL8 P11 ¥L 1 14 a4 0's £'799 £8
801 1 6¢ (A3 T8 0°698 €11 YL 1 Ly 71 0€ €159 78
LO1 1 L9’ I's 9L 8958 (48! €L 1 09 0t 0's €959 18
901 1 88 S'E (137 T6v8 44 €L 1 0S (Al v £'6v9 08
501 1 001 8'6 86 TSH8 o011 (4 1 0C 01 6 6'9v9 6L
£01 1 001 z01 01 $'6€8 601 7L 1 A I'e 09 0'Th9 8L
701 1 001 '8 '8 (AYA] 801 1L I 09 (S I'6 09€9 LL
001 1 001 £ €€ 8918 LOT 0L 1 | 1 £6 6'929 9L
001 1 ¥6 9'9 oL S€I8 901 oL 1 (4 I'e 09 9'L19 SL
86 1 €6 oL S'L $'908 501 69 1 LL TL £6 9119 YL
L6 1 86 'S S'S 0°'66L 01 89 I 1L (A7 6'S £709 €L
$6 1 LS I't $'s S€6L £01 99 I $9 S'€ S'S ¥'965 (4
56 1 o 97 (137 1'88L 01 99 1 L8 (A 09 6'06S IL
6 1- w 'l oS 1'¥8L 101 9 I LS 9y '8 6'48S 0L
¥6 1 66 9'8 L3 I'6LL 001 €9 1 78 8l T 8'9LS 69
£6 1 £6 L 08 ¥'OLL 66 £9 1 4 L1 89 9'vLS 89
6 1 88 ¥'9 €L VoL 86 79 1 L 0T €L 8'L9S L9
06 1 €9 oY 9 1°sSL L6 29 1 9L L' 6t $'09¢ 99
68 1 88 Le (47 LshL 96 19 1 LL ¥ 147 9°65S 59
38 1 08 se 144 Syl 6 09 1 A3 o€ €6 TS $9
L8 1 0s LT ¥'c 1'obL ¥6 09 1 16 £y Ly 61V £9
L8 1 001 01 T 0l L'vEL €6 6S 1 6€ 8'C I'L TLES 79
. (yuaouad) (109)) . . (uaosad) (e9)) .
shey ounes  Ammowew N, JUNN wowes N B, ewnos  Remom  p,00n. oy Wows N

[¥00°SY6ASO000000NL-Y €00"ST6ASO000000NLE ‘200" SA6ASC000000NL—C
{100°SY6ASO0000Q0INL-T (SN.LQ ‘s1aquinu Sup{oen-eje() s20mog]
(penunuo)) ejeq A12A009Y 3109 :1-0 3]qeL

[¥00°SY6AS0000000NLY *€00°SY6ASO00C000N.L-€ ‘200" SY6ASO000000INL-T
100°SY6ASO000000INL-T (SNLQ ‘siequinu Supjoen-eje() se2mog]
(panunuon) ejeq Ataaooaay alo) :1-9 sjqel

85

Appendix C: Core Recovery Data




0L1 I 65 I's 9'8 8'69¢1 81 8¢l 1 0S (A4 147 8'6L01 ¥S1
691 1 6L I'9 LL 7’1921 ¥81 LET 1 LS 149 ¥'6 P'SLO1 £61
L91 I 9L 6'€ I's YA €81 9¢l I ¥6 6'S €9 0'9901 ST
991 1 YL 9’6 9L 8Tl 781 SEl 1 8¢ 8'€ $9 L'6501 IS1
So1 I 7L Ls 6L 8°0vTl 181 pel 1 08 8’1 't T'€501 0s1
91 I €L 9'¢ 6 6'T€T1 081 pel 1 S6 TL 9L 1'1501 6v1
€91 1 1L (4 7 08221 6L1 €€l 1 I8 o'y LS Sev01 8yl
€91 I 19 I'e I's S'€TT1 8LI Zel 1 $6 L'y 0 8'L€01 Lyl
791 ! 9L 8'C 9L $'8121 LLY 1€l 1 L 9'¢ I's 8'7¢£01 9p1
191 1 8¢ 1'C 9t 80121 9Lt ogl 1 6€ 0T 'S L'L701 Shl
091 I 8L L9 9'8 T'L0T1 SL1 621 1 L9 1 1'C 92201 144!
651 I 6L $'S oL 9'8611 PLI 621 | Lc 01 L'E 6'0Z01 34!
861 I 8 8'9 08 9’1611 €Ll 8ZI1 | 0S L' ¥'s 8'9101 (A4
951 I 19 v'e 9'¢ 9'¢811 TLl Lzl 1 £ 1 Ly $'1101 1§41
SS1 I €L 8'S 08 0'8LII 1LY LTt 1 43 ST 8y L'9001 oyl
€51 1 6L Sl 61 0°0L1T oLt 971 1 9¢ 6'€ oL 6'1001 6€1
€61 I €6 ¥'6 101 1'8911 691 ¥ A 1 oL 8¢ P'S 6'v66 8¢l
161 I 001 6'1 61 0'8STI 891 STl 1 98 144 I's $'686 LEY
0s1 ! 14 9'C 8L 1'9ST1 L91 A I (4 £'¢ 9y ¥'486 9¢1
6v1 I 16 8V €S £'8p11 991 £21 I 9€ o1 147 8'6L6 GEl
14 1 96 £s ol 0'Ep1l 591 (44| 1 89 9T 8'c y'SLG yel
Lp1 1 69 9'¢ (AY S'LETT ¥91 121 I ) LE I'S 9'1L6 €€l
9p1 I £9 0'S 6L €TEN £91 121 I L8 14 6'€ $'996 TEl
Sp1 1 001 19 1'9 1474\ 291 0zl 1 SE 8’1 I's 9'796 1€l
124! 1 8 I'y 0'S £8I11 191 611 1 £ Le I's $'LS6 0¢€l
341 1 16 0'6 6'6 AN 091 811l 1 81 80 vy $'256 621
Tl 1 ¥8 Ly 9'¢ ¥'€011 651 811 1 L9 123 I's 0'8¥6 8C1
841 1 9L 97 147 8'L601 861 LI1 1 Ly A4 I's 6'Th6 LTl
oyl 1 89 0'¢ 1472 $'$601 LS1 911 1 78 L'e Sy 8'L£6 9Z1
ovl 1 6L I'v (ALY 0'0601 961 S11 1 8P €7 8y £'€€6 Al
6E1 1 o¢ 8’1 0's 8'¥801 9 ! 1 8¢ 61 0 5'826 24!
. (yuoasad) (109)) . . (3usosad) (voay) .
by oomos  mmsou 0 G wewen SN N comes  mwwu 000, S woepes 2
[$00'SA6ASO000000NL *£00'ST6ASO000000IAL~E ‘200’ SU6ASO000000NL—T [+00°'SU6ASCO00000NL— *€00'SU6ASO000000ALL-E *T00'SU6ASO000000N.L2
100°SU6ASO000000WL-T ((SN.LA ‘sloquinu Supyoe-gie() soomog] 100°'SY6ASO000000.LT $(SN.LQ ‘stoqunu Supjoes-eie) s901n0os]

(panunuon) eleq A1oA00aY 3109 1 1-) 3jqe). (panunuo)) ejeq A1an093Y 109 :1-0 a|qeL

Geology of the USW SD-9 Drill Hole, Yucca Mountain, Nevada

86



A

pTIAN - 2 - .

yET € 001 L6 L6 (ANTA LT L0T I 001 TS TS Tyl 91T
274 € 001 6'6 6'6 S'00LI 9T 907 I 001 6'6 6'6 0691 Iz
(A%4 [4 001 56 6 90691 S 74 S0T I 001 9'6 96 1651 1214
(A%4 [4 001 L6 L6 11891 244 ¥0T I 001 ¥'6 v'6 S'6vPl €1
1€2 [A 001 TL L $1L91 £¥T £02 I 001 9'6 9'6 1'ovvl A\
0€7 [4 001 v'6 ¥'6 1991 (A% 20T I 001 €8 €8 S'0EY1 e
62T (A 00! $'6 6 89591 1§44 10T 1 ¥6 S'L 08 Tl 01t
144 [4 001 9'6 9'6 £'5h91 ove 661 I 001 £y £y (4482 60T
8¢ [4 LL ¥L 9'6 L'SE91 6€T 861 [ 86 ¥'6 9'6 6'60¥1 802
LTT [4 L8 6 901 19291 8€7 961 I €L TL 8'6 £00¥1 LOT
44 [4 911 L T9 $'6191 LET ¥61 I 86 09 19 $'06¢1 90T
¥TT [A 8¢ L1 Sy £'6091 9€T £61 I 06 9'9 €L Al S0T
¥eT [4 001 $'6 $'6 87091 €T 161 I £8 '8 8'6 I'LLE1 ¥0T
(444 [4 001 L6 L6 £'5651 14X4 631 I 001 (A4 (44 £'L9¢1 €0T
k44 [4 001 56 $'6 9°6861 €€T 831 I 88 8¢ (A 1'€9¢1 70T
612 [4 001 L6 L6 1'9LS1 [A%4 L81 I 88 TS 6'S 665€1 10T
81T (4 001 $'6 $'6 799651 £x4 981 I 6 ¥'S 6'S 0'¥SEl 002
L1T (A £5 0's $'6 6'956S1 0T ¥81 [ 001 81 'l 1'8v€1 661
91T [4 911 8's 0's PLYST 62C €81 I op (%7 L6 £'9p¢l 861
SIT (4 £6 ¥'c 'S 1 &472]! 87T €31 I 001 6'9 6'9 9°9¢€! L61
51T [A 001 z01 zol 9'9¢61 LTT 081 I SL 90 80 L'62El 961
yIT [A 001 L6 L6 ¥'9251 97C 081 I 0§ I't 79 6'82€l S61
Tie [A 001 6 $'6 L9181 4 6L1 I LL 9y 09 L'TeTel ¥61
e (4 001 £6 £6 T'LOSI 1444 8L1 I ¥$ 8Y 6'8 L9IEL £61
012 [4 001 6'S 6'S 6'L6¥1 €27 LLY I £8 98 €01 8°L0¢€1 761
60T [4 001 £0 £0 0T6vl (444 SLI [ 001 8’ 8’ S'L6T1 161
60T [4 06 60 01 L16v1 12e SL1 I 9 8¢ 89 L'S6TY 061
60T A €l T0 Sl L0671 0ze PLI I £ 07 Ly 6'88¢1 681
60T I 001 0's 0 T68Y1 61T £L1 I ¥8 TS 79 T8l 881
80T I 001 6'v 6y T8yl 81T Ll I ¥8 (44 0's 08LTl L8]
LOT I 001 IS I's £6LYI LIT 1L1 I L6 I'g (4 0ELTl 981
. (usosad) (109y) . . (yuoousad) (1e9)) .
aboa ones Ao o Tl pmma  SoWE g oRy comes  Amoow 00 (O wowos O
[¥00"SY6ASO000C00N.L— *€00°SY6ASO000000NLE *T00'SY6ASOC00000NL—C [¥00°S¥6AS0000000W.L- +£00°SU6ASO000000N.I-E ‘200" SY6ASO000000NL-T
*100"SY6ASO000000.L-1 (SNLQ ‘sraqunu Supjoen-eleq) §901nog] *100°SY6ASOC00000NL-T (SN.LQ ‘ssequinu Supjoen-ele() saoInog)

(panupuo)) eyeg A1aA009Y 3109 :1-0 3lqeL (penunuog) eleq A19A093Y 3109 :|-0 3jqelL

87

Core Recovery Data

Appendix C




65T € 86 68 1’6 78961 8LT
65T € 001 €6 €6 £'6561 LLT
14 001 6 76 1°¢2ee LoE LST € V6 SL 08 0°0S61 9LT
182 14 96 (A 96 6'€1ee 90¢ 95T € 6¢ £l 13 0Ty6l SLT
08¢ 4 001 L6 L6 €0TT SoE 95T € 001 S9 S9 L8261 LT
6LC 4 001 001 001 9Y61C 0€ 134 £ 001 1’6 1’6 T'Te6l €LT
8LT 4 66 §6 96 9'v81T €0¢ 1474 £ I8 Ls oL €261 TLT
8LT 14 001 s I's 0'SLIT 20¢ 1274 € L 1A% I'e 19161 1.2
LLT 14 001 S'6 S6 6'691¢ 10€ [A%4 € 001 6 14] 00161 0LT
LLT 14 001 L6 L6 7'091C 00¢ (A4 € 001 S'6 §6 9°0061 69T
9LT 4 €6 €8 6’8 L0512 66¢ 15T € 00t 6 7’6 1'1681 897
9LT 4 S6 €9 9'9 8'1viC 86C 0sT € 001 96 96 L1881 L9T
SLT 14 66 6’6 001 Teele L6T 6¥C £ 001 L6 L6 1'2L81 99¢
€LT 14 001 S'6 S'6 (2741 96¢ Lyt £ 001 L6 Le 2981 €9¢
LT 14 001 9'6 9'6 L'S1IT S6c e € 001 9L 9L L'Ts81 9T
1.2 14 001 7’6 6 1'901T 6T e € 001 'L I'L ['SP81 €92
oLt 14 66 Le 8'6 L'960T £6C 174 € 66 T6 €6 0'8¢81 79C
69T 4 001 001 0’01 6'980C 6T 414 € 001 $'6 $'6 L8781 192
89C 14 001 S6 $'6 6'9L0T 162 eve € 001 S'6 S6 76181 092
L9t 14 001 §6 6 ¥°L90T 062 eve € 001 96 9'6 L6081 65T
99T 4 S6 €8 L8 6°LS0T 68¢ (444 € 001 96 9'6 1°0081 86T
§9t 14 001 £6 €6 T6v0T 88¢ 8§74 € 001 8'6 86 G'06L1 LST
¥9¢ 14 66 [A] £'6 6'6£0C L8T 844 £ 001 S6 ¢6 L'08L1 95T
£9¢C € 001 §'6 S6 9°0£0T 98¢ ove € 001 9'6 9'6 TILLY §st
£9¢ € 001 $6 S'6 1°'120¢ 114 6¢C € 001 9T 9T 9°19L1 1474
£9C £ 001 €6 £6 91102 8¢ 6¢C € 66 76 €6 06SLI £5T
9C € 001 8L 8L £'700T £8¢ 8¢T ) 001 66 66 LevLl (A4
29¢ £ 001 I'e I'e Sv661 [4:14 LeT € 001 90 90 8'6¢L! IS¢
192 € 001 Ve Ve y'1661 182 JAY4 € 66 $'6 9'6 T6ELT 05T
19¢ € V6 06 9'6 3861 082 cee 1) SOt 101 96 9°6CLI 6vC
09¢ € 001 0oL 00l '8L61 6LC See £ 001 8'6 86 0ocLl 81t
. (yuaosad) (o)) . . (3usasad) Goay)
covg omos  hmwooon B0 SN wows N G ewmes Mmoo 0., b wewed g

[+00'SY6ASC000000NL-Y “€00°SU6ASO000000INL-E ‘T00'SY6ASO000000N.L—CT
$100°SY6ASO000000.L-T (SN ‘sroqunu Supydes-eje() s32Inog]
(panupuos) ejeq A1ono00ay 2109 [1-D djqel.

[+00°'SY6ASO000000NIL *€00°SY6ASOO00000LL-E “T00'S Y6ASO000000N.L—C
$100°SU6ASO000000W.L-T (SNILA ‘siequinu Supjoesi-eieq) sa2inog]
{(panuiuo)) ejeq A1anooay 910 :|-J 9[qeL

Geology of the USW SD-9 Drill Hole, Yucca Mountain, Nevada

88




Appendix D: Rock Quality Designation (RQD) Data

Appendix Dz Rock Quality Desigriation (RQD) Data 89




P
09 89 L6'C - - vy 9'65S 9 4% 187 08¢ - - T6 Loze 43 ~
09 0 000 - - £6 1SS ¥9 1€ £9 08'¢ - - 09 Slig 1€ .,.
65 9L 8S°¢ - - Ly 6'1¥S £9 1€ (44 09°0 - - LT $'s0¢€ 0¢ ﬂ_
65 ST 8Ll - - I'L T'LES 79 0¢ e 06't - - 9'G 8'70¢ 6T ,
8S 8z 9’1 - - I'L 1'0€S 19 6T 0 000 - - 0L TL6T 8T ;
LS 6 6£°0 - - £y 0'€2s 09 9 €€ 08'C - - ¥'8 7062 Lz :
95 £6 0L'9 - - TL L'8IS 65 vT 0z 0T'1 - - 09 8187 9 _.
95 0 000 - - 6L SIS 8¢ £ Sl $8°0 - - 'S 8'SLT ST :
39 ¢ 06'1 - - 'S 9'€0S LS w 6 06'S - - 79 0'0L2 74
129 0T 0T’ - - 09 T'86¥ 95 w 96 0£'6 - - L6 8'€92 €T :
129 0s or'1 - - 8T (A4 ss 1T 66 or'6 - - $'6 1'¥ST (44 "
€S 61 00'1 - - TS ¥'68% ¥ 0T 6 059 - - 69 9T 1z W
€S 0 000 - - 9'9 T8Y €S 61 88 9.'8 - - 6'6 L'LET 0T |
(43 Is 01T - - I'v 9'LLY (48 61 68 0€'8 - - £6 8'LTC 61 :
IS 6¢ or'g - - 08 S'ELY IS 8l 66 06'6 - - 001 $'81T 81 m
IS L 0r'0 - - 'S $'S9¥ 0 L1 0 000 - - £6 $'807 L1 .
0s 8 07’8 - - 9'6 1'09% 6 L1 0 000 - - 0'8 661 91 m M,
6 £ STl - - 'S S'0Sy 8 91 98 or°s - - 6'S T'161 Sl 2 |
8t 9T or'z - - 76 1Sty Ly 91 8l oL'1 - - £6 €681 1 Nn.
Ly €L 0g's - - €L 6'SEY 9% S1 LL or's - - 0L 09L1 £l s
Ly ST or'T - - 9'6 9'8Z¥ S vl 69 099 - - 9'6 0'691 4 m :
Ly 0 000 - - $'6 0'61% 144 €1 96 00'8 - - €8 7651 1 =
9 €5 08'¢ - - TL $'60Y £ €1 8T 0L - - 8'6 I'1S1 o1 S |
Sy 6 0r'8 - - 6'8 €70 (47 zl 6 00'6 - - 8'6 €191 6 I~ W
44 61 09'1 - - $'8 ¥'€6€ 1§72 1 91 09'1 - - 8'6 S'Igl 8 m _
(44 9 009 - - £'6 6'78¢ o 6 8L oL'L - - 6'6 L'1Tl L T
Iy or 00°€ - - S'L 9'GLE 6¢ 8 L 0¢'L - - 8'6 8111 9 T ;
6¢ oy 0L'T - - 8'9 1'89¢ 8¢ L 66 086 - - 6'6 0201 S o
8¢ L1 08'0 - - 8y £'19¢ LE 9 S8 0T'8 - - L6 1'26 14 & |
9¢ 85 or's - - €6 $'95¢ 9¢ 4 £8 8L - - $'6 ¥'78 € = |
' 6¢ 8 0z'8 - - 86 TLYE 93 4 14 0r'0 - - 8'6 6'TL (4 =
173 98 019 - - I'L y'LEE 1% I 8f 65 - - $'6 1'€9 I £ ”
€€ 18 08'L - - 9'6 £'0EE £ I - - - - - 9'€S 0 w |
[1e3)] [109)] [1994] [109)] g
o WO gouey 4908 gugy u_%_m_,m_ .hwm“_m 0N uny oo QO gougy 4008 i6uoy _ﬁm%_ww_ :mmw.w_m oN uny S
paisn[py mey leasau| paisn(py mey jeasay| o |
[200"9adNS6ASO000LL *(N.LA) 901n08) [200"4EdNS6ASO000INL (NLQ) 22:n0§] H

S0

(Penunuo) ele@ AOY UNY-2109 |- dlgeL * ejed dOH Uny-a109 :1-g s|qeL



91

(RQD) Data

ion

Rock Quality Designati

Appendix D

611  TC ' 0 000 I's 9796 1€l 06 v 00°€ - - €L v'TL 86
8Ir 91 08'0 L LEO s $'LS6 o€l 68 0z 01 - - '9 1'SSL L6
8il 0l 90 ) 90 A4 256 6C1 88 1€ 01 - - (A4 L'8pL 96
LIt 99 9g€ - - I's 0'8v6 8zl L8 6 00 - - 124 ShyL $6
911 0l 050 - - I's 6'TH6 Lzl L8 s 08T - - 149 1rovL v6
sir 8¢ 9Tl - - (7 8'LEG 9zl $8 L6 066 - - 701 L'YEL £6
pIL 61 260 - - 8y £'EE6 94 8 vy 081 - - I'y SVl 6
yIr 0T 001 - - 0's $'826 44! £8 9  06€ - - 09 #'0zL 16
€1 ST 80 - - €T $'€T6 €2l 18 v Ol'L - - $'8 yriL 06
€0 000 - - 701 7’126 (44| 08 L9 08¢ - - Ls 6'S0L 68
i Lz oSt - - 9§ 8'016 121 6L g  Opl - - Le 7'00L 88
i 8y oIl - - £ 7'506 0zl 8L L9 009 - - 68 $'969 L8
1 ¥9 06T - - Sy 6206 611 oL 19 €8¢ - - 9'6 9'L89 98
1nm e oo - - 81 7’868 8I1 SL vS  €0'S - - €6 0'8L9 58
o1 0 000 - - 0'6 9'968 L1l L 9§  95°€ - - 143 L'899 8
oI 11 00'1 - - £6 9'L88 N L ve 0Ll - - 0's €799 £8
601 8 050 - - 1'9 £'8L8 s1 €L 0 000 - - 0'€ €'LS9 8
801 1T 05’1 - - TL 7L At €L 8 06’ - - 0's €959 18
L0111 060 - - 8 0'598 £l (4 0 000 - - VT €659 08
91 79  OLY - - 9L 8'958 Al L A 650 - - 6 6'9%9 6L
s01 88  0S°E - - 0y T6v8 11 1L o€ 181 - - 09 0'TH9 8L
€01 6  ST6 - - 8'6 T'sp8 011 0L vS 06 - - 1'6 0'9€9 LL
01 6L 0I' - - A1) '6es 601 0L 0 000 - - €6 6'929 oL
001 68 Sy'L - - '8 (A4 801 69 Le €T - - 09 9L19 SL
001 €L O¥T - - £t 8'918 LOI 89 s ors - - £'6 9’119 L
86 09  0C¥ - - oL SEl8 901 99 9%  0LT - - 6'S €209 €L
L6 LE LT - - S'L $'908 S0l 99 €S 06T - - $'S '965 7L
$6 9  90°€ - - 'S 0'66L 01 9 L 09% - - 09 6'065 1L
<6 61 001 - - 'S S'E6L €01 €9 € 06’1 - - '8 678 oL
6 0 000 - - (132 1'88L z01 £9 Sy 001 - - (A4 8'9LS 69
V6 0 000 - - 0's 18L 101 (4 9| 001 - - 89 9'vLS 89
€6 €8 tTL - - L'g I'6LL 001 9 0 000 - - €L 8'L9S L9
6 LL L1 - - 08 YOLL 66 19 133 191 - - 6 09§ 99
[1a)] fiea)] 29, [109] [1034] 29,
o.mua GO yguey 4908 (iguay _UHMU_NM :Wz%m "ON Uny o.mw_n_ WY gouey 4908 Gguay h%_ww_ :W:.mm ‘oN uny
paisn[py mey fersaul paisnfpy mey [EAIRU)

200" 43dNS6ASO000NL (NLQ) 92100§]
(penunuo)) el QOY UNY-8109 |- 3|qeL

(200" 43dNS6ASO000N.L :(N.LQ) 221n0§]
(penunuog) eleq oY uny-a109 :1-q sjqeL




031 Sh 80°€ 9i 60°1 69 9°9¢€1 L61 9yt 0 000 0 000 (A SLETL 91
081 O 000 0 000 80 L'6TEL 961 ¥l oF 61°¢ 81 11 6L £'Tell €91 3
6L1 8 o1t St 060 9 6'8CEl 561 74! 8¢ (453 6 96°C 1’9 yyell 91 ;
8Ll 8z oLl 8T oLl 09 LTeel ¥61 1341 19 $0°€ (372 S1'T oS €811l 191 .
LL 8 SLO 0 00°0 68 L91El £61 44l SL oL oL 169 66 eI 091 -
SLL oL 9Z'L 0S o1 €01 8°L0€1 61 154 S 1 1° see 6€ 91T 9 €01l 651 '
SL1 92 90 0 000 8’ S'L6T1 161 orr  TE ort ¥T 080 ¥e 8'L601 861 )
yLI 87 68'1 6 850 89 L'S6T1 061 ovl Iy 08t o¢ 65°1 1A% ¥'¥601 LSY
€Ll 61 06°0 6 0r0 LYy 68821 681 6€1 Seg 081 L 9¢’0 (A9 00601 91
w1 €T 2 Al %4 ZA! 79 T8I 881 8€1 81 06°0 81 06°0 0 83801 SST
L1 LS 98T 89 86T 0 0'8LZ1 L8Y LET 6 or'o 0 000 4% 8'6L01 ¥S1 _y
oLt Ly 0s°'1 ¥T 8L0 Tt 0°€LTl 981 9¢1 €€ 90°¢ 4! 60°1 ¥'6 ¥'sL01 €61 g’
691 91 171 0 000 98 86921 S81 SE1 09 18°€ 81 pI'l £9 09901 61 A
91 0 000 0 000 8L 19Tl ¥81 23 8¢ S¥'T I€ 66'1 9 L6501 Is1
91 T 61°1 0 000 0s yesel £81 YEL  bP £6°0 0 000 1T T'€s01 0s1
591 6 0L0 9 Sv°0 9L ¥'8pTI 781 13 SRS 7 65°S - - 9L 11501 6v1
2 1 S ¥4 01z L <0 6L 8'orTi 181 el I8 09y - - L's SEp0l 8p1 m
€91 62 o'l ST Al 6t Y AAA 081 el 8 1487 - - Y 8°LE0T Lyl 2
£91 1€ or'l 8 YAl Sy 0'8ztl 6L1 0ocl 9§ 88°C - - I's 8'2£01 9p1 .Nn
42 SR 114 001 8 (1j40] I's s€TTl 8L1 6zl I 0L0 - - I's L'Leol Spl 'S
191 IS 06°¢ 24 8¢'E 9L 81Tl LLY 621 0 000 - - 1z 97201 24! m
091 02 €L0 0C €L0 9¢ 80121 9L1 8Tl (44 080 - - L'E $0Z01 1541 =
651 0T oLl 1 0z'1 9'8 T'Lotl SLI Lzl €€ 081 14 £L°0 ¥'s 89101 wl m
861 €€ 0£C 12 001 oL 9'8611 ¥LI LTl I 050 0 000 Ly 1101 Il 4 :
951 1€ SH'T £ s8'1 08 91611 €L1 9Z1 ST 11 0 000 1187 L9001 ovl m :
SS1 T €€l L 8€°0 9'¢ 9¢811 7Ll szl 1€ 81'C ot 69°0 0L 61001 6E1 T
€1 9T L0T S1 1Tl 08 0'8LI1 IL1 STl (%% 0EC i SL'O 'S 6766 8¢l m .“
€1 9T 0s°0 0 00°0 6'1 00LIT oLt AN 7/ XA 0 000 I's $'686 LET o ;
151 8L 98'L 6¢ 6°¢ 1ol 18911 691 1A S A3 6v'1 0 000 9y 86 9¢1 2 |
0st 0 000 0 000 6'1 08511 801 44! 0 000 - - 144 8'6L6 Sel w |
6¥1 £ €T 9 20T 8L 19511 L91 1IZ1 og S1°1 - - 8'€ ¥'SL6 PEL > “
81 0§ 19T 8P 95T £ £8yil 991 121 81 06°0 - - I's 91L6 €€l £
bl 65 £2°€ 8¢ L0T [y 0erll S91 Al 9 001 o¢ 6€'1 6'€ 5996 (4% w..
f1e9)] [LELT 3 [109)] (FEETY) 99 9
m.m.ﬂ_ aoH  pupy  #OOH F,_Jm.._e._ %ﬂ.ﬁ :Wmﬁ.mm *ON uny o.mu y aoH  pusy  4ODH u_mm:m._ u_%ﬂw :sz_m ‘oN uny m ~
paisnipy mey [eAtsul paisnipy mey fensaiul © W
[200 94 NS6ASO000NLL ((N.LA) 201n0S] [200"9EdNS6AS0000I.L :(N.LQ) 231n08] |
(panunuo)) eleq AOY uny-alo) :1-q dlqeL (panunuo)) ejeg qoy uny-ai0) :1-g alqeL S




PR

9T L6 06'9 69 €6y I'L 1'sv81 £97 91z T8 08'L YL 10°L $'6 6951 0€2
e I 06'T S1 €'l £6 0'8€81 792 SIT 001 00 ¥8 wy 0's VLPST 6T
€T 8 09t 184 06'€ $'6 L8781 192 SIz €6 ws 98 9%t 8's YT¥s1  8Te
€C 001  0S'6 68 05’8 $'6 T6181 092 viz 98 08'8 8 09'8 Tol 99¢51  LTT
wT 001 096 001 096 96 L6081 65 it 1L 769 9 0z'9 Lé6 y9Ts1 922
WwZ 101 £L6 101 0L6 9'6 10081 8¢ nez o 000 0 000 $'6 L9IST  §Ze
Wz  00f 086 66 0L'6 86 S06L1 LST 01z 6 8’8 €L 6L'9 €6 TLOST  bee
ovc  ¥6 ¥6'8 16 89°8 $'6 LO8Ll 95T 60C 6 or's 99 6'€ 6'S 6'L6Y1 €22
6T 6 93°'8 68 ¥5'8 96 TILL ST 60 0 000 0 000 £0 0zerl  TTT
6€T 01 9T 9¢ 91 9T 9'19L1 5T 60T 06 06°0 0 000 0'1 L'16v1 122
8T 86 01'6 68 0€'8 €6 0'65L1 €67 60 0 000 0 000 Sl LO6PT 02T
LET  S6 €56 16 006 6'6 L'6¥L1  TST 80 7L 09°¢ 29 or'g 0's T68YT 61T
LT L9 0r0 L9 0r'0 9'0 8'6EL1 152 Loz 8 0p0 8 0b'0 6 T8yl 8IT
ST 88 1¥'8 €8 66'L 9'6 T6ELT  0ST LOT  $O1  0E'S 9L 06'€ I's €6Lyl  LIT
ST 01 €001 66 556 9'6 9'6TL1 6¥C 90z L6 $0°'S 98 Sty (A9 T 91T
YT 06 08'8 7L o1'L 86 0°0ZLI 8T S0z 6S 08'S vy or'y 6'6 069v1  SIT
€€T L6 £v'6 08 08'L L6 TOILL  L¥T Y0T €01 066 98 8’8 9'6 I'6SP1  vIT
€T 001  0TOl €6 Sv'6 701 S00Ll 91T €0z 001  OF'6 €2 Le v'6 S'6tpl €1z
€T 001  0S6 001  0S6 $6 £°0691 She 0T 86 8€6 ¥E LTe 96 rovrl it
1€ €01 OL'6 01 SS°6 ¥'6 80891 it 10z 8¢ 184 9¢ 00°€ €8 S'0EYl 11z
0£C 801  I8'L 801 I8 TL ¥1L91 €V 661  SI 61°1 Sl 61'1 0'8 TTwl 01T
62 001  6£6 001  6£6 ¥'6 TY991 T 861 €9 oLt 6 or'o 7 TYIPL 60T
8t T8 LL'L 99 0€'9 $'6 8591 1874 961 8¢ 89'C 1 $0°1 9'6 6'60P1 80T
8t 86 £v'6 86 LE6 9'6 €SPl 0T 61 LE 09°€ 11 80’1 86 £00b1  LOT
e 69 099 8P S9'p 9'6 L'SE91 65T €61 €9 98¢ 0 000 1'9 S06€1 90T
A AN 05’8 LL (A 9'6 19291  8¢¢ 161 b 0T’ P1 00°1 €L y'¥8€1  SOT
A 86 69 86t TL $9191  L£T 681 Tt (17414 0 000 8'6 I'LLEl V0T
¥Zz 8L 0S'€ ZL A SP £6091  9¢T 881  of 05’1 01 or'0 (% €L9E1  €0T
T LE 4% 8¢ 69T $'6 8v091  SET L81 0 000 0 000 (A 1'€9€l 20T
12z 8L 85°L €€ we L6 £G6ST  PET 981 L (0] L 0b'0 6'S 6'65€1 102
61 €6 08'8 19 8L'G $'6 96861 €€ ¥81 0T 0T'1 1 $8°0 6'S 0¥SEl 002
81z 86 €5°6 08 LLL L6 I'9LS1  2€T €81 v 080 0 000 81 I'svel 661
LIT  TOL  OL'6 €L 06'9 $'6 #9951 1€ €81 8 SLO S 670 L6 £9¥El 861
[esj] [1a9y] a9 [193)] [1034] 99
on T wpuer O geuer el woneq  -on uny i Bl toal oo o uny
pasnipy mey lersBy] paisn[py mey leay

[200"93dNS6ASO0C0NL :(N.LQ) 991n08]
(panunuo)) ejeq QoY uny-a109 :1-qQ 3|qeL

[200"49dNS6AS0000INL :(N.LQ) 221n0§]
(penunuo)) ereg QDY uny-a109 :i-d djqeL

93

Rock Quality Designation (RQD) Data

Appendix D




TLe 08 WL IL L9 ] oseie 962
LT 8T oLe 0z 061 9'6 Lsue $6T
0LT 6C oLt ¥4 00T ¥'6 1’9012 Y6T
697 68 898 98 8¢'8 86 L9602 £6C
89¢ £€ og'e 0t 00t 00l 69802 262
L9T L8 LT'8 [4} 08'L £6 6'9L0C 162
99¢ ¥9 019 ¥9 01'9 g6 ¥'L90T 06¢
g9t LS g6’y 149 08'v L' 6'L50T 68¢
J ¥9¢ YL 069 129 16 £6 T'6v0C 88¢
£9¢ LL ST'L 19 £9'¢ £'6 6'6£0T L8T
£9C 001 056 001 05°6 g6 9°0€02 98¢
£9T L6 02’6 96 01'6 $'6 11202 $8¢
9T 98 008 c8 09°L £'6 9°'110C $8¢
(44 66 oL'L S6 ov'L 8L £200C £8¢
19¢ 601 8E't LL 8E'C I't S'p661 8¢
19¢C £6 't £6 ar’e P'e ¥'1661 182
09T L8 (4% 9L oe'L 9'6 08861 08¢
S Tp—— 65T 6 9E6 SLTSL 00l p'8L6T  6LT
mel FuIp10921 10 [[20 10U PIP P3[[LIP S19M S[BAISIUI 9SO} SWN S} 6sc L6 L8'8 88 w8 I'e 8961 8Lt
Suunp soejd ur sampaooid [eo1uyos) oy 9sned3q 939]jdwoour 1o Fut wmw MW~ NMM MM MWM NM NMMM” MMM
SSIUI JoUII0 oI (3 $'HT11) €91 URY) SSO] PAIqUINY SUNI 2100 10 e, ot o . or oL cre o oz
18¢ 66 P1°6 86 00'6 6 1'€2Te LOE §5¢ 6L srs (49 ov'e $'9 L3861 PLT
08¢ 98 LT'8 ¥s sI'e 9'6 6€ITT 90¢ bsT 001 48] 001 90'6 I'6 (A4S €LT
6LT 06 IL'8 YL ST'L L6 £0TC sog 1254 9L 0e's 9¢ 06t oL 1'¢261 TLT
8LT 96 9'6 96 85°6 001 9¥61T 0t (454 1) 01°C £C o1 1'9 19161 ILT
8LT 66 05'6 66 Ly'6 9'6 9¥8I1T €0¢ (44 98 01'8 IL 0L'9 v'6 00161 0L
LLT 001 0o1's ¥8 0y I's O'sLIT <0¢ IST (49 06'v 1S 08y S6 90061 69¢
LLT 86 (4] 86 Te'6 ¢'6 6'691¢ 10€ 0s¢ L9 0e’9 19 oL's 4] 1'1681 89¢C
9T £6 006 ¥8 01°8 L6 ¥'091¢ 00€ 6veC 61 081 Sl It 9'6 L1881 L9T
9Lt 6L 00°L 8L $6'0 68 L'0S1T 66T Lyt 86 05'6 L8 Lv'8 L6 1'TL81 99¢
SLT Ly ore 6C 06°1 9'9 8'Ivic 86¢ LyT c01 $8'6 101 18'6 L6 ¥'2981 §9¢
€LT 86 86 6 £6'S 0’01 CSEIT L6T 9 98 <59 €8 0t'9 9L LTe81 9T
[109)] [109)] 09, [1094] [109)] 09,
oo GO yguey 4008 oy Dot wouog  on un oBod WU gouey 90 ey laoest wonon oy un
paisn(py mey lensaul paisnlpy mey |eAlai)

[200"9adNS6ASO000INL :(NLA) 201n08]
(penunuod) ejeg @OH uUny-a109 |- d|qeL

(200" 93dNS6AS0000NL :(N.LQ) 921n0g]
(penunuog) ejed @OY UNY-2109 :1-g alqeL

Geology of the USW SD-9 Drill Hole, Yucca Mountain, Nevada

94

[
’
!
;
.



Sere.d - .

n
9¢ (44 144 =" o9 9L 8% Sy -- 0ze ¢
9T € L1 == 0g9 6V oy 144 - ore
61 L4 e - 029 91 9 01 - 00¢ I:]
[4Y 14! €S == 019 €C S 1€ - 06¢ a
09 8 [43 -= 009 6 0 A - 08¢ \nD.u,
84 S 89 == 065 68 LL $6 -- 0LT [
(44 81 e - 08S L6 16 L6 - 092 5
01 v S - oLs 66 6 L6 - 0se g
9¢ 0T 144 -= 09¢ 98 L9 06 - 0vc .m.
L 14 14! - 0ss 09 ss 68 -- 0€2 a
8¢ 0c 6¢ == ovs 001 66 86 - 0Te .m.
(217 91 Ly - 0€s Sl L Sl - 012 S
89 6€ 6L - 0z$ b 0 01 - 00¢ o
S S €l -- (1189 Sy 0 0s - 061 nm
6¢ I 6¢ - 00s 144 1 123 -- 081 a8
0 0 ¢l -- 06v 0L St oL - 0Ll m
€l € 9 == 08y 98 6L L8 - 091 S
[4% 61 [44 -- oLy Le 61 9¢ - 051 a8
6L £9 [4:] - 09 S8 09 18 - ovi <
L1 S Y4 == 11974 | 4 [4 LT - oel
LL 9¢ 14 -- (V47 129 8¢ LL - 0cl1
LL 8¢ (4% -- oev LL €L 6L - o1
89 4! [4 - 1744 16 69 96 - 001
YL 61 09 -- oty 18 L9 8 - 06
99 L 69 == 10,014 £9 9 09 == 08
o¢ 6 v - 06¢€ 144 1 81 - oL .
144 14 IS - 08¢ == -- 1€ - 09
Lz L LE -- 0LE -- -- -- -- 0s
84 o1 144 -- 09¢ == -- -- -- ov ,
€8 6¢ LL -- 0s€e -- - == - o€ |
99 8¢ G8 == ove -- - == == 0C |
8 IS 8L - 0ee - -- - - 01
aod aoy aod aod REC aod aoyd aoyd aod [199)] |
pasueyu3g 2109 ‘fpv mey woyog paoueyu3 2109 ‘Iov mey woyog |
ZyL1e's Apms woddns Buyiig [eASu) ZyLeg Apms yoddns Bujjg [eAISU] |
' "
[690°200€66106ZANS “NLA-THI'1°€'8 [690°C00E661#06ZANS “NLA-ZHI1'1'€'S 7
Apmg 1oJ sanjea {1-( 2]qel wolj pandwod sanjea poddng Sulu( :s901n0g}] Apmg 10§ sanjea [- 9[qe) woly pandwod sanfea poddng Suruq :s90mog] |

(psnunuog) sieasayu) joo-gL Aq sanjep qoH :2-a algeL sfeAsaiu] 1004-01 Aq SanjeA OY :2-a slqeL



|
W Lz v ¥ €y : 0821 51 v 91 9 095
| 0T 0 g1 I .oLel ve 3 6€ z 056
| € v 8 0 0921 Y44 € 1z 0 o6
W 1 S €1 9 0szI I I 61 0 06 .
| 61 8 Lz 61 ovel 0 0 4 0 026
| 1z 8 LT 0z 0€el 81 % £ 0 016
8¢ € v LE 0z21 9 € 1 0 006
€z 61 0 91 0121 0 0 8 0 068
or 6 1€ 91 00Z1 L S 1 0 088
| 0z 0 82 L1 0611 8 0 91 - 0L8
| €€ A ST €1 0811 6 91 9 - 098
| 69 €€ 89 1€ OLI1 6€ 81 68 - 0S8
| LE €1 SE T 0911 6 8L 98 - ovs
| €S 8¢ 0s 182 0S11 09 8¥ 8 - 0c8
W 81 91 T a ovI1 €9 4s €L - 0z8
| 65 e 8y 1€ A 0S 61 Sy - 018
| L9 6V 59 €S 0z11 1€ 8 I - 008
| 1L 152 oL 6S o111 0 0 % - 061
| 14 81 (44 (47 0011 (4 9 SL - 08L
| 0 0 Lz (Al 0601 L 79 89 - oLL
| 6 S A/ L 0801 43 Al o€ - 09L
| 19 ST 6v S 0L01 L1 L 0z - 0SL
| € 0T a4 0T 0901 96 87 €L - ovL
€S 6Y 9L 0 0501 09 152 L - 0EL
| L9 0¢ SL 0 0v01 S 91 €L - 0zL
L1 z 12 0 0€01 oL 6 €L - 01L
1 ¥ 9z L 0201 6¢ 9 LS - 00L
91 0 7T T 0101 gs 61 79 - 069
| 8y 1 LE Al 0001 79 1 99 - 089
(A 0 67 1 066 1€ % 0S - 0L9
¥ 0 ST 0 086 ¥ L 9T - 099
(44 01 7T ¥1 0L6 S £ S1 - 059
aoy aoy aqod aod {ELT)| aod aod aod Ao [1e9)]
pasueyug 210n ‘v mey woyog pasueyugy 210D ‘Ipv mey wonog
ZviLes Apms yoddng Bujiiua [BasRu| Zyreg Apms uoddng Bupiug leasayul
[690°200€661706ZANS “NLA-ZHI'T°E'8 [690°Z00€661706ZINS “NLA-Z¥1'1°€'8
Apmg JoJ sanjea 1-( 21qe1 woiy pandwod sanjea poddng Suiju( :$921n08] Apmig J0J sanea ‘1-( 21qel woiy pandwos sanjea woddng Surjju :$901n0g]

(panunuo)) sjeasaju) j00-01 Aq sanjep QOH :2-A dlqel (penunuo)) sjeatazu] 1004-01 Aq sanjep QDY i2-a 8lqel

Geology of the USW SD-9 Drill Hole, Yucca Mountain, Nevada

96



pAAa

]

£

- - Is 9¢ 0z61 - - 65 1€ 0091
- - 8 oL 0161 - - 98 6v 0651
- - €S zs 0061 - - 96 €L 08¢1
- - 65 €S 0681 - - 101 SL 0LS§1
- - 93 0€ 0881 - - 88 €L 0951
- - 66 16 0L81 - - 6 8 0sS1
- - L6 96 0981 - - 68 S8 0vs1
- - 6 9L 0581 - - LL 1L 0€S1
- - 44 9z 0v81 - - T 1z 0zs1
- - 9v 8¢ 0€81 - - - 69 €S 0181
- - 96 98 0z81 - - €8 99 00S1
- - 001 001 0181 - - 6€ 143 06v1
- - 101 101 0081 - - 6 9L 081
- - 001 86 06L1 - - (4 6v oLy1
- - 6 16 08LI - - 66 14 09¥1
- - v6 8 OLLI - - 001 (44 0S¥l
- - 86 98 09L1 - - 96 e ovpl
- - <6 16 0SLI - - 8y 1€ oeyl
- - L8 (43 ovLl - - g€ €1 0yl
- - 66 01 0ELI - - 6T 1 011
- - 06 €L 0zLl - - 8¢ o1 00v1
- - L6 18 01L1 - - 39 9 06€1
- - 001 €6 00L1 - - 6¢ 14 08¢l
- - 001 001 0691 - - 14 14 oLl
- - 01 €01 0891 - - (4 o1 09€1
- - ) so1 0L91 0 0 L 9 0S€T
- - 16 8 0991 97 vl € (A OvEl
- - 16 €8 0591 Ll S 0t A 0€€l
- - 18 oL ov91 1 91 s 6 0z€l
- - 18 99 0€91 Ly 1z LS 6¢ 01€1
- - 9L (4 0291 (A3 1 8¢ Ll 00€1
- - 8¢ 113 0191 91 g1 (44 S 0621
aoy aoyd aodd aoy (EEN| aoy aoyd aoy aoyd (e
pasueyugy al0) ‘Iov mey wonog pasueyuz 210D ‘Ipv mey woynog
e Apms uoddns Bupiua [eAteil] ZyLres Apms voddns Bupia feAtaul

97

Appendix D

Rock Quality Designation (RQD) Data

[690°700€66106TINS “NLA-ZVI'1°€'8
Apmg 10] sanjea ¢[-( 2]qel woij payndwoo sanjea poddng Sulu( :s22108]
(panunuo?) sjearsiuf 1003-01 Aq sanjep QOY :2-a SlqeL

[690°T00E661¥06TINS “NLA-THI'T'E8
Apmig 10J sonfeA ([~ 91qe) woaj payndwod sanfea poddng Sunpju :s901mog]

(panunuo) sjeasaju] 100)-0L Aq Sanjep QO :2-a SlqeL




- - 1€ o¢ 0£ZT
- - ¥6 18 0zee :
- - 88 29 012z :
- - £6 ¥8 002Z
- - L6 L6 0612
- - 66 16 0812
- - 86 L6 oL1z
- - 76 €8 0912
- - €L 69 0512
- - vL Sy or1e
- - 68 g9 0€1Z
- - IS w 0z1z
- - 8T |44 ()44
- - 69 9 0012
- - 0S Ly 0602 ,,
- - oL 99 0807 3 .
- - oL 69 0L0T m .
- - 8¢S LS 0902 o M
- - €L €S 0502 m A
- - 8L €9 0poT 5 i
- - 001 001 0£0T = ;
- - 6 6 020 8 )
- - 68 S8 010T S
- - 101 68 000T w..,
- - 88 6L 0661 T
- - 6 SL 0861 E
- - L6 98 0L61 o
- - 001 b 0961 7
- - 65 9¢ 0561 z
- - 08 65 061 =
- - £6 98 061 s |
aod aod aoH aod Hammuu W. .
pasueyuzy 9109 Ipy mey wonog g g
Zyires Apms yoddns Bujjia jeatau] m

[690"200£661¥06ZANS “NLA-ZH1'T°€'8 )
Apmg JoJ sanfea (- 2[qe) woyy pandwod sanfea woddng Jurp(u :s901n0g]

(panunuo)) sjeassiu| 1004-0L Aq sanjep god :2-a dlqeL

98



Appendix E: Lithophysal Cavity Data

Appendix E: Lithophysal Cavity Data

99




e v

[A 0001 [4 089 1> 09¢
A 066 [ 0L9 1> 0s€
S 086 I 099 1> ove
€ 0L6 [4 0S9 I (%
I 096 € o9 1> (74
> 056 € 0€£9 1> (118
1> (049 9 029 > 00¢
1> 0€6 6 019 . 1> 062
NN 0Z6 6 009 0 08¢
AN 016 4! 065 0 0Le
AN 006 11 08¢ 0 09¢
AN 068 el 0LS 0 0S¢T
, > 088 s 09 0 0T
1> 0L8 4! 0SS 0 0T
1> 098 S (49 0 0Ze
1> 0s8 S 0gs .0 01¢
1> 0r8 01 0ts 0 00¢
1> 0€8 € OIS 0 061
1> 0Z8 € 00S 0 081
I 018 AN o6y 0 0Ll
[4 008 (4 (01214 0 091
NN 06L (4 oLy 0 0s1
1 08L € 09 0 ovl
1 0LL 1> © 0Sy 0 0gl
1> 09L > (044 0 174
1> 0SL 1> ocy 0 011
I orL > (1744 0 001
I 0EL 1> (1)44 0 06
I 0cL > ooy 0 08
(4 01L > 06¢ 0 oL
(4 00L > 08¢ 2100 Ou 09
[4 069 1> 0LE ‘[eAla)U] PAIIBA
(yuasuad) (199)) (yuaosad) (100)) (yuaasad) (1034
juajuo) Ayaen ferizul wauog Ajaen ferau) juaguog Ayaed [eaaiu)
jo aseg jo aseg jo aseg
pajewfisy oy yideq pajewnsg oy yidag pajewnsy o} ydag

[690°200£661706ZJINS N.LJ :921n0S "Uey) §59] — > {{rjSutuesiu jou — WN]
sjeasaiu] apsodwiod 100j-01 10} saouepunqy Alae) jesAydoyy] painsealy :1-3 sjqel

Geology of the USW SD-9 Drill Hole, Yucca Mountain, Nevada

100



> 0zel

> 01€l

> 00€1

1> 0621

> 0871

1> 0Lzl

> 0921

1> 0STl1

> ovel

1> (IYA

> ozel

1> 01tI

1> 0021

1> 0611

> 0811

> OLI1

> 0911

> 0S11

I ovll

I 0cll

T ozl

I o1l

1> 0011

0 0601

1> 0801

I 0L01

1> 0901

1 0501

1> o0t

1> 0S€1 > 0€01

1> ovel NN 0co1

1> 0gel 1 0101
(yuaauad) _MMMN.__ (quaguad) _m@wwwwh_
jusuod Ayaed jo aseq jusuo) Anaed Jo aseg
pajewnsy o1 wdag pajewpsa o1 wideg

[690°T00E661V06ZINS NLLQ :90108 “uei $sa] — > {[aySurueau 10u — NI
(panunuon) sjeatsiy] sysoduwios) J00j-0 | 10§ Saduepunqy Ajiae) jesAydoyyi painseay :1-3 ajqeL

101

Lithophysal Cavity Data

Appendix E




Appendix E: Lithophysal Cavity Data

AT T T e i T YT T

This page intentionally left blank.

102

Al

Rrdhiac asar fance —— STV OTTYWSITLTLS LT T TV v e e ey



Appendix F: Fracture Information

Appendix F: Fracture Information

103



Table F-1: Measured Fracture Data for 10-foot Composite Intervals
[N-natural, I-indeterminate, C—coring-induced, V-vug or void; dip classes are 10-degree intervals ending with the indicated
value. Source: DTN SNF29041993002.069]

Depth to Type of Fracture Dip of Fracture (degrees) Lost

Base of Core Rubble

Interval N ¢ v 10 20 30 40 50 60 70 80 90 (feey) (feet)
(feet)

60 Drilled Interval, No Core 0.2 1.1
70 52 2 2 - 32 9 7 3 -- -- - - 3 0.0 0.1
80 11 10 2 - 8 4 3 1 1 2 - -- 2 02 0.2
90 3 12 10 - 10 2 - - 1 -- - 2 04 0.5
100 1 1 10 -- 1 - - - -- 1 -- - - 0.0 -
110 4 5 1 - 4 -- 2 2 -- - - - 1 0.0 --
120 3 6 22 - 4 1 1 - - - - 1 2 42 14
130 1
140 1 - 18 - i 6.3 -
150 -- - 13 - - -- -- - - - -- -- -- 1.1 0.3
160 - - 12 - - - - - -- -- - - - 2.8 0.2
170 - 2 21 - - e e e e e e 2 3.7 -
180 - 12 8 - 11 - - - - -- -- 1 - 53 --
190 - 1 19 - 1 - - - -- -- -- - - 9.6 -
200 - - 2 - . 8.5 --
210 - - 5 - - - -- - -- -- - - - 0.0 -
220 - - 13 - - -- - - -- -- -- - - 1.0 -
230 - 18 10 - 18 - - - - -- -- - - 0.9 0.3
240 - 3 11 - 3 - - - -- -- -- - - 0.0 0.1
250 - - 8 - -- - - - - - -- -- - 0.1 02
260 - - 6 - - -- -- -- - - - - - 02 0.6
270 - 2 11 - 2 - - - - -- -- -- - 23 2.0
280 41 5 7 - 34 4 3 1 2 0.9 3.6
290 15 9 16 - 10 6 3 1 - 1 - 2 1 4.0 2.0
300 12 6 5 - 11 - 1 2 3 3.1 1.1
310 2 12 6 - 7 3 1 1 - 1.1 0.6
320 9 4 20 - 8 3 1 - 1 -- -- - - 0.7 0.1
330 3 - 20 - 2 -- - - - - -- -- 1 1.0 1.0
340 - 2 23 - -- - - - - -- -- 1 1 0.6 0.5
350 -- 2 36 - -- -- -- - 1 -- - 1 - 2.8 1.9
360 1 4 26 - 2 - - - -- - - 3 - 4.0 1.4
370 - 4 23 - -- -- - - - 1 1 -- 2 29 1.7
380 1 4 28 - - 1 -- -- - - - 1 3 1.9 4.7
390 -- - 19 - - - -- -- - - - -- -- 34 -
400 -- - 21 - -- -- - - - - -- -- -- 09 1.1
410 - 1 37 - -- 1 - - - -- -- - - 2.1 0.2
420 1 1 3 - 1 - - -- -- - - - 1 0.9 1.2
430 2 3 26 - 2 -- 1 -- 1 - -- - 1 0.9 0.7
440 2 2 28 - 2 -- -- -- - 2 - - -- 54 1.7
450 1 3 14 - -- - - - -- -- - 2 2 1.1 0.8
460 - 1 17 -- -- - - - - e -- - 1 3.1 3.7
470 - - 15 - -- -- - - - - - - -- 43 33
480 1 1 12 - -- -- 1 -- -- -- - - 1 8.1 1.7
490 -- -- 2 - - -- -- - - - - -- - 3.2 2.6
500 - 1 20 -- 1 -- - -- - - -- - - 6.6 2.9
510 - - 1 - -- - - - - -- - -- - 1.9 0.8
520 - 1 23 - -- - - - - - -- - 1 42 1.5
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Table F-1: Measured Fracture Data for 10-foot Composite Intervals (Continued)

[N-natural, I-indeterminate, C-coring-induced, V-vug or void; dip classes are 10-degree intervals ending with the indicated
value, Source; DTN SNF29041993002.069]

Depth to Type of Fracture Dip of Fracture (degrees) Lost
Base of Rubble
Core
Interval N | ¢ v 10 20 30 40 50 60 70 80 90 (feet) (feet)
(feet)

530 - - 19 - -- -- - -- -- -- - - -- 44 1.1
540 -- 2 16 - -- - - -- -- - -- -- 2 55 38
550 -- -- 2 - -- - -- - - -- -- - - 29 2.1
560 -- 3 16 - -- -- - - - -- - -- 3 6.3 2.5
570 -- -- 9 - -- -- -- - -- -- -- - - 5.0 2.5
580 -- - 10 - -- - -- -- -- - - -- -- 3.5 1.4
590 -- 1 22 - 1 - - -- -- -- -- - -- 2.8 1.1
600 -- 1 26 - - -- -- - - - -- - 1 22 24
610 -- - 26 - -- - - -- -- -~ - -- -- 55 24
620 -- - 13 - -- -- -- - - - -- - - 6.9 03
630 -- 2 13 2 - - - - 1 -- - - 1 4.5 1.7
640 - 2 16 - 1 - -- -- - -- -- - 1 7.1 1.9
650 -- 3 1 - 2 - -- - - -- 1 - -- 39 24
660 -- 3 17 - - - 1 - -- - 1 -- 1 4.5 1.2
670 -- 4 16 3 -- - 1 -- 2 - -- -- 1 3.7 0.1
680 1 - 23 1 - -- -~ - - 1 - -- -- 33 0.8
690 - 3 25 - -- -- - -- 1 - -- -- 2 3.1 1.6
700 1 1 21 1 -- -- - - - -- - - 2 1.6 0.6
710 - 2 35 - 1 - - - - -- -- - 1 1.0 24
720 - 6 26 2 -- -- - - -- -- - 6 1.3 14
730 3 2 23 1 1 - -- 1 - -- - 1 2 3.1 0.8
740 -- 4 18 - 1 1 -- -- - - - 2 - 1.5 35
750 13 10 9 - 4 1 2 1 6 5 - 3 1 24 23
760 8 8 12 - 5 -- - 1 1 3 2 2 2 1.1 0.5
770 10 4 6 2 7 1 2 -- -- - i 1 2 0.5 1.8
780 6 1 7 1 2 1 - 1 2 - - 1 - 6.3 29
790 1 - 2 - -- - - - -- - -- -- 1 24 2.0
800 4 1 24 1 - -- - - 1 - - -- 4 0.5 1.9
810 5 4 21 - 1 -- - 3 2 - -- 1 2 0.6 1.6
820 2 5 22 - -- - - -- -- -- 2 3 2 0.0 04
830 9 3 10 - 2 I - -- - 1 3 3 2 0.0 0.3
840 6 2 8 - 2 - -- -- -- - 2 2 2 0.5 0.3
850 4 - 19 - 1 1 -- -- - - - -- 2 25 0.2
860 8 5 18 - 3 1 1 -- 1 1 - 1 5 713 1.6
870 1 1 6 - - - -- -- - - -- 1 1 6.8 1.8
880 2 - 10 - -- - -- - - - - 1 1 8.0 1.5
890 - -- 3 - -- -- - - -- -- - - -- 7.8 0.8
900 -- 1 9 - 1 - - - -- -- - - -- 44 2.6
910 1 3 18 -- -- - - -- -- - 1 -- 3 10.0 --
920 -- - - - -- -- -- - -- -- -- - - 49 2.6
930 1 5 15 - 3 - -- - - - -- - 3 33 2.6
940 3 2 18 - 2 - - -- -- -- 1 2 5.6 0.6
950 - 2 18 - - - -- - - -- - 1 1 55 1.3
960 4 1 17 - 1 - -- - -- -- - 1 3 3.1 14
970 1 4 21 - 2 -- -- - - - -- - 3 54 32
980 1 1 10 -- -- - - -- - - - -- 2 20 1.8
990 2 4 26 - -- - - -- -- 1 1 2 2 2.8 2.1
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Table F-1: Measured Fracture Data for 10-foot Composite Intervals (Continued)

[N-natural, I-indeterminate, C—coring-induced, V—vug or void; dip classes are 10-degree intervals ending with the indicated
value. Source: DTN SNF29041993002.069]

Depth to Type of Fracture Dip of Fracture (degrees)

Base of Lost Rubble
Core
Interval N 1 ¢ V 10 20 30 40 50 60 70 80 90 (feey) (feet)

(feet)

1000 - - 25 - U 6.4 10
1010 - 1 19 - | T T — 6.3 1.1
1020 - 2 17 1 - e e e e e e e 2 4.3 2.0
1030 2 1 16 4 T 1.8 1.0
1040 - 3 21 - 1 - 1 - - - -1 - 1.1 L6
1050 5 4 15 2 5 1 -- -- -- 1 2 -- -- 34 L5
1060 4 -~ 19 1 - - -1 - e -2 0.4 2.2
1070 2 7 28 - 2 - 1 1 - - 1 1 3 6.2 1.5
1080 1 2 1 - ST [ 43 4.4
1090 2 2 9 - 2 - - e e e - 2 22 2.9
1100 4 5 18 - 3 - —- - 1 - 1 2 2 0.9 1.6
1110 1 6 15 - 301 - —- - - 1 1 1 1.8 13
1120 - - 18 1 T 0.6 3.1
1130 2 3 17 1 1 - - - 3 - - - 39 1.7
1140 4 5 14 - | U 0.7 1.5
1150 4 3 30 - 3 01 —- - - - - - 3 2.2 2.8
1160 7 1 22 - I - - - - - 1 - 6 1.0 12
1170 1 3 271 2 - e e - -2 -] 22 2.5
1180 - 10 20 - -- -~ -- 1 3 -- 1 -- 5 22 33
1190 1 5 21 - 1 1 -~ —- - -« 1 - 3 2.7 25
1200 4 3 17 - 1 1 - 1 - - - 2 2 2.6 1.2
1210 8 8 14 - 1 7 1 - - - - - T 2.6 2.1
1220 7 1 1 - 1 2 4 - - - 3 1 3 33 2.2
1230 6 3 13 1 4 - 1 - - - - - 4 2.7 2.4
1240 5 2 24 - 3 - - - - - -2 2 2.8 23
1250 1 4 23 - 4 - - - - - - - 1.6 0.3
1260 8 2 25 - 2 - - - - - - 2 6 4.1 1.8
1270 7 2 13 - I L 0.9 23
1280 13 3 16 - 10 1 - ~- - 1 1 3 37 1.6
1290 8 2 9 2 3 - 2 - 1 1 - -~ 3 3.0 2.0
1300 5 3 16 2 2 - 1 - e . 1 - 4 1.7 14
1310 5 9 28 - 5 —- - - - - 3 4 2 4.1 1.8
1320 5 14 2 - 4 1 2 - - - - 1 1 4.8 2.6
1330 2 8 3 - 7 - - 1 - - - 1 1 0.0 2.9
1340 5 13 22 - 6 1 1 1 3 1 1 2 2 52 26
1350 1 3 10 - - - 1 = - - - . 3 - -
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