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ABSTRACT

Of nine potential nuclear-waste repository sites being
investigated in the United State», Yucca Mountain is the only one for
which disposal above the water table is proposed. The host rock is a
fractured, permeable welded tuff more than 300 m beneath the surface.
The principal factors contributing to the isolation of waste include: a
small recharge flux, estimated to be about S mm/yr; free drainage in the
host rock and little opportunity for contact of water with the waste;
near-neutral water of low ionic and organic content; unsaturated-zone and
saturated-zone flowpaths through altered tuffs that are rich in sorptive
zeolites and clays; and very deep regional ground-water flow that
terminates in a closed basin.

Hydraulic testing of the saturated zone has demonstrated that
fractures cause the observed high transmissivity, and seepage velocities
in major fracture zones may be as high as 0.01 to 0.1 km/yr. Diffusion
of radionuclides from water in fractures to that in the porous rock
matrix, however, would attenuate their migration and allow sorptive
processes to operate if a release from the repository were to occur.

Psychrometers, heat-dissipation probes, pressure transducers, and
sampling tubes that were recently installed In a 380-m drill hole at*
still undergoing stabilization. Data from this hole and other planned
experiments will allow definition of recharge flux, frequency, and
flowpaths for statistical treatment in models.
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PRESENTATION

Thank you, He. Chairman. I am honored and pleased to have the
opportunity to discuss the important topic of repository site
characterization with this international group of distinguished
scientists.

In this presentation, I will describe the activities and results of
current studies by a large number of scientists. Most of the
information has not yet been published, and I refer you to the
ACKNOWLEDGEMENTS section of the reprint.

SLIPS 1 - Map of USA with potential repository sites

The United States is presently evaluating nine sites as candidates for
Its first repository for commercially generated high-level nuclear
waste. Within the next year, the screening process will reduce these to
three sites for detailed characterization. Of the nine potential sites:

- three are in piercement-type salt domes of the Gulf Interior
region, part of the Gulf of Mexico coastal plain;

- two are in bedded or stratified salt in the Palo Duro
Basin; and,

- two are in anticlinal salt domes in the Paradox Basin.

Dr. George Heim will describe on Friday the site-evaluation activities at
these salt sites.

The two additional sites are in volcanic rocks: the Hanford site in the
Columbia Plateau flood basalts; and the Yucca Mountain site in welded
tuff, or ignlmbrlte, in the Great Basin, an Internally drained region of
mountain ranges and desert valleys.

SLIDE 2 - Chart comparing hydrogeologic characteristics of candidate sites

The Yucca Mountain site is very different from the other sites under
consideration. The host rock, welded tuff, has excellent thermal and
mechanical properties, but Is is brittle and quite fractured so it is
also very permeable. However, it is in an arid upland; the water table
is very deep, 450 to 600 m, allowing the repository to be sited in the
unsaturated zone above the water table. Disposal at all of the other
sites would be below the water table in rocks of extremely low
permeability.

Recharge at Yucca Mountain is very small, so the flux of water through
the repository is expected to be low — even during periods of
continental glaciation if they are similar to those of the Pleistocene
Epoch.

Finally, Yucca Mountain is within a contained or closed hydrologie
system. All of the water is returned to the atmosphere by evaporation
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and plant transpiration. Ground water at the other sites discharges to
rivers that flow to the oceans.

SLIDE 3 - Chart comparing principal waste-isolâtion factors of candidate
site»

Successful isolation of waste at all of the sites except Yucca Mountain
depends strongly on maintaining the low permeabilities of their host
rocks, preventing large fluxes of water to dissolve and transport the
wastes. If the therraomechanical effects of the repository, or natural
processes such as faulting, should hydraulically connect the repository
to the active ground-water system, the rocks through which the water
would flow have only moderate capacities for retarding radionucllde
migration.

At Yucca Mountain, the small flux is due to the present and anticipated
future climates. The host rock Is already fractured and permeable, so
the effects of the repository or of additional faulting would not change
its hydrologie characteristics significantly. The water at Yucca
Mountain is low In dissolved solids (about 100 to ISO milligrams per
liter) and is nearly neutral, having a pH between 7 and 8. It is low in
organic constituents, and bicarbonate is the principal anion. Corrosion
of waste canisters is expected to be very slow, as would dissolution of
the waste. Water passing through the repository would then flow through
rocks that are rich in highly sorptive zeolites and clays and would join
flow paths beneath the water table that are very deep below the land
surface.

SLIDE 4 - Photograph of Yucca Mountain

He believe that these natural characteristics of Yucca Mountain and its
surrounding area provide a multiplicity of barriers to the release of
waste. Therefore, we also believe that complete characterization of this
site has a high probability of showing it to be suitable for the USA's
first repository.

SLIDE 5 - Index Map - Nevada. NTS. Yucca Mountain

The site is in the southern part of the State of Nevada, at the
southwestern corner of the Nevada Test Site, or "NTS", an area dedicated
to nuclear tests and experiments.
on later slides.

The shape of NTS will help orient you

SLIDE 6 - Geologic Map of NTS and vicinity

This geologic map shows that most of the hills and mountains in the
eastern and southern parts of the study area are composed of Paleozoic
rocks. These are principally limestones and dolomites with an aggregate
thickness of as much as 7,000 meters, although this thickness does not
occur at any single location. They also underlie the alluvium in the
adjacent valleys. The uplands in the northwestern part of the area are
composed of ash-flow tuffs, ash-fall tuffs, and lavas that were extruded
from several calderas during Miocene and early Pliocene time. Yucca
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Mountain is near the southwestern corner of NTS, at the southern tip of
this volcanic blanket. The next slide will show a schematic cross
section from north to south.

SLIDE 7 - Cross Section (Multiple Barrier Model)

This simplified cross section shows the general relationship of the
volcanic rocks and structures to the Paleozoic carbonate and clastic
rocks. The position of the proposed repository at Yucca Mountain is very
similar to that of the upper black dot to the left of the caldera, above
the water table or "static water level".

SLIDE 8 - Potentiometric contours from model (Waddell, 1982)

This map shows the very large ground-water basin that is being studied.
It covers the same area as the previous geologic map and shows
potentiometric contours with an interval of 100 m. The wide spacing of
contours in areas underlain by Paleozoic carbonates, relative to that of
the volcanic terrane, is due to the extremely high transmissivity of the
carbonates rather than to differences in amounts of flow. The contours
compare favorably with those developed manually in earlier studies.
(Winograd and Thordarson, 1975; Blankennagel and Weir, 1973).

SLIDE 9 - Map of calderas and major structures near Yucca Mountain

Very detailed geologic and geophysical studies have shown that the site
is within a very complex structural setting. The rocks comprising Yucca
Mountain were derived from the calderas shown here. The site, which is
just to the northeast of the center of the map, is on the edge of a
caldera and was broken into several blocks during this Miocene volcanism
and faulting.

SLIDE 10 - Map of structural blocks of Yucca Mountain

Thi's map shows the major structural blocks of Yucca Mountain. The
Central Block, shown in green, is the proposed location for the
repository. Its eastern boundary is defined by the greater abundance of
faults and fractures in the Eastern Block and the Abandoned Wash Block.
Solitario Canyon is the western boundary and is the trace of a fault that
is often called the "Hinge-Line" Fault because its displacement decreases
to the north. The Northern Block is separated from the Central Block by
a northwest-trending fracture zone, possibly a strike-slip fault, and may
contain additional parallel structures. The option of extending an
unsaturated-zone repository into the northern block is being considered.

SLIDE 11 - Photo of Yucca Crest and Solitario Canyon

This view, looking to the north, shows Solitario Canyon, with the
displacement of the Hinge Line Fault decreasing northward. The drilling
rig is on the crest of the Central Block, near its southern end. The
first canyon north of the roads is Drill Hole Wash, which is eroded along
the fracture zone separating the Central and Northern Blocks. The next
slide will be across section along the southeastward dip of the strata.
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SLIPS 12 - Ceo8a «action through Yucca Mountain. NW to SE

The proposed repository would be in the left half of this cross section,
in the lower part of the Topopah Spring welded tuff, which is not colored
and is labelled "PT". Above the Topopah Spring is a sequence of
nonwelded and bedded tuffs that are called the Paintbrush nonw&lded
unit. The surficial units consist of alluvium and a caprock known as the
Tiva Canyon welded unit.

Beneath the Topopah Spring, but still above the water table, which is
labelled "SWL", are the Calico Hills tuffs (shown in red), which are not
welded and contain large amounts of zeolites and clays. Beneath the
Calico Hills tuffs and the water table are various members of the Crater
Flat Tuff and older volcanlcs. Exploration between 1978 and 1979 was
concentrated on the Crater Flat Tuff, which was considered to be the
potential repository host.

SLIDE 13 - Drill-hole index map

The first series of eight holes was drilled in the accessible terrain
that became known as Drill Hole Wash. By early 1983, nine additional
holes had been drilled or were underway.

SLIDE 14 - Water table map

Note the change in the contour interval below the 800-meter contour on
this map of the water table. The data from the drilling program show
steep hydraulic gradients just to the north and to the west of the site.
Beneath most of the site and in the areas to the east and the south, the
gradient is very small. We have drilled 17 holes just to the water table
in the past year to define the gradients and flow directions more
precisely, but we have been limited by the accuracy of surveying.
Additional holes and a more precise land survey are planned in the next
few months.

SLIDE 15 - Schematic dlanram of well during puaping

Pumping tests have been conducted In all of the holes that are of
sufficient diameter. Because of the great depth to the water table,
about 500 meters, access tubing is installed for water-level recording
and to allow safe bypass of the pump for flow surveys in the hole.

SLIDE 16 - Tranamlssivity Map

The length of drill hole that is open to the rock beneath the water table
has ranged from about 500 m to about 800 m. Analyses of the pumping-test
data, using classical Dareian-flow methods, give apparent
transmissivitles ranging from 10 to about 500 m2/day. Wells with the
higher values would be good water-supply wells in many parts of the
world. By 1932 it was apparent that the saturated zone beneath Yucca
Mountain was too permeable for a repository, and exploration was
continued only to provide information for performance assessaent.
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SLIPS 17 - Flow survey of wall USW-H3

Flow surveys of the drill holes, either while pumping or while Injecting,
showed that most of the water came from or was accepted into discrete
fractures or narrow fracture zones. These surveys, together with caliper
and geophysical logs, provide data to select zones for testing while
isolated with inflatable packers for more detailed Information.

SLIDE 18 - Permeable zones in wells

The flow surveys and packer tests have demonstrated that the fracture
control on permeability does not correlate well with the stratigraphie
units. Therefore, it will not be possible to model flow in the saturated
zone with deterministic models. Instead, a statistical treatment, giving
strong consideration to structural geology, will be needed.

SLIDE 19 — Fractures and matrix diffusion in saturated zone

Although we expect relatively rapid flow in the saturated zone —
possibly as fast as 100 to 1000 years for a 10-km flow path — the
migration of radionuclides would be much slower. The abundance of
zeolites and smectite clays will provide much of the retardation. An
additional mechanism for retardation in porous rocks that derive their
principal permeability from fractures is chemical diffusion between water
in fractures and that in the rock matrix. The results of small-scale
experiments by Los Alamos National Laboratory indicate that matrix
diffusion may be an important factor contributing to the isolation
capability of Yucca Mountain. Flow and nuclide transport in fractured
rocks are complicated issues even below the water table. However, the
distribution of permeability remains constant, and hydraulic potential is
a continuous function that is common to the fractures and the intervening
matrix.

SLIDE 20 - Unsaturated-zone issues

In the unsaturated zone, the mechanisms of flow in the fractures are
difficult to characterize. Intuitively, we believe that fracture
spacing, orientation, roughness, and aperture are important factors.
Because both permeability and hydraulic potential depend on aperture or
pore size and also on the degree of saturation, we can expect them to
vary spatially and also with time if steady-state conditions do not
exist. In this arid environment, we anticipate that whatever recharge
occurs will be strongly episodic, that Is, it will be infrequent and at
irregular intervals. Consequently, water contents, permeabilities, and
hydraulic potentials will change with time. Quite obviously, statistical
treatment and uncertainty analysis will dominate the assessment of
unsaturated-zone flow and transport.

SLIDE 21 - UZ-l drill rift

Last autumn, the first hole drilled specifically to sample and provide
access for experiments in the unsaturated zone was completed in the upper
reaches of Drill Hole Wash.
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SLIDE 22 - U2-1 drill rift at>d compressors/separators

The hole was drilled with air to & depth of about 380 meters before
drilling fluida from an earlier nearby hole stopped the progress of dry
drilling.

SLIDE 23 - Rotary bit and Globe Basket

Most of the hole was drilled with a rotary rock bit 43 cm in diameter.
Coring was attempted with a device known as a "Globe Basket" as normal
coring could not be done without a liquid drilling fluid.

SLIDE 2A - Retrieving core from "Globe Basket"

Coring was not very successful, although pieces of core were obtained
that were much larger than rock-bit cuttings.

SLIDE 25 - Gathering and sieving cuttings

Cuttings were recovered and sieved to retrieve the coarsest fraction
immediately as they came to the surface.

SLIDE 26 - Drying oven

Water contents, degree of saturation, and matric potential (moisture
tension) were determined as quickly as possible in the field.

SLIDE 27 - Graph! Water content vs. depth

Cuttings from moderately welded and welded tuffs had similar water
contents whether or not they were sieved to separate the coarse
fraction. Water contents ranged from about 2 to 6 percent in these
cuttings. The two water contents determined from core, 3 percent and 9
percent, suggest that the cuttings were dried somewhat during air lifting.

In the bedded and nonweldod tuffs of the upper part of the hole, sieving
of the cuttings provided better correlation with the core samples. In
these cuttings, water contenta ranged from about IS to about 25 percent.

SLIDE 28 - Graph; Degree of saturation vs. depth

Because of their greater porosities, the larger water contents in the
bedded and nonwelded tuffs do not result in consistently higher degrees
of saturation. This graph shows very little correlation of saturation
with either depth or lithology.

SLIDE 29 - Graph; Moisture potential vs. depth

The moisture tension was significantly greater in samples of welded
Topopah Spring tuff than in those from the bedded and nonwelded tuffs.
Whether the tensions as high as 300 bars that were measured in the coarse
fraction of cuttings from the bottom of hole are real, or whether they
reflect drying and stress release, cannot be determined at this tine.



J
However, the 35-bar tension measured in a fragment of core from the
bottom of the hole indicates that tensions are indeed very high in the
deep welded units.

SLIDE 30 - Schematic diagram: Instruments and stemming in UZ-1

In ordar to determine unsaturated-zone properties with as little
disturbance of the natural environment as possible, an elaborate system
of instrumentation and stemming, or backfilling, was installed in this
hole during September ard October of 1983. The instrumentation at
approximately 15-meter intervals in the hole consisted of:

- nylon air-piezometer tubes to sample and measure pressures
of natural gases and, later, to run gas tracer tests;

- pressure transducers to monitor gas pressure;

-thermocouple psychrometers to monitor vapor pressure,
order to infer water potential in fractures; and

in

- heat-dissipation probes to determine water content and
matric potential.

Backfilling was done while withdrawing previously installed tubing. It
consisted of carefully emplaced layers of 12 to 16 mesh sand around the
pressure transducers, psychrometers, and air piezometers; silica flour
around the heat-dissipation probes; and layers of bentonite and a special
cement grout to provide isolation between sensors.

SLIDE 31 - Photo of cableway

The downhola bundle of tubes, cables, and instruments was assembled on a
cableway, and then ....

SLIDE 32 - Photo of cable on flatbed

.... carefully folded onto a flat-bed trailer. On this trailer, there
are approximately 2.7 km of cable for heat-dissipation probes, 5.1 km of
nylon tubing, 5.1 km of logging cable for pressure transducers, and 6.3
km of thermocouple cable.

SLIDE 33 - Photo: Crane lowering tubing and cable bundle

The instrument bundle was carefully unfolded and lowered by a crane on
5-cm fiberglass tubing.

SLIDE 3» - Photo; Fastening bundle and sensors on tubing

Steel clamps and tape were used to fasten the bundle and sensors securely
in place. At depths where the cement grout would be emplaced, the bundle
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was epoxied to the tubing to help assure isolation. Installation of the
instruments took five days, and emplacement of the backfill required an
additional month. The two strings of pre-emplaced tubing for the
stemming operation are shown in this photo.

SLIDE 35 - Sealed wellhead and office building

An airtight seal was installed at the wellhead, and the cable bundle was
routed into the field office, where ....

SLIDE 36 - Bundle at back of control board

.... the surface controls ....

SLIDE 37 - Recorders, etc. in office

.... and recorders are housed.

SLIDE 38 - Psychrometer data

Records for early November through early December, 1983, are now being
processed by the USGS. This slide shows examples of the psychrometer
results. The data show decreases of water tension indicating that the
rocks are being rewetted to their natural moisture content after having
been dried during the drilling. The gap in the record in mid-November
resulted from a power outage in the supply line. The survival rate for
the installation was very high, and the records so far indicate
reliability and responsiveness, such as the down-step and then recovery
of moisture tension after a pressure disturbance when gas samples were
obtained.

SLIDE 39 - Heat-probe data

The heat probes also appear to be working well, but the calculated matric
tensions are less than those measured in cuttings and core. Much more
data collection, processing, and analysis must occur before the
differences can be explained. Many additional holes — both shallow and
deep — as well as monitoring and experiments in an excavated facility in
the repository horizon are planned.

SLIDE 40 - Conceptual cross section — uniform, low flux

Tha simplest conceptual modal of unsaturated flow at Yucca Mountain
assumes that tha flux is quite uniform in time and space. This might
occur If the recharge that is concentrated beneath the channels or washes
and in fractures in the Tiva Canyon welded caprock becomes dispersed and
attenuated in the Paintbrush nonwelded unit. Downward flow through
fractures wcjld occur in the Topopah Spring welded unit. Except for a
few samples, which are not known to be stratigraphically continuous,
Measurements of matrix permeability on samples from the Calico Hills
nonwelded unit show It to be permeable enough to accept several times the
estimated average flux of about 5 mm per year. In this case, downward
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flow would nob ba rejected bo flow laterally bo faults and major fracture
zones. Slow, porous flow through the highly sorptive Calico Hills unit
would occur to the water table.

SLIDE 41 - Conceptual eroaa-seetion — periodic, intense flux

At the other extreme, if the estimated annual flux occurs as very
infrequent but also very intense periods of recharge, the Paintbrush
nonwelded unit will not have sufficient storage capacity and permeability
to disperse and attenuate all of the flow. Much will be rejected
laterally to fault zones. However, the short term flux through the
Topopah will be high. This flux may well exceed the permeability of the
Calico Hills nonwelded unit, producing down-dip diversion at the top of,
or within, the Calico Hills unit.

SLIDE 42 - Conceptual cross-aection; moderately intense flux

The current investigations will probably show that the natural system is
somewhere between our extreme conceptual models. Heat-flow measurements
supporb bhe hypothesis that vapor convection may be an Important process
in the fractured Topopah Spring tuff. The presence of heat from
high-level nuclear waste would enhance this process.

In closing, I would encourage other nations to Investigate unusual
geohydrologic environments offering unique characteristics that may make
them unusually suitable for the disposal of hazardous wastes.
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