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athers are part of the surface-based evaluations. The eight activicies
in the study were selected on the basis of ~various factors. Time and
schedule requirements were consicered in decermining the number and types
2 tests chosen to obtain the required data. Tests were designed on the
tasis of desizn and performance parameter needs, available test and
analysis metnods. ind test scale and interference. These factors are
described in Sections 2 and 3. : :

The descriptions and plans for each activity are presented i{n Section
3. The descriptions include (a) objectives and parameters, (b) technical
‘zationale. and (c) tests and analvses. Alternate test and ana) ssis
zethods are summarized. and cross references are provided for .echnical
srocedures.

Five hvdrologic test activities are planned during the ESF
construction phase. They are the radial-borehcle tests (Activicy
3.3.1.2.2.4.3), excavation-effects tests (activicy 8.3.1.2.2.4.5),
cerched-water tests (Activicy 8.3.1.2.2.4.7), hydrochemistry tests
activiecy 8.3.1.2.2.4.8), and hydrologic properties of major faults
;Activicy 8.3.1.2.2.4.10). Revised plans for the first four of these
activities were included in Revision 1 of the study plan, in Sections
2.4, 3.5, 3.7, and 3.8, respectively. Plans for the major-faults
accivity is included in this revision of the study plan. Three other
activities will be conducted as part of the in-situ testing in the drifts
of the ESF: the intact-fracture tests (Activicy 8.3.1.2.2.4.1),
percolation tests (8.3.1.2.2.4.2), and bulk-permeability tests (Activity
8.3.1.2.2.4.3). The plans for these activicies will also be presented in
a subsequent revision. ' -

The Calice Hills tests (Activity 8.3.1.2.2.4.6) and the multipurpose-
borehocle testing (Activicy 8.3.1.2.2.4.9) have been dropped from the
study, for reasons presented in Sections 3.6 and 3.9, respectively.

Applicacion of the study results is summarized in Sections 1.3 and 4,
schedules and milestones are presented in Section 5, and a study-plan
reference list {s presented in Section 6.

1.1.1 Objectives of the study

Hydrologic evaluacion of the unsaturated zone will be conducted
as an incegrated set of surface-based and ESF activities with a
common objective to provide an understanding of the past, present,
and future fluid flow characteristics in the unsaturated zone at
Yucca Mountain.

Surface-based testing will be conducted on the land surface and
in vertical and horizontal holes drilled into the repository host
rock and surrounding units. Surface-based borehole studies designed
to investigate the deep unsaturated zone are described in YMP-USGS SP
8.3.1.2.2.3 (Unsaturated-zone percolation - surface-based studies),
and are integrated with the ESF activities (described in this plan)
in terms of technical objectives, spatial locations., and parameter
determinations. (Parameter is used in this plan to mean a property,

1.1.3 March 29, 1994
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characteristic, and/or the numerical value of a constant that is used
to describe the unsaturated-icne hydrologic system). :

The north and south ramps, underground drifts, and associated
boreholes of the ESP will provide (1) an opportunity to evaluate the
in-situ unsatyrated-zone hydrologic properties in orientations. not
achievable from surface-based boreholes, (2} an opportunity to
directly inspect the structure and stratigraphy of the rock walls of
the ramps and drifts, and (3) an opportunity to evaluate the rock-
ratrix and fracture-hydrologic parameters for a wide range of test
scales. Figure 1.1-2 jllustrates the map location of the ESP at
Y:cca ;ounr.ain. Figure 1.1-3 illustrates the conceptual layout of
the ESP.

The object’ ‘a of this ESF unsaturated-zone study is to understand
the spatial dj tribution of present water flow within the unsaturate:
zone. Plansz or studies of past and future unsaturated-zone flow
characteris. ics are described in YMP-USGS SP 8.3.1.2.2.7
(Unsaturated-zone hydrochenistry) and YMP-USGS SP 8.3.1.2.2.9
(Unsaturated-zone modeling and synthesis). Hydrologic studies of
infiltration from the land surface (YMP-USGS SP 8.3.1.2.2.1), and
site-saturated zone studies (YMP-USGS SP 8.3:.1.2.3.1), provide
boundary condition information for models of unsaturated-zone
percolation. A more detailed discussion regarding the modeling
activities associated with this study can be found in the
*Characterization of fuild flow in unsaturated, fractured rock® study
plan (YMP-USGS-8.3.1.2.2.8). The site-scale unsaturated-zone
modeling activities are in study plan YMP-USGS-8.3.1.2.2.9.

The salient conditions to be characterized in the unsaturated
zone include the hydraulic and matric potential gradients that extend
from the land surface to the water table (350 to 750 m; 1,150 to
2,460 ft beneath Yucca Mountain). These potential gradients may vary
discontinuously between geochydrologi¢ units. Figure 1.1-4 shows the
relation between the stratigraphic and geohydrologic units at Yucca
Mountain. The characterization of flow beneath Yucca Mountain must
include, for all geohydrologic units, the determination of flow
distridbution under a variety of conditions. As flux is difficult to
measure at either the infiltrations boundary (land surface) or the
water table, it must be estimated from either the potential water
distribution and the conductive properties of the rocks or by other
indirect methods.

From the viewpoint of waste isolation, the most significant site-
characterization findings will be to predict the transport of .
radionuclides from the repository., beneath Yucca Mountain, to the
water table. SCP Sections 8.3.5.12 (Ground-water travel time) and
8.3.5.1) (Total-system performance) describe the need for this
essential information. The hydraulic-properties data that will be
used for these unsaturated-flux calculations will be collected by the
uscsiin the surface-based and ESF unsaturated-ione percolation
studies.

1

1.1-4 Rey 17, 19%¢
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“~  Figure 1.1-4. Diagram showing the relation of geohydrologic units to stratigraphic
units (modified from Montazer and Wilson, 1684).
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Cas flow in che unsacurated zone ras an important hvdrologic
role, as well as providing a mechanism for transport of gaseous
radionuclides o the accessible environment. <“hereas the coexisting
matrix pores and fractures greactlv compiicate computations of total-
svsten dehavior under present or estimaced fucture conditions, che
possible existance of large-aperture fractures provides for large
relative gas permeability. Nactural zas-phase flow is driven by
seasonai atmospheric-density differances between the mountain slopes
and mountain summit. and by geothermal heat. Vapor discharges from
the air-filled fractures may inhibit water percolation from rain and
snow meit because o” convective and diffusive vapor discharge to the
iand surface. If .ir flow reduces the matrix water content, by
drying the matrix immediacely adjacent to the fraccures, the
resulting incre sed water tension would aid in damping infiltratic
pulses that may bes channeled in fractures. It is important to be
able to quantify vapor flow because it may be opposite in direction
to liquid flow. and of similar flux. Current knowledge of and site-
characcerization efforts for unsaturated-zone gas flow appear in YMP-
USGS SP 8.2.1.2.2.6 (Yucca Mountain unsaturated-zone gaseous-phase
movement). )

Hydraulic. pneumatic, and hydrochemical testing and analysis will
be conducted as part of this ESF unsaturated-zone study to provide an
understanding of the conditions and processes described above.
Integration of this information with the results of other hydrologic
studies (Figure 1.1-1) will provide che basis for che development of
the unsaturated-zone hydrologic model described in Section 2.

1.1-8 Mazch 29, 1994
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In SCP Table 8.3.1.2-1, activity parazeters for the Gechydrology
Program are grouped according to parameter categeries. The activity
parameters associated with activities of this study also appear in
the figures and tables of Section 3 of this study plan. Parameter
categories serve to group similar types of performance and design
parameters supporting performance-assesspent and design fssues
resolutions (SCP Sections 8.3.2 through 8.3.5) and match them with
groups of similar types of activity or characterization parameters to
be cbtained during site characterization. FParameter categories in
the SCP «ere introduced as a classification scheme to aid in
assessii.g the appropriateness and completeness of the data collection
progr-z. In Figure 2.1-1, the parameter categories are shown
suppo.ting specific model components that make up the site
unsaturated-zone model. This figure corresponds to SCP Figure
6.3.1.2-3, and in that document is accompanied by parallel logic
diagrams for the surface-water and saturated-zone components of the
Geohydrology Program. '

In SCP usage, a characterization paranmeter is a parameter,
obtained by a characterization program, that has a logical, direct
tie to a performance or design parameter, and for which a testing
basis can be defined. Most characterization parameters will be
developed from some combination of activity parameters, and will be
the products of data reduction, tests and analyses, and modeling.
Hydrologic analyses generated in this study can bs traced from
activity parameters through characterization parameters and to their
intended use in satisfying performance-assessment requirements for
issues resolutions.

In this and other study plans, it has been useful to group the
measured or calculated parameters of the various activities (activicy
parameters) intc a limited set of characterization parameters, more
broadly defined parameters that encompass activity parameter data
collected in the field and laboratory, or generated by modeling. By
introducing these parameters, it becomes easfer to understand how the
study relates to satisfying the information requirements of
paraneters in the design and performance issues. The grouping of
activity paranmeters according to characterization parameters is given
in Table 2.1-1. Characterization parazeters also appear fm the logic
diagrams accompanying the activity descriptions of Sections 3.4, 3 S,
3.7, and 13.8. ,

Characterization parameters will be expressed as functions of
space and (or) time and will be presented in formats that will
facilitate use of the data in resolving design and performance
issues. In future SCP progress reports, 2 testing basis will be
developed for each characterization parameter, and will consist of
some means of expressing the goals, confidence limits, and accuracy
associated with each characterization parameter, so tha.t requirenments
of performance parameters can be satisfied. An example of & testing
basis could be that some statistical measure of the parameter, such
as the mean, be known to a specific degree of accuracy.

2.1-5 Decemdar 28, 1992
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Table 2.1-1. pusgciation ol gctivity paramuters with sity chopeclytiz. ‘o Dutesieiy

Activity Characterization
Parameter

Activity Parameters Associated with Charactuerization
Parameter

Activity 8.3.1.2.2.4.4 - Hydraulic conductivity
Radial -borehole cests

Gas perwmeability

Water perweability

Hydraulic gradient

Gaseous diffusion

Permeability, water

ParmaabiliLy, r1:elative, gow, .xock matiix

Permeablility, satutsted, gas, rvock matiix

Pnsunatic permeabilicy, bulk, fractured rxouk

Permoability, pneumatic

Fault permeability

Gas permeability, excavation effects

Porogity pore-size distribution, matrix

Porosity, bulk, fractured rock

Porosity, matrix

Porosaity

Bulk density, rock matrxix

Grain density, rock matrix

Fault characteiristica: distribution, apertuie,
weathering

Anisotropy

Moisture retention, rock matr. .

Water content, gravimetric, rock matrix
Water content, volumetric, rock matrix
Permsability, relative, water, rock matiix
Porosity pore-size distribution, matrix
Porosity, bulk, fractured rock
Porosity, matrix

Porosity ,

Bulk density, rock matrix

Grain density, rxock matrix

Anisotropy

Fracture aperture

Fracture permeabilicy

Water potential, distribution and f£luctuation

Water potential, rock matrix, and total fractured rock
Pasumatic potential, distribution and fluctustion
Pore-gas composition

Radicactive isotopes

Stable isotopos

Gaascus diffusion coeffici..”, fractured rock uni:s‘
Diffuasive tortucaity, fractu. ? rock and rock mass
Tempoerature, distribution and i. ‘ctuations

¥ 'YTTTI°€°8 285-S05A-an




Table 2.1-1. phasociation of ectivity porematexn with sita:cherecterizetion pevemutore (cont imed)

Activity Characterization Activity Parameters Asvociated with Chaiacterization
Parameter Parametex

-1°c

WET “6T T

Activity 8.3.1.2.2.4.5 - Fracture permeability Initial fracture permeability around excavations
Excavation-effects tests Changes in fracture permeability due to excavation
effects
Changes in rock streus due to excavation cttects
Fracture locations
Practure characteristica ‘
In-situ 10ck stress and mechanical property
measurement a
In-situ stress changes, magnitude and direction
Fracture deformation
Changes in rock stresa due to excavation effeciLs
Effects of atrese changes on fracture apurture
Practure aperture .o
Fracture distribution '}
Fracture orientation
Fracture roughness

Practure effective Changes in fracture effective poroalty due to
porosnity excavation effects
Rock density

Rock porosity

Practure locations

FPracture characteristics

In-aitu rock stress and mechanical propeity
measurementa

Changes in rock stispsu due LO excavation cliccty

Effects of stress changes on fracture aperture

Practure aperture

Fracture distribution

Fracture orientation

Practure roughness

Practure saturation Moisture content, in-situ degree of saturation
Changes in fracture aaturaeion due to excavation
effects , ‘

Practure locations
Practure aperture -
Fracture. distribution
Practure orientation
Fracture roughness

Activity 8.3.1.2.2.4.7 - Hydraulic conductivity Hydraulie conductivity, perched-water sones

Parched-water tests Transofiesivicy
Porosity, rock units near ramps and Mvifis

3 '9°T°T1°C°8 45-595Nn-4dK*
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Table 2.1-1.

Activity

Characterization
Parameter

Activity Parameters Rssociated with Characterization
Parameter

Activity 6.3.1.2.2.4.7 -
Perched-wvater testes

Activity 0.3.1.2.2.4.08 -
Hydrochemistry tests

Activity 6.3.1.2.2.64.10 -
Hydrologic properties of
major faults encountered
in the BSF

Hydraulic gradient

Ground-water flux

Storage coefficient

Flow paths, ground
water and gus

Travel times, ground
water and gas

Hydraulic conductivity

Gas permeability

Water potential (total), perched-water zones
Hydraulic head, perched-watar zones
Radiocactive isotopes

Stable isotopes

Water quality

Potential

Infiltration rate
Discharge rate 4
Flow rates, perched-water .. 1ies

Storage coefficient, perched-wa.~r zones

Radicactive-isotope activity

Stable isotopes

Pore-gas composition

Water quality, cations and anions

Flow paths, hydrochemical determination

Radiocactive-isotope activity

Sctable isotopes

Pore-gas composition

Water quality, catious and anions

Travel times, hydrochemical deturmination

Permeability, wvater

Permeability, relative, gas, ok matrix

Permeability, saturated, gas, rock matrix

Poeumatic permeability, bulk, fractured rock

Pormeablility, pasumatic

Fault permeabilicty

Gas permeability, excavation effects

Porosity pore-size distribution, matrix

Porosity, bulk, fractured rock

Porosity, matrix

Pososity ,

Bulk density, rock matrix

Grain density, rock matrix

Pault characterxistics: distribution, aperture,
weathering

aAnisotropy
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Table 2.1-1.
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66T ‘6T R3TVH

Activity Characterization Activity Parameters Associated with Characterization
Parameter Parameter

Activity 6.3.1.2.2.4.10 - Water permeability Moisture retention, rock matrix

Hydrologie propertien of Water content, gravimetric, rock matrix

major faults encountered Water content, volumetric, rock matrix

in the ESP Permeability, relative, water, 10ck matiix

Porosity pore-aize distribution, matrix
Porosity, bulk, fractured rock
Porosity, matrix
' Porosity
Bulk density, rock matrix
Grain density, rock matrix
Anisotropy
Practure aperture
Fracture permeabilicy

Hydraulic gradient Water potential, distribution and fluctuation
Water potential, rock matrix, and total fractured rock
Pneumatic potential, distribution and fluccuation
Pora-gas compesition
Radioactive isotopes
Stable isotopes

Gaseous diffusion Gaseous diffusion coefficier*, fractured rock units
Diffusive tortuosity, fracturnead rock and rock mass
Temperature, distribution and ' ictuations

o '.
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- 3.10 Hydrologic properties of major faults encountered in the ESP
3.10.1 Objectives of activity
The pbjec:;ves of this activity are to:

1. measure zhe pneumatic and hydraulic permeability, porosity,
and an:sotropy of the major faults and their associated fault
zones. In this study plan, fault refers to a planar feature
along waich movement has occurred. Fault zone refers .to the
fault and any rock whose fractures and/or other alterations
are dirzectly attributed to the faulrt;

2. conduc: .ong-term monitering for vertical flow of gés, water
vapor, #:d water in the major faults of the u.'zsatuxfated zone;

3. conduc: tracer tésts to estimate the tortuosity and effective
porosizy of the faults and their associated fault zones.

4. conduc: geochenhai logging in selected boreholes to determine
the reazure, if any, of recharge occutring along high-angle
faults and fault zones.

3.10.2 Rationale for activity selecticn

While quancifying the hydrologic properties of the major faults
is absolutely necessary for understanding and modeling of the
proposed repository site, attempts to quantify the hydrologic
properties of large features, such as faults, by testing on a much
smaller scale 2t one, or at the most a few, selected test gites will
be far from ccnclusive. A fault may vary from a simple planar
structure with little associated fracturing, to an extensive broken
zone (tens of =eters wide) where the actual fault plane is no longer
identifiable. The faults hydrologic preperties are dependent on both
random spatial factors and non-random factors such as rock type and
depth below lend surface. Attempts to extrapolate the fault char-
acteristics me2sured at one point in one rock type to a larger area
should be done only with great care and a large amount of supporting
information explaining how and why the extrapolation is justified.

Selection 2f the fault and fault zone test sites will attempt to
address two ker issues: (1) identify and test gites that are
considered to represent the potentially fastest pathways that could
allow rapid transmigsion of water from the surface to depth and/or
rapid transmission of gas and water vapor from depths to the gurface,
and (2) identify and test sites that are representative of the
existing moistire conditions and average permeability of the rock
mass. The massor fault test sites will be selected at locations where
the following conditions exist (listed in descending order of

priority):

identification of water flow in the fault or fault zone,
. large spen main fault trace,

" high density of fractures,

large sperture fractures,

. proxizity to the proposed repository,

fracture mineral coatings,

cbsexrved changes in rock moisture content over relatively
short distances, and

8. temperature gradients.

SO Wwh e

Yucca Mouncain contains and is bounded by west-dipping high-angle
normal faults that, depending on location and ambient hydrolegic
conditions, mzy serve as pathways for or barriers to gas, vapor, or
water flow. Aas currently conceived, the repository would be
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excavated mainly in the relatively unfaulted western part of one
structural block in the mountain. The repository would be bounded on
the wes: by the Solitario Canyon fault, on the northeast by Drill
Hole Wash structure, and cn the east and southeast by the western
edge of an imbricate normal fault zone. The Ghost Dance fault is
expected to approximately bisect the repository area. 1In the case of
dual-rarp access to the underground testing facility (see Reference
Configuration Option 30, Figure 3.10-1), the Bow Ridge fault may be
intercepted by the north ramp at an approximate distance of 1.5 km
€rom the repository area. These faults are major structural features
found typically at intervals of 1 to 2 km and generally have offsets
of more than 100 m.

Additional faults of a second type will be encountered at the
eastern and southeastern boundary of the repository. Within the
structural blocks at Yucca Mountain are numerous steep, west-dir: ing
normal faults. They generally strike north to north-northwast; .hey
ars closely spaced and typically have less than 3 m of offset,
forming an imbricate pattern.

It is possible that structural flow paths may sometimes be trun-
cated at the contact between the gechydrologic units. It has also
been observed that some fault zones contain clay gouge. More ductile
rock, like the nonwelded tuffs, typically produces sealing gouge
material along fault zones and thus has greater °*healing properties.®
Thus, it is expected that hydraulic conductivity probably varies
significantly along fault zones and is perhaps greater in the welded
units (e.g., TCw and TSw) than in the nonwelded units (e.g.., PTn).

Generalized conceptual models for moisture flow within the
unsaturated zone beneath Yucca Mountain have accounted for the
presenca of these structural features (Montazer and Wilson, 1984;
Sinnock et al., 1986). It is generally believed that major faults
affect flow significantly in the unsaturated zone. The precise
nature of that impact, howaver, will depend on a number of inter-
related hydrologic and geologic parameters. It is conceivable, for
example, that under relatively low ambient moisture conditions,
faults may impede any lateral moisture flow in the repository block
{causaed by anisotropy in matrix hydraulic properties or contrasts in
such properties at contacts batween geohydrologic units). Under such
conditions, paerched-water bodies may form where the faults transect
zones or horizons of significant lateral flow.

Conversaely, under conditions of relatively high moisture, faults
may serve as highly conductive pathways for vertical water flow.
This phenomenon may be especially important in the more competent
units TCw and TSw. The conceptual models at Yucca Mountain presently
suggest that fractures and faults (especially the high-angle normal
faults) are the principal conduits of downwardly transmitted
infiltration (see Section 31.4.2).

Under present climatic conditions, the general understanding of
the major faults at Yucca Mountain is that they are dry above the
water table and therefore dry above and immediately below the
repository. This means that if the major faults are highly permeable
they may provide a potentially fast pathway to the surface for vapor
and other gases from the repository horizon.

Fluid flow in fractures and faults is a complicated phenomenon
that is highly sensitive to hysteresis, air entrapment, the presence
of fracture coatings, fracture roughness, and a host of other
hydraulic and geological parameters. For example, fluid flow is
strongly influenced by matric potential. Small increases in bulk
saturation may lead to sudden increases in fluid flux through
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IMBRICATE DRIFT

Main Test  ys_paST DRIFT
Level »

TS-WEST DRIFT

Figure 3.10-1. ESF option 80 configuration.
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fractures and faults. Faulcs may be bounded by zones of extensive
disturbance, such as :itbricate zones, which may further enhance the
conductivizy of the overall structure. In more ductile units (e.g.,
<he Paintbrush Tuff ncnwelded unit), clay gouge may actually reduce
che conduczivicty of the fault and form an impermeable barrier to flow
across the zorne of disturbance. Although the amount of f£fluid flow in
major faulzs is considered to te small under present moisture
conditions, additiona. understanding of the factors controlling that
flow mus- e okzained in order o meet site-characterization
requiremenzs. The information gathered from the tests described
herein will be used to improve this understanding and refine
conceptual models which account for the presence of faults or fault
zones.

Protstype testing was conducted to develop equipment and
methodology for determining pneumatic and hydraulic properties of
structural features such as fractures and faults. One of the
specific purposes of prototype testing was to design and evaluate a
cross-hole pneumatic and hydraulic test system that could be used in
a number of ESF hydrologic tests, including the. test described in
this study plan. Developing, testing, and refining each of these
components during prototype testing increased the likelihood that ESF
tests which utilize cross-hole pneumatic and hydraulic tests will be
successful in meeting their objectives.

3.10.3 General approach and summary of tests and analyses

Hydraulic and pneumatic properties of the major faults
intercepted by the ESF will be quantified by this activity. The
proposed dual-ramp access to the ESF (Reference Configuration Option
30) will provide a greater opportunity to inspect and characterize
both the geology and hydrolegy of the major faults than was provided
in earlier test plans. It is anticipated that all major faults will
be intercepted by either the ramps, main test-leval drift, by the
east and west access drifts excavated off the main test level, or in
any excavations in the Calico HEills nonwelded unit (Calico Hills
drifts). Some major faults will be intercepted at more than one
location. Such access will provide a higher degree of confidence in
the characterization of major faults in and near the repository by
allowing tests to be performed at multiple locations along the plane
of a fatlt or fault zone. It may also be possible to visually
inspect faults and fault zones at the contacts of geohydrologic
units.

The major faults and/or fault zones expected to be tested are:

1. North Ramp a) Bow Ridge fault
b) imbricate fault zone
¢) Drill Hole Wash structure

2. South Ramp a) Dune Wash fault
b) imbricate fault zone
¢) Abandon Wash fault zone
d) Yucca Ridge fault

3. Main Test Level a) Ghost Dance fault

4. TSw East a) Ghost Dance fault
5. Calico Hills a) Solitario Canyon fault
drifts b) Ghost Dance fault

¢) Imbricate fault zone

6. Imbricate drift a) imbricate fault zone

3.10-4 Kay 26. 1394
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Other :éajor €faulcts enccuntered, pa::icu:arly‘those where moisture
flow is detected, will alsc be considered fcr testing.

I ESF design and cons:truction schedules permit, boreholes
drilled specifically for gesthermal testing ‘should be drilled to
intercept selected major faults and fault zcnmes. This can be
accorplished by constructing a small alcove off the ramps or main
test -.evel drift and conduc:ing the drilling and testing operations
from zhe alcove. The propcsal is to dry drill a near-horizontal
(incl:.zed glightly downwarc) borehole to intersect the fault. The
geothermal logging will ccnsist of logging the borehole at an
interval of ocne to two days initially, and weekly thereafter, until
the dri'ling disturbances have subsided and the ventilation in the
fault - 1d,cr fault zone can be measured. The geothermal logging will
invel« . pushing the temperature probe into the geothermal borehole.

.The czehoie may be either cased or uncased, depending upon borehole
cond.tions. If the borehc.e is cased, the PI may elect to fill the
caging with water to facilitate thermal contact with the surrounding
rock. The principal investigator for the geothermal investigations at
Yucca Mountain, or his designated representative, will determine the
exact location and orientatzion of any geotrermal boreholes drilled in
the ESF. -

mte identification of faults and the characterization of their
physical properties comprise a portion of tke geologic mapping
activity in the ESF (SCP Activity 8.3.1.4.2.2.4 in YMP-USGS SP
8.3.2.4.2.2, Structural features in the site area). Upon
identification of major faults by the geclocgic mapping activity, the
PI will determine if the major fault will be tested according to the
criteria outlined in Section 3.10.2. If the major faults is selected
for testing, one or two test alcoves containing HQ3 boreholes will be
installed (see Figure 3.10-2). The borehole drilling will use
tracer-tagged air to remove the cuttings. In addition, all fluids
used in drilling and/or testing will be tracer-tagged to insure
future identification. : :

-n order to quantify the fault and associated fault disturbed
zone permeability and porosity, it will be necessary also to quantify
the undisturbed tuff. Perceabilities and porosities of the faults,
fault disturbed zones, and undisturbed tuff will cover several orders
of magnitude. Because the testing requires that all three of these
be quantified, the equipment and test configuration was designed to
maxizize the testing range and allow for meodification as more
information is obtained. Maximizing the range of the mass flow
controllers and sensitivity of the pressure transducers the
equipment, will allow single hole testing in rock with permeability
ranging from 10-%m ? up to 10”x’. - Using three boreholes (#1, #2, and
#3) in a triangular configuration with approximately S meter sides
{see Figure 3.10-2), scoping calculations show that, for the gas
injection ranges and pressure transducers available, cross-hole
testing can be conducted in rock with permeability ranging from
approximately 10°m! to 10-*m® and porosity ranging frem .001 to .1.
Permeabilities less than 107 would generally -require long test
‘times for cross-hole testing and would be iimited to single hole
testing. . Single-hole testing at the high end range of 10%m?
corresponds to the permeability of a permeable gravel, however it is
possible that the faults may be more permeadble than this. If this is
the case and it is determined that accurate measurements of
- permeabilities greater than 10~'m’ are required, then the system will
have to be modified to handle higher flow rates and the boreholes
locazed closer together if cross-hole testing is to succeed.
Permeability of the undisturbed tuff will be characterized in
borenroles $#1, #2, and #3, if possible. If it is not possible to
characterize the undisturbed tuff in these boreholes, a fourth
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sorehole (#4) will be drilled into undisturbed (minimally fractured
and fauited) tuff. This borehole will be drilled away from the fault
~race, as shown in Figure 3.10-2.

Following cross-hole testing in the three perpendicular
borehoies, two additional 30 meter boreholes (95 and #6) will be
iastalled. These borsholes will be located from 1 to 3 meters from
the main trace of the fault and will be parallal to the fault plane
{see Figure 3.10-2). These boreholes will be used to expand testing
on the main trace of the fault plane and the rock in the first few
meters perpendicular to the main trace. In faults where it is more a
fault zcne and there is no identifiable main trace, the boreholes
will be located at the zone of greatest fracturing with the purpose
o> testing in the highest permeability zone of the fault. Tasting in
«.sesa boreholes will utilize the same egquipment as used in the first
chree boreholes.. Assuming a main trace of the fault is identified
boreholes #5 and #§ will be used to conduct tests across the fault or
cafine whether the fault is a constant head or impermeable boundary.
Using boreholes parallel to the main trace will allow testing over a
- iarger area of the fault than was possible with the perpendicular
boreholes. Preliminary modeling shows that for permeabilities
ranging from 10°*m* to 10-m’ the distance from the main trace to the
borehole should range from 1 to 3 meters. Assuming that a main trace
is identifiable a final 30 meter borehole (#7) will be drilled
parallel to and in the main trace. This borehole will allow single
kole testing in the main trace and will provide some statistical
evaluation of the range of the fault permeability. The equipment for
single hole testing has a maximum range of 10°x’. In faults zones
where a main trace is not identifiable borehole #7 will not be
required.

Figure 3.10-3 summarizes the organization of the testing strategy
for major faults. A descriptive heading for each test and analysis
appears in the boxes of the second and fourth rows. Below each
cest/analysis are the individual methods that will be utilized during
testing. Figure 3.10-4 summarizes the cbjectives of the activity,
and the activity and site-characterization parameters measured during
casting. Cross-references to other studies that provide input to the
major-faults testing also appear in both figures.

The two figuraes summarize the overall structure of the planned
activity in terms of methods to be employed and measurements to be
made. The descriptions in the following sections are organized on
the basis of these charts. Mathodology and parameter-  information are
tabulated as a means of summarizing the pertinent relations among (1)
the site-characterization parameters to be determined, (2) the
information needs of the performance and design issues, (3) the
technical objectives of the activity, and (4) the methods to be used.

3.10.3.1 Borshole d4drilling and coring

Geothermal boreholes, if drilled, should begin at preselected
site(s) where the major fault can be intersected. The locaticns(s)
will be selected by the principal investigator or a designated
representative. The selection of the site(s) will be determinegd by
the results of tha geologic mapping in the ESP. A small drilling
alcove will probably be required. The geothermal borehole will be
dry drilled to intersect the fault. Core need not be collected if
this will shorten the drilling time for the borehole, because time is
such a critical element in the geothermal logging. The length of the
geothermal borehols will be determined by the geometry of the ESF in
relation to the major faults(s) to be tested. The borehole will be
inclined slightly downward, approximately 3 to 5 degrees. The
geotharmal logging will require a borehole that can handle standard
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weight pipe with & minimum £.5 inch inside diameter: the probe is
approximately 2.0 inches iz diameczer. The pipe may be filled with *
water to facilitate the thermal contact with the surrounding rock. '
Keeping the air 'space between the pipe and the borehole wall to a
minimum is alsec highly desirable in order to minimize any air flow in
the borehole.

One or two alcoves will dbe required at each fault test location
in order to provide adequaze access to the fault and a suitable area
for staging drilling and testing operations off the main drift. The
boreholes will be HQ3 size and will provide core.' If possible, the
core should be oriented. A schematic diagram (Figure 3.10-2)
illustrates the desirable configuration for fault testing. The
2r’ cise configuration of tke boreloles, angle, and spacing,. will
p >bably vary according to the following local conditions: (1)
gueocmetrical relationship kezween the drifts, alcoves, and the plane -
of the fault or fault zone: and (2) estimates of the permeability of
the fault(s) based on eitker the geological mapping data or on a
preliminary pneumatic injection test performed in a .single borehole
intercepting the fault. T=he first alcove will be parallel to the
fault. Alcove dimensions will be determined by logistics and the
test requirements. Three coreholes, approximately 30 meters long.
will be drilled perpendicular to the fault, parallel to each other
and in the configuration of an equilateral triangle with ‘
approximately 5-m sides. The exact dimensions are still open to
discussion and will probably be changed as we obtain more
information. The location of the alcove in relation to the fault
will depend on the width of the fault zone. It is preferable to
locate the alcove outside the fault zone so that the boreholes can be
drilled from undisturbed tuff through the fault zone and into the
fault. This will allow testing of the fault and the fault zone.
However, air-permeability testing eguipment limitations will probably
restrict the alcove locaticn to within 30 m of the fault. If the
width of the fault zone is such that the first alcove is constructed
in the fault zone, the fourth borehcle will be drilled.

. During ESF construction, geologic and fracture mapping will be
conducted continuocusly with ESF construction. This informatien on
lithology, fracture density, and fracture orientation as it relates
to the major faults and the associated fault zone will be available
to the PI to aid in locating the alcoves and in selecting the final
configuration of the borehcles. Information on the fault fillings,
fracture density, and fracture fillings will be used to evaluate the
applicability of the approximately S meter triangular borehole
configuration, data on fault orientation will determine the
crientation of the boreholes and mapping of the horizontal extent of
the fault zone will determine the location of the alcoves. The rock
properties where the ramps cross the major faults are expected to
have a wide range of welding and therefore the associated fracture
zone will be variable. In addition, the amount of fracture and fault
£filling will vary with rock type. Judging from the large fault
digplacement seen in the Yucca Mountain area, it is also possible
that testing at a major fault site may be conducted in two different
stratigraphic units. Such a condition will require a great deal of
‘input in determining the borehole configurations. This input will.
include results from matrix hydrologic properties testing such as
discussed in Section 3.4 of this study plan.

Fellowing completion of the testing in the first alcove, drilling
of the boreholes in the second alcove will begin, if, in fact, the
second alcove is constructed. The second alcove, if constructed,
will be located at the fauit. The alcove, if constructed, will
extend from a minimum of 2 to & meters on both sides of the fault and
will be large enough to accommodate testing and instrumentation
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needs. The alcecve, if constructed, will be large enough to allew
drilling of two ¥23 approxirately 30-meter borehcles (#5 and #6, see
Figure 3.10-2), :ne on each side of the fault at distances of f-2m !
to ) meters perpendicular to the fault. The boreholes will be
drilled paralle. to the fauit. Following testing in boreholes 25 and
$6, core additionzi borehole (4¥7) will be drilled. -Borehole #7, #Q3
approximately 3. xeters in length, will be drilled parallel to
boreholes 5 arné 46 and directly along the fault plane (see Figure
3.10-2). If the major fault is more of a fault zone and no rea.
fault plane is :Zentified, the second alcove, if constructed, wi.l be
located in the =:st intense.y fractured part of the fault zone &=d
only borehcles 3 and €6 will be required. If there is more than che
major fault asscr'ated with the fault zone, the principal
investigator ma: :equest additional alcoves and boreholes sunila. to
the second alcc :.

3.10.3.2 Oc-site h.bo:atoxy hydraulic-pum:or tu:ing of core
and 4rill cuttings A

Selected coze and drill-cuttings samples cbtained during the
drilling process will immed:iately be sealed in wax, or placed :in air-
tiqht canisters and transpctted to a field laboratory, where
gravimetric-water content of gelected core and cuttings will be
determined. Iribrmation obtained will be used in the interpretacion
of gas-injecticn tests and will serve as baseline data for the zewly
drilled borehoies. This activity is described in the matrix -
hydrologic-properties testing activity (Activity £.3.1.2.2.3.1.) in
YMP-USGS SP 8.3.1.2.2.3 (Unsaturated-zone percolation - surface-based
studies). ,

3.10.3.3 off-site luboratozy hydraulic- and physical-paramster
testing of core

Core and cu:ztings samples not utilized during on-site hydrologic
testing will be sent off site to laboratories for testing the
following properzies: volumetric water content, grain density,
porosity, bulk Zensity, water potential, matric potential, water
retention, saturated water and gas permeability, and relative
permeability. The information obtained from these tests will be used
in the intezpre’&tion of gas injection tests and will serve as
baseline data I:r the newly drilled boreholes. Methods used to
measure -these i:por:ant hydrologic parameters are described in the
matrix hydrologic-properties testing activity (Activity
8.3.1.2.2.3.1) in YMP-USGS SP 8.3.1.2.2.3 along with possible
alternatives. ' '

3.10.3.4 ruetm logs of core

If continucus coring is possible, a cursory examination of the
core for fracture characteristics (e.g., type of fracture, depth to
fracture, etc.) will be made on site during drilling. In the
laboratory, & more detailed examination of the core will be made to
develop detajled fracture-characteristic logs. These logs will
include fracture frequency, width, coatings and fillings. ' Fracture
data from boretsles will be used in selecting test intervals for
single and cross-hole testing along with selection of the long-term
monitoring zones. No alternative methods for this activity were
identified, alzhough borehole-telev:.smn cameras will alsc be used to
view fractures :in situ.

3. 10.3 5 Borehole television surveys
" Following completion of drilling all boreholes will be logged

with an oriented television camera for fracture characteristics and
litholegy. The survey will be used for fracture orientation and to
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determine whetzar the fractures intersecting the borehole are open or -
closed. The fracture data will be used to supplement ramp- and '
drift-wall mapping and to detaermine the location of test intaervals
and long-term mcnitoring zones. An altarnative to borehole-talevi-
sion surveys is to maintain orientation of the core during drilling.
This would reg:ire a special oriented-core barrel. The oriented core
could be used o determine fracture orientation; however, it is often
difficult to determine from core whether fractures are open or
closed, and if they are drilling-induced or natural, especially at
greater depths where weathering is not as prominent.

3.10.3.6 Boreshole gecphysical surveys

© 1) .owing celevision logging, all boreholes will be caliper-,
nati a gamrma-, gamma-gamna-, and-neutren-logged. Neutron survays
w .. '2 conduczed on a periodic basis. These data will be used to
lvo at long-term drying or wetting trends. The neutron tool will be
caliorated as described in the USGS technical procedure.

3.10.3.7 Single-hole pneumatic testing

The first borehole of Figure 3.10-2 will be used for preliminary
single-hole air-injection testing. The hole will be criented near
perpendicular to the plane of the fault and will be counted as cne of
the three perperdicular boreholes. Cecnstant-rate, steady-state and
transient tests will bae used to estimate the fault-zone permeability
and fault permeability. Single hole pneumatic testing will use a
borehole packer-instrumentation system or a SEAMIST borehole liner
with a movable injection interval, flow meters, and pressure
transducers to conduct pneumatic testing in the fault zone and in the
fault. The test zones will be selected based on fracture mapping,
core examination, and borehole televisicn and geophysical testing.

The SEAMIST single-hole testing system, if utilized, consists of
a borehole merbrane and screened injection interval that make up an
injection uni:z (see Figure 3.10-5). The membrane is a ballocon type
unit that unfolds down the borehole in an inversion installation
technique. The inversion installation allows the liner to ba
essentially blown down the borehole thereby eliminating any need to
drag or push packers into the borehole. To conduct single-hole
injection tests, first the injection screen is installed at the
desired test interval and then the membrane is averted down the
borehole. The screened interval is on rollers and can be installed
at any location. The membrane forms a seal covering the entire
borehole except where the screened interval prevents the membrane
from contacting the borehole. Gas injection to the injection
interval is through a special injection line that connects the
injection interval to the alcove yet will not interfere with the
merbrane. The system will allow the entire length of the borehole to
be tested and is superior to packers because the membrane eliminates
the potential of the injected air to short-circuit and flow back out
the borehole. Because the SEAMIST system is new technology and has
had limited field testing, there is the possibility that the system
might not operate as hoped. 1If this happens, the SEAMIST system will
be replaced with a standard borehole-packer instrumentation system.

Prototype testing has determined that several gas-injection and -
withdrawal methods will be utilized during the single hole testing.
They include: (1) single-hole, constant-flow-rate, transient tests,
and (2) single-hole, steady-state, gas-injection and -withdrawal
tests.

Because the pneumatic permeability of the rock is dependent on

the moisture content, it is important to evaluate the influences the
air injection may have on the moisture content. Present theory on
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Yucca Mounta:n holds that the matric potential is generally dry
suchthat the fractures and.or large pores that are responsible for
most permeat:.ity are dry and therefore thé’ tes"*q will provxde qood
estimates of the rock permeability. As a general rule, the injection
pressures will be limited to 1.0 bars and therefore will not change
the pemeab;'.ir.y of any rock with a matric potential less than -1.0
bars. If t:ze laboratory matric potentials of the core samples show
matric potenzials greater than 1.0 bars, testing pressures will be
lowered to -ess than the matric potentials.

Single-tole fluid injection or withdrawal (production) field
tests are csomonly used to evaluate reservoir or aquifer
permeability. Thes» tests utilize only one active well and no
observatior wells. Rock parameters are evaluated from data (flow
rates and pressure collected from a single borehoie (Earlougher,
1977; Govier, 197/). The two single-hole methods listed above are
briefly described below. A thorough treatise on each method can be
found in the references accompanying each description.

. Steady-s:ate gas-injection and -withdrawal tests will be used to
determine tze permeability of individual fractures and faults
(Govier, 1977). Steady-state tests consist of injecting gas into o
withdrawing ¢gas from the rock until the downhole pressure and uphole
measured iniection (withdrawal) flow rates remain constant. Trautz
(1984) used this method to characterize fractures in unsaturated
fractured t:ffs. Schrauf and Evans (1984) also used thig method to
evaluate the relation between the gas conductivity and geometry of
natural fractures in the laboratory.

The sirgle-hole constant-rate transient test consigts of
injecting gas into the rock at a-constant rate and at the same time
monitoring the transient pressure response (i.e., change in pressure
with time). Constant-production-rate transient tests are commenly
used in the o0il industry to evaluate gas-reserveir parameters
{Earlougher, 1977). An alternative to this method, which is listed
in Table 3..)-1, is a constant-pressure transient test. As the name
implies, gas is injected or produced from the rock at & constant
pressure while the change in gas-flow rate is monitored with time.
Such a test is seldom made because it ig much easier to measure
pressure accurately than it ig to accurately measure flow rate
(Earlougher, 1977). Constant-rate tests, however, may inadvertently
become cons:ant-pressure tests, and so it is desirable to be able to
analyze both types of tests.

The results of the initial single-hole tests will be compiled
with the information obtained from core, video legs, borehole
geophysics, and geological mapping. Estimates of fracture
permeability will then be used to plan the optimal borehole
configuration for subsequent borehole drilling and cross-hole tests.
Although ra~p excavation effects are believed toc be minimized by the
20-m depth of the alcove, the effects of excavation in the vicinity
of the ramp and alcove will be considered in the preliminary
analyses. Yethods and data that are required to compensate for these
effects will be provided in the excavation effects test, as described
in Section 3.5. The results of a single-hole test, as just
described, can be heavily influenced by wellbore conditions, making
it difficul: or impossible to calculate effective porosity. In
addition, it is impossible to characterize the anisotropic nature of
a rock using a single-hole test. For these reasons, the data
obtained from the exploratory hole will have limited usefulness in
gite characterization. 1Its purpose will be realized chiefly in
providing input for scoping calculations that can be used to optimize
subsequent test strategies at each testing locaticn in the ESF.
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Figure 3.10-5. Schematic of SEAMIST system showing Injection and monitor
units.
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In addition to fracture data, rock-matrix lithology and
hydrolog:ic properties will be determined for the core obtained from
the initial exploratory hole. The physical properties that will be
determined from core sarples include matrix pore geometry, welding,
grain density, bulk density, and porosity. Fracture or fault
geometry data will include orientation, roughness, and, in the event
o.,mu1:1p~e faults, spacing. Mineralization along fracture or fault
walls will also characterized if present. The hydrologic properties
=hat wi.l be determined from the core samples include moisture
content (gravimetric and velumetric), water potential, matrix
potential, and moisture retention.

All core will be exmmined on site immediately before it is sealed
in wax or placed in ai~-tight canisters (for shipment to the surface
field laboratories). Some samples will also be sent to laboratories
off the site for mo: : complicated analyses (e.g., water potential,
matric potential, muisture retention, saturated water and gas
‘permeability, end relative permeability)}. This work is included in
che matrix hydrologic properties testing activity: (Activicy :
8.3.1.2.2.3.1) of Study 6.3.1.2.2.3.

An additional socurce of information w111 be the planned natural
gamma, gamma-gamma, neutron-moisture, and caliper gecphysical logs.
In all boreholes, this suite of geophysical logs will be used to aid
in the location of fault zones and the determination of moisture-
content distributions. Periodic temperature logs will also be made
in some borehcles to help determine the thermal gradient across the
fault zone.

Although & one-point sample taken from a sinqle borehole is an
inadequate representation of a large planar structure, some
- information obtained from the matrix-properties and geophysical-leg
testing will be immediately useful in assessing the hydrologic
significance of a fault or fault disturbed zone under consideration.
Such an assessment would be used only in guiding decisions pertaining
to the scheduling and implementation of subsequent testing activities
and not for actual site characterization. For example, a moisture-
content profile obtained from the core may provide information on the
recent history, if any, of moisture flow through the specified fault.
Structures, such as fracture coatings, which provide immediate
evidence of significant moisture flow (especially if it is determined
to be recent) will be given a relatively higher priority in the ESF
test scheduling. Water flow, if present, will be measured using the
techniques described in the perched water test {(Section 3.7).

3.10.3.8 -c:b-l&holo pnounitic.‘hvdrtulie‘uné tracer testing

Following the single-hole testing and preliminary data
evaluation, the location and drilling of the second and third
boreholes will be completed. Following completion of the drilling,
the second and third boreholes will be single-hole tested. All
previcusly given drilling and single-hole testing tequitements apply
to the second and third boreholes.

.Once the boreholes have been cored, fracture mapped (with video
camera), and logged with the suite of geophysical probes,
preparations will begin for cross-hole pneumatic (air or nitrogen)
testing. Cross-hole testing will be conducted between each of the
boreholes. The cross-hole testing will use the single-hole equipment
plus an additional two SEAMIST borehole monitor units. The SEAMIST
monitor units consist of a borehole membrane with up to 15 monitor
intervals (see Figure 3.10-5). The membrane operates the same as the
injection interval membrane but differs in that the membrane has up
to 1S monitor screens that are permanently installed in the membrane.
The monitor screens are comnnected to the alcove by small diameter
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tubing. These monitor screens allow the pressure response at the
monitor interval to be monitored in the alcove by connecting a
pressure transducer to the tube. The tube can also be used to
withdzaw gas samples from the monitor intervals. Once the monitor
unit is installad in a borehole, the borehole changes from a single
line source to 15 point sources. As with the injection unit, if the
SEAMIST monitor unit does not operate as needed, the system will be
replaced with an inflatable packers system. The single-hole-testing
SEAMZST injection unit will then be used to conduct cross-hole
testing between injection and monitoring intervals on the same side
of the fault, in the fault, and on opposite sides of the fault. (See
Sections 3.4 and 3.10.3.1 through 3.10.3.7 of this study plan.)

The @ <¢:- spacing and orientation of the holes will be determined
from an alysis of Qata obtained from fracture mapping, borehole
televis .n and geophysical legging, and the results of pneumatic
tests ..om the single-hole testing. The boreholes will be oriented
to maximize the number of fracture intersections. The boreholes will
be spaced in order to maximize the distance between the boreholes
whila still allowing a pressure transient responss between boreholes
in a reasorable period of time. It is anticipated, however, that an
expected minimum spacing of 5 m between the holes will be required.

Cross-hole pneumatic and hydraulic field tests, commonly referred
to as "interference tests® in the petroleum industry, are used to
evaluate reservoir permeability and storativity, determine the
location of structural features such as faults, no-flow and recharge
boundaries, and evaluate homogeneous versus anisotropic conditions in
raservoirs (Earlougher, 1977) and fractured aquifers (Hsieh and
Neuman, 1985; and Hsieh and others, 1985). Cross-hole testing is a
descriptive phrase used to describe a multiple-well test. Multiple-
well tests require at least one active (producing or injecting) well
and at least one observaticn well; however, only one active well will
be utilized at any given leocation and time during this study. Gas
will be injected or produced from an isolated test interval in one of
the boreholes, and the response of the formation to the change in
fluid pressure will be monitored in numerous nearby observation
intervals located in other boreholes. The test results, namely
active- and cbservation-well fluid pressures, and injection or
production-flow rates, will be used to calculate reservoir or aquifer
parameters. Analysis of the test results is dependent upon flow-
domain boundary conditions, the type of fluid injected into the
formation, the saturation state of the formation, and the type of
taest conducted (e.g., steady-state or transient).

The methods described with regard to single-hole tests apply
equally to cross-hole testing. The greatest difference between the
two test configurations is the quality of results that can be
determined from the test data. Single-hole test results can be
heavily influenced by wellbore conditions (i.e., skin effects caused
by wellbore damage or improvement), making it difficult or impossibdle
to calculate reservoir parameters. In addition, it is impossible to
characterize the anisotropic nature of a reservoir using a single-
hole test. The cross-hole tests provide a convenient test
configuration for estimating the permeability anisotropy of the fault
and fault zone. Types of cross-hole tests to be conducted include
(1) constant-rate transient gas-injecticn and recovery tests, and (2)
steady-state gas injection and withdrawal. A possible alternative to
these methods could be constant-pressure gas-injection tests.

Following pneumatic testing, cross-hole tracer testing will be

conducted. Tracer travel times between selected intervals can de
compared to velocities calculated from conductivities and porosities
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and used to estimate torsuosity. Tracer testing will be conduczed :=
cooperation and under guidelines of the geochemistry staff, using
methods described in Section 3.8.

Following pneumatic and tracer testing. several test sites will
be selected for hydraulic testing. Faults that were tested at more
than one location should have one test site selected for hydraulic
testing. Pneumatic and hydraulic test results will differ due %o
gravity, air entrapment, Klinkenberg effect, and other possible
influences. However, an opportunity to compare pneumatic and
hydraulic test results is important in the site characterization
program. If reliable techniques can be derived for estimating
permeability (and hydraulir conductivity) from air- and water-
injection test data at th field scale (that scale which correspond:
to the zone which ig eva’ .ated in the air- or water-phase testing),
then pneumatic testing-results may be more efficient and provide a
more ccmprehensive assessment of the permeability of the £oma:;ons
containing faults or fault zones than an estimate provided by
laboratory experiments. It will be necessary to perform cross-hole
pneumatic tests followed by hydraulic tests at select locations in
order to determine the usefulness of effective eir permeability in
calculating hydraulic conductivity. A full discussion of the use of
multiple testing epproaches for estimating hydraulic conductivxty is
i.ncluded in Section 2.1.2 of this study plan.

Obviously, sites chosen foz' a comparative analysis of hydraulic
and pneumatic testing should be representative of other fault-testing
locations in both welded and nonwelded units. However, they should
also be situated away from areas where water might interfere with
other test activities. The selected hydraulic test sites should
provide the confidence needed for correlating pneumatic and hydraulic
parameters.

Hydraulic testing will also allow for long-term monitoring
following water i.njection. Because some of the hydraulic test sites
have alternate sites where no water will be injected, this will allew
long-term monitoring of the same fault following air versus water

injection.

3.10.4 long-term instrumentation and monitoring of boreholes

A final phase of testing major faults or fault zones consists ¢.
instrumenting and monitoring for long-term observation of in-situ
hydrologic properties. The long-term monitoring will last from S to
7 years. Packers will be used to isolate selected monitoring
intervals in the fault and fault zone. Monitoring will be done in at
least one borehole at all major-fault test sites and one borehole
will be left for future logging ané possible testing. Monitoring
will include pressure transducers for pneumatic pressure, thermistors
for temperature, and thermocouple psychrometers for relative
humidity. Prototype testing by the USGS has shown that thermocouple
psychrometers can be calibrated with salt solutions to a sensitivity
of 0.05 bars and accuracy of 0.7 bars over & range of -1 to -75 bars.
Prototype thermisgtor testing has develcoped thermistors with
sensitivity of 0.001 C°, and accuracies of 0.005 C° over a range of 20
to 50 C°. Prototype pressure transducer testing and development has
resulted in units with sensitivities of 10.0 Pascals, and accuracies
of 20.0 Pascals over a range of 0.5 to 1.5 atms.

Long-term monitoring in selected boreholes will monitor changes
in pressure, temperature and relative humidity in the faults and may
allow detection of any water pulses that might percclate through tte
unsaturated zone. This type of information will be especially
valuable if one or more of the major-fault test sites is also a
geohydrologic unit-contact site. This will provide an opportunity to
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-“vestxga'e the hydraulic continuity of the major vertical sc—uftures
passing through the geohydrologic unit contacts.

The long-term meonitoring just described is based on the premise
that during infiltration events, percolation of water will discurb
=he in situ matrix potential and temperature.

3.10.5 Methods summary

The parameters to be detarmined by the tests and analyses
described in the above sections are summarized in Table 3.10-1. Also
listed are the selected and alternate methods for determining the
parameters and -he current estimate of the parameter-valua range.

The alterna* : .ethods will be utilized only if the primary (selected)
method is *.1p actical to measure the parameter(s) of interest. 1In
some case3, there are many approaches to conducting the test. In
zhose ca. es, only the most common methods are included in the tables.
The selected mathods were chosen wholly or in part on the basis of
accuracy, precision, duration of methods, expected range, and
interference with other tests and analyses.

The USGS investigators have selected methods which they believe
are suitable to provide accurate data within the expected range of
the site parameter. The test results will be used to develop models
and analytical techniques that describe the site flow system. The
expected ranges of the site parameter have been bracketed by previous
data collection and computer modeling and are shown in Table 3.10-1.

3.10.6 Quality assurance

The USGS quality-assurance program plan for the YMP (USGS, 1989)
requires documentation of technical procedures for all technical
activities that require quality assurance.

Equipment requirements and instrument calibration are described
in the technical procedures. Lists of equipment and procedures for
the use and calibration of equipment, limits, accuracy, handling, and
calibration needs, quantitative or qualitative acceptance criteria of
results, description of data documentation, identification, treatment
and control of samples, and records requirements are included in
these documents.
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Tab!le =1, Summ f nd methods § jor-faul ivi
- . p n e . ' . ge
Methods (selectea ana alternate) o« Site-cnaractenzation
parameter
{123 | [ 4 hydrauh rameter 1N f core ang gl n

Measure gravimetnc water content by drving Water content, qravimemc. '
and weighing sample . rock matrix
(selected)
Matrix hydrofogic properues tesung Bulk density, rock matnx
{selecred) ; .

) Grain density, rock matrix

° Moisture retention. rock matnx

" Permeability. relatve, gas. rock matrix

* Permeability, relative, water, rock matrix
Matnx hydrologic properties testung Permeability, saturated, gas, rock matrix
{selected)

° Pneumatic permeability, bulk, fractured rock

* Porosmty pore-size distribution, matrix

* Porosity. butk, fractured rock

° Water potential, rock matnix, and total fractured

rock
1 ng of cor
Off-site detailed examination for fracture ‘ Fracture characteristics: distribution, aperture,
characteristics used in test anatysis . alteration _ :
(selected]
On-gite cursory examination for fracture . Fault characteristics: width, coatings
characteristics used to locate test
intervals
(selected)
ol levision syrv

Television logging to determine fracture Fracture characteristics: distribution, aperture,
characteristics alteration

Fault characteristics: width, orientation, coatings
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f nd m d -major-f itl
Explorat Stud il {continued)

Maeathods (seiected and altarnatel Site-charactenzauon
parameter
-site | r rayti rameter n ‘ ril (1]

Neutron-moisture survey to dater .ine
volumaetric water content
{selected)

Water content, volumetric, rock matrix

Laboratory determinaunon of volumetric water -

componant of cores only
{selected)

Single-hole and muitihole, steady-state,
gas-injection and -withdrawal tests
(selected)

Single-hols and muitihols; gas-injection,
constant-flow-rate, transisnt tests
{selectad)

Single-hole and muitihols. gas injection,
constant-pressure, transiant tests
(alternate)

Gas tracer tasting

in-si man 1

Permeability, pneumatic

Anisotropy
Fault aperture

Psrmeability, pneumatic

Anisotropy
Porosity
Fault permeability

Permeability, pneumauc

Anisotropy
Porosity

Fault permeability
Tortuosity
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- | -1, Summa d methods for the major-faul

(SCP 8.3.1.2.2.4.10) in the Exploratory Studies Facility. (continued)
Mathods (selected and alternate) Site-charactenization
parameter
r i r £ il
Monitor pressure changes within test Pneumatic-potennal distnbution and fluctuation
intervals using pressure transducers
(selected)
Monitor changes in chemical composition Oiffusive tortuosity, fractured rock and rock
of rock-unit gases mass
{selected)
° Gaseous diffusion coefficient, fractured rock
units
Monitor changes in temperature within Temperature, distnbution and fluctuations
borehole using temperature sensors
(selected)
Monitor changes in water potential Water potential, distribution and fluctuation
within boreholes using psychrometers
(selected)
llection and tran £ mol
Crass reference 10 8.3.1.2.2.4.8 ESF Pore Qas compos:tion
hydrochemisty tests
(selected)
* Radioactve i1sotopes
- Stable isotopes
(1 | fic sestin
Cross-hole, steady-state, water-injection Permeability, water
tests scross geohydrologic-unit contacts
{selected)
Cross-hole, constant-rate, water-injection, .
transient tests across geohydrologic-unit
contacts
{selected)
Cross-hole, constant-pressure, .

water-injection, transient tests across
geohydrologic-unit contacts
(alternate)
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~ Department of Energy
Office of Civilian Radioactive Waste Management WBS 1.2.9.1.1
Yucca Mountain Site Characterization Ofice =~ @R N/A
P.O. Box 98608
Las Vegas, NV 89193-8608

APR 2 1 1994

Linda J. Desell, Chief, Regulatory Integration Branch, Systems
and Compliance, HQ (RW-331) FORS

SUBMITTAL OF PARTICIPANTS' MONTHLY STATUS REPORTS (SCP: N/A)

The U.S. Nuclear Regulatory Commission (NRC) has requested to be
put on distribution to receive a copy of the Yucca Mountain Site
Characterization Project participants' monthly status reports on
a regular basis. Therefore, the enclosed Civilian Radioactive
Waste Management System Management and Operating Contractor,
EG&G Energy Measurements, Inc., Los Alamos National Laboratory,
Lawrence Livermore National Laboratory, Sandia National
Laboratories, and U.S. Geological Survey monthly status reports
are submitted to your office for formal transmittal to the NRC.

If you have any questions, please call me at (702) 794-7622.

April V. Gil, Team Leader

Licensing Team

Assistant Manager for
AMSL:AVG-3149 Suitability & Licensing

Enclosure: (NOT RECORD MATERIAL)
List of Status Reports w/encls



