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ABSTRACT

This study plan discusses the in situ determination of ambient stresses as part of
the thermal and mechanical rock properties program. The planned overcore stress
activity will be done during construction of exploratory shaft ES-1. The elastic
strain recovery activity, also included in this study, will be detailed in a subsequent
revision of this plan. : ‘

Tests are planned at two levels in the densely welded T?opah Spring Member of
the Paintbrush Tuff-in a lithophysal zone (upper level) and in a nonlithophysal

- zone (lower level); tests are also planned in an alcove near the base of the shaft.
The tests will be done in breakout rooms at least 8 m from the shaft. Some of the
tests will be done within 1-6 m of the breakout-room walls to define the zone in
which stresses have been changed by the excavation, others as deep as 20 m to
measure undisturbed stresses.

The test methods are as follows. First, three noncoplanar explorato? NQ
(3-in.) holes are cored to determine the best locations for the overcore holes; the
cores are logged for lithology and fracture data, and core is selected and stored for
rock-fabric analysis. In eac exgloratory borehole, a borehole TV camera is used to
survey and record fractures, and dilatometer tests are done to estimate the '
deformational 1Pro rties of the rock mass. When suitable locations bave been .
found, three pilot EX (1.5-in.) holes are cored in increments of about 1 m, parallel
to the exploratory holes and about 0.2-1 m from each hole. For each pilot hole, the
core is lo%%&cllnand the borescope is used to survey fractures. The USBM (U.S.
Bureau of Mines) borehole deformation gatage is then installed, and about three to
five overcore stress-determination tests are done in each pilot hole. For the
overcore tests, an interval of about 0.5 m of the pilot hole containing the USBM
gagge is overcored, and the overcore specimen is removed; the biaxial elastic
modulus test is done, and samples are selected and stored for rock-fabric
examination. At the base of the shaft, low-volume hydraulic-fracturing tests also.
may be conducted. -

Elastic anisotropy tests are conducted on samples from oriented overcores and
on selected NQ cores. Thin sections are taken parellel and perpendicular to the
borehole axis from the overcore specimens, and microfracture orientation and
abundance are determined by standard universal-stage methods.
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STUDY PLAN 83.115.2.1: CHARACTERIZATION OF THE SITE
AMBIENT STRESS CONDITIONS

This study plan summarizes and sup&)lements the discussion of section 8.3.1.15.2.1
of the SCP. The study plan describes plans for characterizing the ambient stress
conditions at Yucca Mountain. The study comprises two activities—

= 8.3.1.15.2.1.1--Anelastic strain recovery experiments in core holes
‘u 8.3.1.15.2.1.2--Overcore stress experiments in the exploratory shaft facility

Because the overcore stress activity will be started during construction of the
exploratory shaft, it is discussed in detail in this study plan. The anelastic strain
recovery activity will be detailed in subsequent revisions of this plan. ‘

This studg is one of ten planned to characterize preclosure rock properties.

Figure 1-1 shows the relation of the study to other studies in the thermal and

mechanical rock dproperties program (Program 8.3.1.15), and figure 1-2 shows the

glnefsign issues and the other characterization programs for which the study provides
ormation. : A

1 PURPOSE AND OBJECTIVES OF THE STUDY

1.1 Information to be obtained and how that information will be used

The main objective of this study is to obtain a set of spatially distributed stress
measurements to characterize the ambient state of in situ stress representative of
undisturbed conditions in the repository host rock. Specific uses of the information
for meeting design and performance goals and regulatory requirements are
discussed in sections 1.2 and 3.2.9; uses of the information for supporting other
studies are discussed in section 4. .

Objectives specific to Activity 8.3.1.15.2.1.2 are discussed in section 3.2.

1.2 Rationale and justification for the information to be obtained_: why the
information is needed ' '

This section explains \_vhy the information to be obtained in this study is needed
(1) to predict the performance of the repository relative to the tentative goals
associated with performance measures and (2) to satisfy regulatory requirements.

- Data on ambient stress conditions are needed to specify initial and boundary
conditions for repository design calculations. Speciﬁm.l‘g, information from the
study is needed to evaluate the response of the rock to thermal loading and to the
excavation of emplacement boreholes and drifts. Figure 1-2 shows the design issues
and other site characterization programs that require information from the study.

. Information from this study is needed to predict the performance of the
repository relative to performance or design goals for three design issues—1.11,

1.12, and 4.4 (SCP table 83.1.15-1). Table 1-1 shows these goals and the

performance measures with which they are associated. The table is taken from SCP

sections 8.3.2.2 (Issue 1.11), 8.3.3.2 (Issue 1.12), and 8.3.2.5 (Issue 4.4). The terms

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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%d)ooneep:s in the table are defined in those sections and in the SCP glossary (vol.

For issue 1.11, information from the study is needed to measure the predicted
rformance of the repository against one or more of three performance goals
table 1-1) in order to demonstrate that the rc%ository and its cngineered%)arriers
would comply with 10 CFR 60.133 (SCP table 8.2-2). The study will measure
deformation and elastic properties of intact rock in thermal/mechanical unit TSw2
(ponlithophysal Topopah Spring; SCP, fig. 2-5) in order to provide information on
the maximum and minimum horizontal stresses in the rock mass of the unsaturated
zone (SCP table 8.3.1.15-1); those stresses, in turn, will be used to evaluate the
initial stress state in the primary area and extensions (SCP table 83.2.2-5).
Speciﬁcalcl‘y, an estimate of the ambient stress condition is needed to: design the -
layout and engineered barriers to contribute to performance (Part 60.133&)( 1));
- accommodate site specific conditions (Part 60. 3(b°)3§ reduce deleterious rock
- movement (Part 13 Sez(Z)); select excavation methods that limit preferential
pathways (Part 60.133(f)); and predict thermal and thermomechanical response of
the rockmass (Part 60.133(i)). .

For Issue 1.12, information from the study is needed to measure the predicted
rformance of the tcggs.iztg? against one or more of five design goals (SCP tables

3.1.15-1,83.3.2-1. 8 in order to demonstrate that the shaft an

borehole seals would compli'aswith 10 CFR 60.134 (SCP table 8.2-2). The study will
measure deformation and elastic properties of intact rock in units welded -
Tiva Canyon) and TSw2 (nonlithophysal Topopah Spring) in order to calculate the
maximum and minimum horizontal stresses in the rock mass of those units in the
primary area (SCP table 8.3.1.15-1), so as to contribute to information on the

- ambient stresses at potential seal locations (SCP, p. 8.3.3.2-32). The ambient stress
conditions are relevant to this issue because the nature and extent of preferential
pathways resulting from the excavation and operation of the repository will de;gend
in part on the ambient conditions. The structural and hydrologic behavior of the
rock/seal interface will also depend on the ambient stress conditions and the
redistribution of the stress field around the openings. That information is needed to -
ensure that the anchor-to-bedrock plugs and seals, the general fill, and the station
plugs limit the flow of water into the underground facility; that the drift backfill seal
reduces the potential for subsidence; and that the borehole seals reduce the
potential for radionuclide transport through boreholes (SCP table 8.3.3.2-1).

For issue 4.4, information from the study is needed to predict the performance of
the repository in terms of the performance goal that accessways and drifts remain
usable for 100 yr; the licensing strategy calls for that goal to be attained with high
confidence (SCP table 8.3.2.5-2). The assessments will be based in part on
analytical and empirical evaluations that require an estimate of the ambient stress
conditions at the site and the redistribution of the stresses around the openings.
(This performance goal is also & performance measure for Issue 4.2 (nonradiological
health and safety; SCP, sec. 8.3.2.4); resolution of that issue presumably would also
depend on information from the stuc}ytz Information from the study is needed to
measure the deformation modulus of the rock mass in unit TSw2 and to measure
deformation and elastic properties in intact rock of unit TSw2; those measurements
~ will allow for calculation of the ratio of the maximum and minimum horizontal
stresses to the vertical stress and for determination of the bearing of the horizontal
- strgsgg’s. .z’m‘5 tg;e rock mass of unit TSw2 in the primary area (SCP tables 8.3.1.15-1
an -2). -

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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Information from this study is also needed to address regulatory requirements of
10 CFR 60 (Disposal of Hig;lbeve_l Radioactive Wastes in Geologic epositories)
and 10 CFR 960 (General Guidelines for the Recommendation of Sites for the
Nuclear Waste Repositories): the information is needed to characterize the present
and expected characteristics of the host rock and surrounding units, so as to
determine compatibility with containment and isolation as required by 10 CFR
60(c)(1)(ii)(C) and 10 960.4-2-3 (postclosure rock characteristics). In addition,
information from the study is needed to characterize the host rock and surrounding
units so as to evaluate if construction, operation, and closure of the repository are
feasible, as re%ui.red 10 CFR 60.122(2;(21) and 10 CFR 960.5-1 (system :
guidelines) and by 10 960.5-2-9 (preclosure rock characteristics). Estimates of
the rock-maés deformation modulus are needed to ¢:2dnfirmby ] e&%—.ﬁl&n? ‘?ﬁ;ign

arameters during repository construction, as requir .141(a), (b), -
gnd (c). The estimatgs.sh-or::y this study, coupled with observations of fracture
frequency, will supplement the estimates of modulus from Study 83.1.15.1.7. The in
situ state of stress is needed to contribute to the evaluation of possible tectonic
phenomena at Yucca Mountain, to determine if construction, ?’peration, closure,
and decommissioning of the repository are feasible, as required by -
10 CFR 60.122(c)(13§ and 10 CFR 960.4-2-7 (postclosure tectonics) and by
10 CFR 960.52-11 (preclosure tectonics).

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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Eal

2 RATIONALE FOR SELECTING THE STUDY

The two activities in this study were chosen as complementary means for
obtaining the required information on ambient stress conditions. The bases for
selecting the types of tests comprised in each activity are discussed below. The
.actual plans for the tests are discussed in section 3.2.1.

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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2.1 Activity 8.3.1.152.1.1: Anclastic strain recovery ckperiments in core holes

The rationale for choosing the tests in this actmty will be detailed in subscquent
revisions of this study plan.

Study 8.3. 1 15.2.1: Charactenzanon of site ambient stress conditions
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22 A:ichgivity 8.3.1.15.2.1.2: Overcore stress experiments in the exploratory shaft
acility .

2.2.1 Rationale for types of tests selected

. The planned tests (table 3.2-2) were chosen from alternative types of tests
discussed in this section for the reasons below. In some cases, alternatives to the
selected tests are also being conducted, either as part of this activity or as additional
activities, to complement and supl)ort the information gathered by this activity. In
combination, the planned borehole and laboratory tests will provide data to identify
locations for performing the stress measurements. .

22.1.1 Borehole inspection

Borehole inspection is needed to locate relativelg intact intervals for overcore
stress measurements. Because borescope and borehole television observations give
limited information on fracture filling, roughness, and displacement, the alternative
method of examining core also will be used. Inspection needs could probably not be
met solely through the alternative of examining core—-especially, small-diameter
(EX) core from the pilot boreholes. Such core often contains induced fractures; it is
often incomplete, and joint fillings may have been washed away. Amrdiw?xﬁl{;e i3
fracture information for the pilot (EX{ and exploratory (NQ) boreholes wi
obtained both from inspection of the boreholes and from inspection of the cores.
Oriented cores from the 6-in. overcore holes also will be inspected for fractures
after stress measurements and will be sampled for thin sections.

Geophysical logs (e.g., natural gamma, gamma density) may be used as indices
for comparing rock-mass J)roperties. Crosshole techniques (e.g., seismic
tomography) may be used to investigate the rock mass between drill holes. These
methods could be used for reconnaissance prior to overcoring or for correlating -
properties between the NQ reconnaissance holes and the overcoring pilot holes. . -

2.2.1.2 Borehole dilatometer tests
The borehole dilatometer will be used mainly to characterize deformability as a

| function of distance from the excavation and to support the selection of intervals for

overcoring by identifying zones of higher modulus, which suggest less fractured
volumes ogf rgck. The mgcasuremcntsg?vill also be used to esti‘xgnate the distance from

" the excavation that the deformation modulus of the rock has been altered.

Alternatives to the borehole dilatometer include the Goodman jack and the Menard
pressuremeter. The Menard pressuremeter is not well adapted to rocks having

_relatively high modulus, such as the welded tuff. The chief advantage of the

Goodman jack over the dilatometer is its ability to apply directed uniaxial loads to
the borehole and, after repeated tests in different orientations in the borehole, to -
yield information on the anisotropic response of the rock. The chief disadvantage of
the Goodman jack is its sensitivity to platen-borehole mismatch and attendant
theoretical problems in data reduction. To overcome this problem, nonroutine
boreholes must be drilled to exacting specifications with regard to diameter of the
borehole, a practice that is both time consuming and costly. The dilatometer, on the
other hand, will function satisfactorily in boreboles obtained by routine drilling
practices. : A

Study 8.3.1.15.2.1: Chaiacterizatidﬂ of site ambient stress conditions
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A

- complete determination of the stress state; the CSIRO method requires only one

2.2.1.3 Overcore stress measurements

To obtain information on the present three-dimensional state of stress in the
immediate vicinity of the exploratory shaft, the stress-relief technique has been
selected as the primary method. This passive method of obtaining data on the in
situ stress state in shallow boreholes (<S50 m or 160 ft) has witnessed steady
progress in development and application, is firmly based in theory, is supported by
extensive literature sp more than two decades, and has met with general
acceptance in the rock-mechanics community. Its chief alternative is the active
method of hydraulic fracturing.

Another method for measuring the stress state is the diametral deformation
method (Serata and Kikuchi, 1986). This method is subject to uncertainty of

" interpretation associated with pree:dsnxf fractures, anisotropy of mechanical

properties, and borehole orientation. Although the diametral deformation method
1s not planned for this study, it will be considered if fracture conditions at any test
level prove incompatible with the overcoring method. ' .

Various technigues are available for monitoring stress changes in response to
environmental influences (e.g., Gloetzel cells, flatjack pressure cells, IRAD rigid-
inclusion stressmeter), but they are not standard techniques for measuring the
preexisting in situ state of stress. A

To induce stress relief, an instrumented volume of rock is removed from its
surroundings; in practice, the rock is removed by coring over and around a strain-
monitoring instrument contained in a centered coaxial pilot hole. Upon removal,
the core of rock expands or contracts owing to loss of confinement, and the

- attendant displacements or strains are recorded. The three principal candidate

instruments are the U.S. Bureau of Mines (USBM) deformation gauge, the
Australian (CSIRO) hollow-inclusion cell, and the doorstopper method. The
USBM and doorstopper methods both require three noncoplanar boreholes fora

borehole. The USBM and CSIRO methods of measurement require that the length
of the recovered core be at least twice its diameter to allow for complete stress
relief and for measurement of its elastic properties as described in section 2.2.1.4.
The doorstopper method typically requires a smaller diameter borehole than the
other methods. The CSIRO and doorstopper instruments must be cemented to the
borehole wall, introducing potential difficulties in gettiuissaﬁsfactory bonding; and
the bonding material could conceivably interfere with subsequent chemical testing.
Both methods also require the use of numerically or experimentally derived
geometrical or strain-coupling constants for data interpretation. -

Notwithstanding the advantas;s of the doorstopper and CSIRO methods, the
USBM method was selected as the pri method, principally because of its
inherent simplicitg and relative stability. The USBM gange is wedged and oriented
in the pilot hole; because of its circuit desi%u éfull Wheatstone bridge), it isless
affected by heat conduction to the pilot hole during overcoring. The CSIRO cell is -

- encapsulated with epoxy and oriented in the pilot hole; because of its circuit design

(?luarter Wheatstone bridge), it is more sensitive to heat-induced expansion in the
pilot hole, which cannot be flushed with cooling fluid during overcoring (Swolfs,
1982). The selection of the USBM or CSIRO method (displacement or strain

- measurement) is based on the prevailing site and rock conditions in the shaft. The

USBM gauge will be the primary instrument, but the CSIRO cell may be used as a

Study 83.1.15.2.1: Characterization of site ambient stress conditions '
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s !‘(

secondary instrument if stresses are sufficiently high aﬁd if the thermal response of
the cell is sufficiently low to allow accurate measurements.

2.2.14 Biaxial elastic modulus tests

The biaxial elastic modulus test is required to interpret the strain-relief data from
the USBM lfauge or CSIRO cell. Most of the rock is expected to be reasonably
isotropic. It the rock is isotropic or nearly so, then this technique of modulus .
determination is adequate for data interpretation using standard methods. Its chief
advantage is that the modulus measurements can be made in the field immediately
after overcoring and performed at pressures in the biaxial device that approximate
the stress level in the rock prior to overcoring. If biaxial testing reveals significant
anisotropy, then the alternative of laboratory triaxial core testing on oriented
samples cored from test overcores will be used to determine the required
anisotropic elastic parameters (Aggson, 1977). o ’ ,

The additional laboratory alternative of polyaxial testing techniques (Swolfs and
Nichols, 1987) will be used to fully characterize the elastic properties of rock that is
highly anisotropic. By testing cubes obtained from the annular portion of the
onented overcores, values of Young’s modulus and Poisson’s ratio may be obtained
in three orthogonal directions. These froperty measurements can then be usedin a
data-analysis procedure (Hooker and Johnson, 1969) that assumes the rock to be
orthotropic; that is, the rock is assumed to have three m,utualliv &erpendicular planes:
of elastic symmetry, with the overcore perpendicular to one of these planes.

Extreme anisotropy is sometimes caused by a fracture contained in an overcore
annulus that otherwise remains intact; results from such tests will be discarded as
not representative of in situ stress conditions, since the overcore sample is not
representative of relatively homogeneous material where stress reliet can be

applied. ~
2.2.1.5 Hydraulic ﬁ'acturmg
Low-volume hydrofracture tests may be performed in unwelded tuff in an alcove

- near the base of the ESF (fig. 3.2-3) in order to provide independent

measurements of the ambient stresses for comparison with the overcore results.
Hydraulic fracturing is not well suited for the rock expected at the upper test
levels--highly fractured welded tuff above the water table; consequently, hydraulic
fracturing will be used only at the lower level. '

2.2.1.6 Rock-fabric analysis

Microscopic rock-fabric analysis will supply detailed three-dimensional
information on fracturing and mineral grains; that information will b¢ used to _
evaluate variations observed in the elastic rock parameters needed for interpreting
the overcoring data. Directional variation of intact rock modulus is caused
grimaril by microscopic fractures, which this analysis will identify (McWilliams,

966). The standard petrographic techniques to be used for rock-fabric analysis
bave no reasonable alternatives. E :

2.2.2 Rationale for the number, location, duration, and timing of the selected tests

~ The number and location of the tests is based on the objectives of the study and
the needed confidence specified in the SCP performance allocation process (see sec.

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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1.2). The number and locations (summarized in table 3.2-3) vary depending on the
test method. The testing program identified in the table is considered adequate but
is conditional, and additional tests may be required if conditions result in a
significant number of unsuccessful tests or if the data variability exceeds the
specified confidence level. ‘

2.2.2.1 Number

The number of tests of each type is discussed below. In general, the number of
tests will be guided by experience and by standard methods (ISRM, 1987a, b).
However, depending on specific rock conditions in the shaft and the experience
gained during prototype testing of these or related field methods in G-tunnel, the - .
number of tests of each type may be modified. Therefore, the actual number of
tests of each type will depend on the observed variability of the rock mass in the
shaft: if the rock is highly fractured or heterogeneous, larger numbers of tests may
be run in order to delimit the range of test results and thereby help to ensure
representativeness of results. Additional tests may be performed—for example, in
intervals where the deformation modulus changes abruptly.

i ion.-One inspection will be made in the 3-in.-diameter (NQ)
loratory borehole for each dilatometer test in order to log the fractures in the
hole, and one borehole inspection will be done in the 1.5-in.-diameter pilot (EX)
hole prior to each overcore stress test. Each inspection will be detailed enoughto ..
ggsuﬁc lth}at the overcore stress tests are made in the least fractured intervals of the "

rehole. : :

Borehole dilatometer tests.-Nine 3-in.-diameter (NQ) dilatometer test holes
are planned for the exploratory shaft: one dilatometer hole will be cored parallel to
each of the three required overcore test holes at each of the three test levels in the
shaft (figs. 3.2-1, 3.2-2). To obtain a representative characterization of relative
deformability as a function of distance from the excavation and to support the
selection of intervals for overcoring, dilatometer tests will be run continuouslyin
each hole, sampling approximately 2-ft intervals. Similar tests may be performed in .
the EX pilot holes as they are extended along each overcore test hole in advance of -
each overcore test. -

Jercore stress tests.—~Three noncoplanar drill holes are required to calculate
the gnincx pal in situ stress magnitudes and directions. For each drill hole (fig.
3.2-2), two overcore tests will typically be run in the zone of redistributed stresses
(as near to the excavation as rock conditions permit) and three tests in the zone of
undisturbed stresses. A

Biaxial elastic modulus tests.--One test will be performed on each overcore
stress test sample. A single test is standard practice, because the elastic modulus

should be measured immediately after the overcore is removed from the borehole.

- Hydraulic fracturing test.-About three or four tests will be made in each of the
three 3-in.-diameter (NQ) dilatometer drill boles in the alcove near the base of the
shaft (fig. 3.2-3). A

ic analysis.—-Typically, about three thin sections will be studied for -
each overcore sample; that number will ensure that the microfracture populations
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 at overcore locations are adeciuately sampled. Study of those microfractures will -
identify anisotropy in the samples, as described in section 3.2.1.

2.2.2.2 Location

The tests are to be conducted in the exploratory shaft because it allows the first
opportunity to make detailed in situ measurements of stresses above and within the
repository host rock (fig. 3.2-3). The test results will provide the only available
approximation of stress conditions in the host-rock mass until further testing is done.

The levels for testing are dictated by the design of the shaft (fig. 3.2-8); at each
level, testing will be done in breakout rooms adjacent to the shaft. Some of the tests.
will be done within 1-6 m of the breakout-room walls to define the zone in which ...
stresses have been changed by the excavation, others as deep as 20 m to measure
undisturbed stresses. However, stresses will be measured at least 8 m from the shaft
so as to avoid the effect of shafr excavation on the measured stresses (for linear
elastic rock-mass resgqnse, this corresponds to a distance of at least two shaft
diameters from the shaft wall). -

At each level, overcore testing requires three noncoplanar holes--two
subhorizontal and one vertical (see sec. 2.2.2.1 and fig. 3.2-2). Hydrofracturing
tests are to be conducted if the shaft penetrates unwelded tuff near its base; the
welded tuffs e?osed higher in the shaft are likely to be too highly fracturedtobe . ..
suitable for hydrofracturing tests.

2.2.2.3 Duration

The planned tests were selected because individual tests are appropriate for the
information needs and because the overall test 'Erogam can be accommodated.
within the anticipated excavation schedule for the ESF. The duration of test series
for individual holes will depend on the complexity of fractures and heterogeneities
within each drill hole: enou‘fh time will bé taken to ensure that the test results are
representative of the desired parameters and can be readily and adequatel{ ;*
%ntexl'p(rete%.) Current estimates are that the test series will require about 21 days per
evel (sec. 5). - ‘

2224 Timing

The tests were planned to obtain in situ stress measurements early in the ESF
development program, both to allow for subsequent planning and to avoid
interference from mininliactivity and other excavations. The timing will be
determined in part by other simultaneous testing (g’l.%., excavation-effects tests) at
each level andgy the resumption of shaft g. The tests will be done in the
sequence shown in table 3.2-4. At the upper two levels (fig. 3.2-2), the overcore
stress tests will be conducted either immediately after the demonstration breakout
rooms (DBR’s) have been constructed or after completion of shaft construction.
The ES construction schedule has not been finalized at this time. Itis
recommended that the stress measurements be made as soon as possible after
breakout room construction to avoid introducing additional uncertainty related to
time-dependent effects. At the lower level, tests will be conducted after shaft
gc‘)zm‘slction in a drilling alcove extending laterally from the shaft near its base (fig.

c

. +
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2.2.3 Constraints: faétors affecting selection of test methods

None of the factors considered below provided a strong basis for choosing the
planned test methods rather than alternative methods discussed in section 2.1; for
all factors, alternatives to the selected tests were essentially the same as the selected
tests. For example, alternatives to the planned tests would all have negligible
impacts on the site, so impact was not a basis for choosing between alternatives.

22.3.1 Impacts on the site

No detrimental effects on site %cérformance are anticipated from the planned
tests. The greatest impact would be due to the low-volume hydraulic-fracturing tests
at the base of the shaft. The artificial hydraulic fractures produced in those tests are
not expected to silgniﬁmm'?" affect the site: they will close after testing and are not ..
f,x;lalect(idltgo7 g;ld significantly to the natural fracture population (Zoback and

ollar . o -

In terms of short-term impacts, the amount of fluid lost to the rock during drilling
and overcoring will be minimized through the use of dry drilling wherever feasible.
Fluid loss during the low-volume hydro ing tests will be small because each
test typically injects about 2-3 gallons, or less, of water into the rock. Both selected
and alternative tests require mined rooms; determination of ambient stress away
from the openings requires drilled holes, which slightly alter the rock mass within - ¢
10-15 m of these openings at the three established levels.

In terms of long-term impacts, the tests are not expected to impact 8pcrformance

of the site, based on analyses and considerations described in section 8.4.3 of the

SCP. The relatively short borehole lengths (20 m or less) are not expected to create

preferential pathways to the accessible environment. If a borehole intersects a fault

g; fraacjtuée zone identified as being important to waste isolation, the borehole will
sealed. :

2.2.3.2 Simulation of repository conditions

Overcore stress testing would simulate repository conditions as well as or better
than alternative test methods. For example, at many locations, the flatjack method
(Deklotz and Boisen, 1970) and other stress-cancellation methods would be unable
to reach into the shaft or drift wall to a depth where stress conditions are relatively
undisturbed by the excavation, making it impossible to measure ambient stresses.

2.2.3.3 Required 'accurécy and precision -

The planned test methods differ negligibly from alternative methods in terms of
test accuracy. The rlanned USBM overcoring method is considered one of the most
accurate and reliable methods for stress measurements in tuff. The planned tests
should meet the tentative goals for accuracy shown in table 1-1. We anticipate
measurement error limits of + 1 MPa for vertical stresses and +2 MPa for horizontal
stresses. These error limits will bound the required accuracies. o

2.2.3.4 Limits of analytical methods

The planned test methods use standard elastic solutions, as well as solutions
which account for rock anisotropies (Becker and Hooker, 1967; Swolfs and Nichols,
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1987). The limitations of standard elastic solutions include assumptions of rock
elasticity and bomogeneous continuity. They also are generally restricted to two-
dimensional, plane stress or plane strain analyses. However, nearby fractures or
altered zones may give rise to nonlinear inelastic and anisotropic or combined
responses during overcoring. Borehole TV, core, and dilatometry observations may
not always detect the presence of such fractures, and models for continuum behavior
may not explain their effects. Accordingly, the planned methods differ negligibly

- from alternative methods. '

223.5 Capability of analytical methods ,

Capabilities of analytical methods were not a basis for selectin'% test methods. -
The planned methods were selected largely because the methods for gathering and
reducing data are well established. The overcore method of in situ stress
determination with the USBM gauge was chosen in because of its wide
acceptance in the geomechanics community and its history of successful operation in
many rock types (Tullis, 1981; et al., 1986; Nishimatsu et al., 1986). The
instrument has been manufactured commercially for many years, and it has been
used to investigate rock stresses for surface and underground construction in rock,

-including potential nuclear-waste-storage facilities. As stated in section 2.2.14, if
the Yucca Mountain rock is strongly amisotropic, the data-analysis procedure of
Hooker and Johnson (1969) can be used.

2.2.3.6 Time constraints

Time constraints did not affect the choice of test methods: the planned test -
methods would provide the required information in the time available at least as
- well as alternative methods. The planned methods are faster than more labor

intensive large-scale tests such as the flatjack stress-cancellation method. Section
8.3.1.15.1 of the SCP addresses these concerns. ,

2.2.3.7 Scale and applicability

The results of the planned tests are expected to provide reasonable estimates of
the initial boundary conditions of in situ stresses in the rock mass surrounding the
exploratory shaft. The test results will not be widely extrapolated; rather, they will
be combined with the results of other studies (see sec. 4.3) to characterize the stress
state at Yucca Mountain. The borehole dilatometer tests will be used only to
provide data on relative deformability near boreholes extending away from the
'excar\:;tl:d openings; the results will be used mainly to locate adjacent overcore test
intervals. ' o .

223.8 Interference with other tests

The overcoring stress test and associated supporting tests are expected to have
negligible interference with other tests in the ESF. This minimal interference is
independent of the type of test; hence, it was not a basis for choosing the types of
tests. The planned boreholes will alter the stress state for only two or three
borehole diameters (about 0.5 m) beyond the borehole wall, and instrumentation
used in other ESF tests can readily be located outside this stress-redistribution zone.
Hydraulic permeability may increase locally because of fracturing induced by
overcoring or by stress redistribution, and moisture content may increase if water is
used in dnlling or decrease because of evaporation from air circulation in the
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boreholes. But hydrologic studies can readily be conducted well cutside the
locations of the boreholes (¢.g., several meters), and tracers will be added to all
water used in the tests so as to 1dcnnfy[gotentxal interference with su ent
hydrologic and bydrochemistry tests. The volumes of drilling fluid and of water for
the hydrofracturing tests will be minimized so as to reduce interference with other
tests. The hydraulic fracturing tests will be done only at the base of the shaft so as
to avoid interference with other tests on the main test level.

2.2.3.9 Interference with exploratory shaft

Both the planned tests and any reasonable alternatives would affect the design
and construction of the exploratory shaft. The planned tests are expected to require
35 gays rcl lclvel (sec. 5); alternative tests would result in similar or greater impacts
to the schedule. _
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3 DESCRIPTION OF TESTS

This section describes the tests planned for Activity 8.3.1.15.2.1.2--Overcore
- Stress experiments in the exploratory shaft facility. The tests for Activitge
8.3.1.15.2.1.1-Anelastic strain recovery exfeﬁments in core holes—will
described in subsequent revisions of this plan. - . .
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3.1 Activity 83.1.15.2.1.1: Anelastic strain recovery experiments in core holes

| The tests inthis activiy will be described in subsequent revisions of this study
plan. C
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3.2f fzﬁltmty 83.1.152.12: Overcore stress experiments in the exploratory shaft
acility :

The objectives of this activity are to determine the ambient in situ state of stress
in three dimensions at three predetermined levels—-above and within the repository
host rock-in that part of the repository block penetrated by the ESF, and to
evaluate the extent to which the ambient stresses are changed by the excavations.
Table 3.2-1 shows how the information from this activity will be used. Secondary
objectives of the activity are to relate the observed in situ stress parameters :
(magnitude, orientation, stress differences, and variability) to rock-mass fabric and
structure and to estimate the extent of the region surrounding the underground
openings where the deformation modulus of the rock has been altered. Specific
uses of the information for meeting design and performance &oals and regulatory
requirements are discussed in sections 1.2 and 3.2.9; uses of the information for
supporting other studies are discussed in section 4. -

3.2.1 General approach

In situ stress determinations and related tests are planned at three levels in the
ESF. (The construction of the ESF is described in sec. 8.4 of the SCP.) Specifically,
tests are planned at each of the two breakout levels in the densely welded Topopah
Springs Tuff--in a lithophysal zone at the upper level and in a nonlithophysal zone -
at the lower level; tests are also tplanne:d in an alcove near the base of the shaft (fig.
3.2-3). An integrated analysis of borehole-measurement data, core mechanical .
properties test data, and rock-mass fracture data will be used at each site to
characterize in situ stresses at each level. The principal tests in this activity are the
* overcore stress test and the biaxial elastic modulus test; the remaining tests provide
field and laboratory support data for those tests. The tests and the information
obtained are summarized in table 3.2-2. Table 3.2-1 shows how the information
- will be used to support the design, performance, and characterization needs.-

At all three levels, testing will be done in breakout rooms at least 8 m (two shaft -

diameters) from the shaft; to measure both the redistributed stresses around the
- excavations and the undisturbed ambient stresses, the tests will be done throughout
an interval extending from about 2 m to as much as 15 or 20 m (about four
breakout-room radii) from the breakout-room walls, At each of the three levels,
tests will be done in the sequence shown in table 3.24. First, three noncoplanar

loratory NQ holes will be cored to determine the best locations for the overcore
holes; the cores will be logied for lithology and fracture data, and core will be
selected and stored for rock-fabric analysis. In each exploratory borehole, the
borehole TV camera will be used to survey and record fractures, geophysical logs
may be run to identify rock conditions suitable for testing, and dilatometer tests will
be done to estimate the deformational properties of the rock mass. A combination
of data from the borehole inspection activities, core logs, geophysical logs, and
borehole dilatometer tests will be used to identify possible locations for perfonmn)§
the stress measurements. When suitable locations have been found, three pilot E
holes will be cored in increments of about 1 m, cga.ra.llcl to the NQ exploratory holes
and about 0.2-1 m from each NQ hole. For each pilot hole, the core will be logged
and the borescope used to survey fractures. (Dilatometer tests will 5:ncrally not be
done in the pilot holes, 50 as not to damage the rock to be overcored.) If the pilot
hole proves satisfactory, the USBM gauge will then be installed, and about three to
five overcore stress-determination tests will be done for each of the three pilot holes
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(fig. 3.2-2). For the overcore tests, an interval of about 0.6 m of the pilot hole
containing the USBM Fauge will be overcored, and the overcore specimen will be
removed; the biaxial elastic modulus test will be done, and samples will be selected
and stored for rock-fabric examination. At the base of the shaft, NQ (3-in.) holes
will be cored, dilatometer tests will be done, and about three or four low-volume
hydraulic-fracturing tests will be conducted in each hole to provide additional
confirmation to the overcoring results. :

Elastic anisotropy tests will be conducted on samples from oriented overcores as
well as on selected NQ (3-in.) cores as judged necessary to aid in the analysis of
field measurements and in interpretation of spatial variability of rock mass
properties that influence the stress distribution and measurements. (The theoretical
effects of fractures on in situ stresses are considered by Lemos and Brady [1983)). - .-

In order to evaluate microfractures as potential causes of anisotropy, oriented
thin sections will be taken parallel and perpendicular to the borehole axis from the
overcore specimens. Microfracture orientation and abundance will be determined
by standard universal-stage methods and compiled on appropriate diagrams for
comparison with overcore strains and biaxial moduli. - ~

For all the tests, data reduction will be done by standard methods (sec. 3.2.7).

3.2.2 Test methods

Standard methods defined in the references to this study plan will be used for all
tests in this activity (table 3.2-2). The tcchnicelasrocedures or the tests are shown
in table 3.2-S. Technical procedures will be available for review and approval
before testing is begun. Prior to ESF testing, protot)ﬁ]gveroore tests may be
performed in the G-tunnel at the Nevada Test Site. This experience in fractured
welded mf§ gngyl lead to worthwhile modification of some tests, for the reasons given
in section 2.2.2.1. |

3.2.3 QA level assignment

All tests for activity 8.3.1.15.2.1.2 have been assifned QALA ], as detailed in SIP-
6923G-01 and summarized in Appendix A of this plan.

-3.2.4 Required tolerances, accnrécy, and precision

Tentative goals for the accuracy of the design parameters to be derived from this
study are shown in SCP table 8.3.1.15-1. Preliminary testing in G-tunnel
(Zimmerman and Vollendorf, 1982) suggests that the actual measurements will vary
- considerably (i.e., 1.5 MPa) because of factors such as the variability of fracturing in
- the rock units in which the tests are made. Sections 2.2.3.3 and 2.2.3.4 address this
concern. Careful selection of locations and intervals for overcoring is expected to
reduce the variability of the stress measurements relative to those previously made
in G-tunnel. Tentative parameter goals for Issue 4.4 are that the magnitudes and
orientations of the stresses bave the expected values shown in section 3.2.5 with
medium confidence; for Issue 1.11, that the vertical stress be knownwithan
accuracy of =1 MPa with medium confidence and that the horizontal stresses be
known with an accura% of +2 MPa with medium or low confidence; for Issue 1.12,
that they be known with an accuracy of +2 MPa with low confidence.
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The accuracy of the stress determinations will depend on measurement error, on
the assumptions used in reducing the data, and on uncertainties due to variations in
the properties and conditions of the rock being tested. The measurement error will
be quantified by regular calibration of the instruments and other components
involved. Error introduced durini testing will be minimized, in part, g;following
the procedures developed for each test method. Uncertainties due to analytical
assumptions are discussed in section 3.2.8. ‘

3.2.5 Range of cxpcctcd results

Surface-based hydraulic fracturing data at Yucca Mountain (Stock and others,
1985) indicate that the minimum principal stress is nearly horizontal and trends .
N. 60° W. to N. 65° W,; its magnitude is somewhat less than the vertical Oggvity- S
induced stress. Near-surface stress values are.exspected to be slightly modified by ..
topographic effects, as discussed by Savage and Swolfs (1986) and Swolfsand =~ -
Savage &986). The maximum principal stress is expected to be nearly vertical and
approximately equal to the overburden pressure. d values of stresses and
mechanical properties, based on available data, are summarized in table 3.2-6.

Stresses are expected to be redistributed within a radius or two of mined
openings. In linear elasticity theory (Obert and others, 1960), stresses are increased
by about 20 percent within a&pronmatel one radius of a circular excavation
opening and by ilpercent with two radii (plane stress; hole in plate; uniaxial stress
field). The actual extent of such modifications will depend on the heterogeneity, - =~
nonlinearity, and inelasticity of the rock mass.

32.6 Equipment ,

All of the eQuipment to be used for the tests is conventional off-the-shelf
equipment comprising standard components (table 3.2-7).
3.2.7 Data-reduction techniques

Standard data-reduction techniques will be used for the tests, as specified by the
references shown below.

U.S. Bureau of Mines overcore stress determination tests: ISRM, 1987a; Swolfs
and Powers, 1985 '

Biaxial elastic modulus tests: Becker and Hooker, 1967
Dilatometer tests: Roctest, 1985; ISRM, 1987b
Hydraulic fracturing: ISRM, 1987a
These techniques of siress analysis assume plane stress (two dimensional) and a

linear elastic, homogeneous, isotropic medinm. If the rock is stro g6anisotropic,
the techniques described in section 2.2.1.4, in Becker and Hooker (1967), and 1n

~ Amadei (1983) will be used. If the rock is nonlinearly elastic, Aggson’s (1977)

procedures for analyzing nonlinearly elastic stress-relief overcores will be used.

The statistical uncertainty of the stress data will be calculated using a least- _
squares analysis suggested by Becker (1968). Classical statistical and geostatistical
methods will be used to the data from the support activities.
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Rock-fabric information will be plotted on histo; s and on equal-arca
stereonet diagrams. Television borehole fracture data will be obtained using the
algorithm method described by Mahtab and others ?973). These data will then be
analyzed using graphical and a:[a‘lli'ma.l approaches (e.g., plotted on equal-area
diagrams and compared with similarly plotted stress datafto assess the potential
effect of the fractures and rock fabric on the measured stresses. - I

3.2.8 Representativeness of results |

The data from this activity are e ed to be representative of the ambient state
of stress within the volume defined by the boreholes. Characterization of stress .
throughout the host rock will be based on further measurements in the ESFand - -
from the surface (notably, the anelastic strain-recovery experiments of activity 1 of .. -

 this study). Whether the measurements in this activity can be extrapolated with
confidence to the rock mass between test levels will depend on the consistency of
the results and on how well these results compare with other tests, such as
hﬁdrofracture tests. - The identification of geologic controls on stress variations will
also increase confidence in projections of stresses. Borehole dilatometer and
petrofabric data will provide supplemental information on whether the observed
;tags;)aﬁaﬁons can be correlated with small-scale rock properties. (See also sec.

In addition to the uncertainties intrinsic in the stress measurements themselves: =
(sec. 3.2.4), further uncertainties arise from the combined effects of excavation and
of (slpatial variation in rock properties. The petrofabric es, modulus tests, and
additional laboratory tests will establish how closely the rock approximates the
assumptions used in the analyses. While these tests will provide the basis for
identifying and quantifying the effects of most deviations from the assumed
pgoper;lies' and conditions, minor deviations may be noted but no correction made in

. the analysis. :

3.2.9 Relations to performance goals and confidence levels

This activity will contribute to the tentative goals associated with performance

- measures for design issues 1.11, 1.12, and 4.4, as outlined in section 1.2 and table
1-1 and as detailed in SCP tables 8.3.1.15-1, 8.3.2.24, 83.2.2-5, 8.33.2-1,
83.3.2-4, and 8.3.2.5-2. The tests of this activity are expected to provide the
confidence levels specified for in situ stress information in table 1-1, but additional
tests may be required if the conditions encountered result in a large number of

‘unsuccessful tests or if data variability exceeds specified confidence levels (these
levels may be changed as a result of changes in performance allocation).
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4 APPLICATION OF RESULTS

This section tells how the results of the study of ambient stress conditions will be
used in performance-assessment and design studies and in other characterization
studies. Section 1.2 describes how the results of the study will be used to measure
the predicted performance of the repository against tentative goals associated with
established performance measures for resolving performance and design issues.
Figure 1-2 shows the design issues and site-characterization programs that will use
information from this smg ' : ,

The study will support the thermal and mechanical rock properties program
(program 8.3.1.15), contributing directly to the resolution of issues 1.11, 1.12, and 4.4
and indirectly to the resolution of Issues 1.10 and 4.2. The characterization of
stresses in this study will contribute to geomechanical and thermal-mechanical
models of the Yucca Mountain site. These models are two of four oomgonents ofa
three-dimensional rock characteristics model of the site (SCP fig. 8.3.14-1). The
other two components are the geologic and geohydrologic models. The in situ stress
and the deformation and elastic moduli are the parameters addressed by this study.
These can be grouped together at a hiiher level as two site characterization
parameters, in situ stress state and rock mechanical &roperties. This structure of
information flow exists so that the data collected in the site characterization
activities making up this study (and the other studies in the preclosure rock -
characteristics programg can be traced upward to the geomechanical and thermal- -
mechanical models, and finally to the three-dimensional rock characteristics model.
This highest-level computer-based representation of rock mechanical properties at
the site can then provide input for performance assessment and dcsig computer
analyses of the repository involving hydrologic, thermal, thermomechanical, and
geomechanical processes. '

Information from this study will be used in the thermal and mechanical

properties program (Program 8.3.1.15) which includes the ambient stress and

temperature conditions in the rock mass. The ambient in situ stress state is required

input for numerous assessments of site performance and regository design including -
.room stability, worker safety, changes in rock mass permeability around openings, .

retrieval, seals, and waste package environment. The data are necessary boundary

conditions and input parameters in the numerical and empirical analyses supporting

resolution of the issues identified in section 1.2. . C

The ambient stress state determines, in part, the behavior of the rock mass when
changes (such as the creation of undelgound openings or the addition of heat)
occur in the system. The response to these changes includes movement of intact
blocks of rock, creation of new fractures, and changes in the condition of existing
fractures. The response of the rock mass influences the stability of the openings, the

%ungl support required, and the magnitude and extent of changes in the hydrologic
avior. , _ ,

4.1 Application to performance-assessment studies

The results of this study will not be used directly for any of the perfofmancé- '
~ assessment studies. _ ' ' :
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4.2 Application to design studies

The results of this study will be used for resolvin%dcsign issues 1.11, 1.12, and 4.4,
as discussed in section 1.2. The estimates of the ambient stress state will be used in
analytical and empirical models to assess the behavior of the rock mass to the
construction and operation of a nuclear waste repository. Preliminary models used
to develop the conceptual design of the repository are discussed in section 6.4 of the
- SCP and 1n the atﬂ)endiocs Site Charactenization Conceptual Design Report

(SCP-CDR). Models used to assess the changes in the hydrologic behavior in the
stress redistribution zones are discussed in section 8.4 of the SCP. .

43 'Application to characterization studies

The results of the overcore stress tests (Activity 83.1.15.2.1.2) may be used to
supplement in situ stress data collected in the excavation effects tests of Study
8.3.1.2.2.4 (unsaturated-zone percolation, exploratory shaft facility).

Some of the mechanical properties data from the study (e.g., deformation
modulus and elastic anisotropic moduli) may supplement the mechanical properties
data measured in Study 8.3.1.15.1.3 (the laboratory determination of mechanical
properties of intact rock). } '

In situ stress measurements from the study will support the shaft-convergence
activity (8.3.1.15.1.5.1) of the excavation investigations in theweifloratoxy shaft
(8.3.1.15.1.5). The in situ stress data from th;rresent study will help to define
initial and boundary conditions for mechanical and thermomechanical analyses of
the effects of shaft excavation. The stress data may also be used in the
demonstration breakout-room activity (8.3,1.15.1.5.2), to evaluate the deformations

“caused by repository-sized excavations in the welded tuff. Finally, stress data from
the studsy may be used as baseline data for the sequential drift-mining activity
(8.3.1.15.1.5.3), as a basis for evaluating changes in ambient stress caused by
sequential drift mining. :

Although not explicitly stated in the SCP, in situ stress data from the present
study could contribute to Study 8.3.1.17.4.8 (Stress field within and proximal to the
site area) and supplement the in situ stress data from borehole measurements in
Activity 8.3.1.17.4.8.1, thus contributing to the assessment of the vertical and lateral
~ variability of in situ stress at the site. \

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
Rev(0 January 6, 1989 S p.42
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-results o

§ SCHEDULE AND MILESTONES
5.1 Activity 8.3.1.152.1.1: Anelastic strain recovery experiments in core holes

The schedule and milestones for this activity will be described in subsequent
revisions of the study plan. :

Szﬁﬁcﬁiﬁw 8.3.1.15.2.12: Overcore stress experiments in the éxplo:_atory shaft
ty A o »

'5.2.1 Schedule for performing the tests

The schedule for performing the ambient stress tests described in this activity
depends on the duration of the various tasks and their interrelationship with the
construction activities and the execution of other studies. The estimated
completion time for performing stress measurememts in a breakout room is
approximately 35 days, assuming testing is performed two shifts per day.

5.2.2 Milestones for the tests

There are two milestones associated with this activity: the start of the overcore ' -

stress exgeriments in the upper breakout room; and com;:letion of the report on the
the testing. The milestones are tied to the ES-1 construction schedule as

illustrated in the figure below. The estimates are based on figure 8.5-1 in the SCP
and the level 2 schedule for the ES-1. The overcore stress riments begin shortly
after the upper breakout room is completed. Obviously any delay in the completion
of the upper breakout room will impact the milestones for the overcore stress
experiments. The milestones for other tests in the upper breakout room are also
shown. The milestone dates for the ES-1 construction have not been finalized at
this time and, therefore, no dates can be given for the overcore stress milestones. . -

’ CE o
Milestone A B DF G

Year : 1 2

A: M652 Start construction of exploratory shaft ES-1

B: M088 Complete excavation to upper breakout room

C: M089 Complete upper breakout room in ES-1

D: M688 Begin demonstration breakout room testing

E: M602 Begin overcore stress experiments in exploratory shaft
F: M882 Begin excavation effects test

G: M687 Complete report on overcore stress tests

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
Rev 0 January 6, 1989 : p-5-1
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Oesign parameters ¢
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b Y]
vq(..«g information from Study 8.3.1.‘5.2.1.- :

showing performsnce measures, sssociated goals and confidence tevels, and associated processes and functions

3
As,’(

Design perameter

Tentative goat of Performance goal

Heeded confidence - Performence Process function
requiring perforsance or measure
informetion from design parsmeter
INMY",
sve 1

Rintaum snd meximm
horizontasl stresses
in rock maes of

unseturated zone In

primery sres and
extensions °

ssve 1

Rintsnm end menfoum
horizontel stresses
in reck mass of
units TCw, TSw2,
snd CHnt .in primsry
orea ‘

. Accurste to 42rPa

Relative motion at
top of 15w1(2) <1 o
- WMo intect rock

© fatlure
- Wo continous
joint stip

Surface uplife
< 0.5 em/yr

" Boreholes that do
not lesd container
beyond Llimits -
imposed under [seve
9.10

fecurete to 22NPa Limit surface
waters entering
shaft te 1,700

w3 /yr trom 0 to 500
yr and 23,000 m3/yr
at the end of the
sealing period

Low

Righ

nigh

Potentlai for
significent
displacement -

Surface uplife

‘Stress,
deformation,
fector of sefety,
and potential
rockéall

Quantity of water

Limit deteteriovs
rock movement or .
preferred peathweys

Linit impuct on
surface
envirorment

Limit potentietl
for borehole
collapse’

Water entering the

upper portion of
the shaft or ramp

Design thermel
loeding, taking
inte eccount
performance:
ochjectives and
themomechenicel
response of host
roek

Ancheor - to-bedrock
plug/seal: reduce
amount of water
that could
potentially réach
waste dispesal
roaoms
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Destign parsmeter

Tentetive gosl of

Performence goal Needed confidence Performence Process function
requiring performance or measure
fnformation from design parsmeter
study(V ~
" " Reatrict flow Low Quantity of water Infiltration of General fill:
' surfece end reduce smount of
subsurfece waters water thet could
reaching base of potentiatly resch
shafts ‘ weste dinposet
roowms
" . Linit surfece and figh Quantity of water Vater pessege from Stetion plugs:
-subsurface waters bese of shaft to reduce amount of
from entering the waste emplacement water thet could
uvnderground . ' drifts potentiatly reech
focility to 1,000 waste emplacewent
-3171' from O to 500 rooms
yr and 14,000 w/yr
st end of sealing
period
bl . lo‘etﬂll to within Low Amount of fill Failure of rock Drife beckfill:
0.3 m of roof » mass sbove drifts reduce potentisl
for subsidence
- T ‘Control potentist  lLow Percentage of flow ' Preferential Cetfco Rills

for vertical flow
through boreholes
to 1% or less of
potential for
vertical flow
through entire rock
mass

ground water flow
through
repository, Catfico
nitls unit end
saturated zone

exploratory
berehole sesl:
reduce potentiat
for water-
transported
radiomucl ides to
be preferentiatly
transported
through borehotes
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‘Design pereweter

Tentative goel of

Performsnce goal leede_d confidence Performance Process Function
requiring perfermance or measure
informetion from design peremeter
nudy"’
ssve 4.4

Deformetion moduius .

in rock mess of
unit TSw2 in
prisery sres

Retlo of minimm
and menisum
horizontst stress
to verticsl stress,
erd besrings of
horfizontetl stresses
in rock mess of
onft 132 in
primary sres

11-19 cre

Nintmm horfzontatl
stress retfo 0.3-
0.8

Rentmm horizontst
stress ratio 0.3-
1.0

Sesring of minimum
fhorfzontel stress
between R 43 ¥ and
LN

Benring of wanimm
horizontat stress

" between ® 25 E and

n4oE

Accessweys and
drifts vesble for
100 yr

nigh

Ussble openings of
required size

Provides physicetl
properties
adequate for
construction and
operation of
stable (sefe)
underground
accesses, drifes,
esplacement
borehotes, ond
support jecitities
fer normal end
credible sbnormel
conditions
(subsurface system
elewent)
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"’ueﬂ'n parsmeters and n:oclned goals taken from SCP Table 8.3.1.15-1. Other lnfonatlon fron SCP Tables 8 3.2.2-4 and B.3.2.2-5 (for Issue 1.11),
8.3.3.2-1 and 8.3.3.2:4 (for l:ml 12),md83252(for Tssue £.4),

2)yey - Velded, devitrified Tiva Canyon; TSul - Lithophysal Topopah Sprlng- TSw2 - Wont ithophysat Topopah Spring, Chn1 - Callco Nilts esh flows, bedded
units, tufeceous beds. '




Table 3.2-1.~Information to be obtained from overcore stress activity (Activity
8.3.1.15.2.1.2) and how that information will be used S

Information to be obtained

 The maagnjtude (including the
standard deviation) and

orientation of the principal in

situ stress components at three

ESF levels (from the overcore -

stress tests)

The magm'fude and orientation of

the secondary principal stress
components normal to each
overcore test hole as a function
of distance from the excavation
(from the overcore stress tests)

- The deformation moduli of the
overcore samples and the
anisotropy of these deformation
moduli normal to the overcore
axis (from the biaxial elastic-
modulus tests) '

Estimates of the rock-mass
deformation modulus (from
each borehole dilatometer
measurement)

Description and tabulation of
fractures (from borehole
inspection

Elastic and mechanical ropertfes
data (from core tests

Estimated magnitude and
direction of least principal
stress (from low-volume
hydraulic fracturing
measurements)

The existence and magnitude of
heterogeneities in the rock mass

How the jnf ion vill 1

For repository design and for
stability evaluag%lxll of
excavations and engineeri
structures. To degﬁp: inirtligfand
boundary conditions for
mechanical and
thermomechanical analyses and -
models used in repository
performance assessment.

To estimate the boundaries of the
disturbed zone surrounding the
excavations and for excavation
design and stability analysis

To properly determine the in situ
stress state from the borehole
deformation data :

To assess spatial variation in rock- -
mass variability and relate it to
variability in stress data '

To aid in evaluating variability of
borehole deformation
measurements

To aid in evaluating rock-mass
variability

To verify the overcore results by
an independent method

To estimate the effect of rock-
mass heterogeneities on the
stress state ,

Study 8.3.1.15.2.1; Characterization of site ambient stress conditions
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- Table 3.2-2.~ ges of tests planned for overcore stress activity (Activity

83.1.152.12

Borehole inspeétion with TV
borehole cameraand -
- 'borescopes ~

- Borehole dilatometer tests

Overcore stress determination
tests -

Biaxial elastic modulus tests

Hydraulic fracturing

Rock-fabric analyses with
trographic microscope and
-stage -

Study 8.3.1.15.2.1: Cﬁaractérization of site ambient stress conditions

Rev( January 6, 1989

and types of information to be obtained from the tests

Type of information to be
pbtained from test

Fracture characteristics

Small-scale deformational
properties of the rock mass

Stress-relief borehole deformation

data

Defox:mation modulus of stress-
relief overcores ‘

Estimated magnitude and
direction of least principal
stress

Relation of rock fabric to stress
state and to anisotropy in
- deformation modulus

- p.T6



Table 3.2-3.--Location and number of tests planned for overcore stress activity (Actmty

8.3.1.15.2.1)
Test method Location Number of tests Total
“Overcoring 183 m (upper 5 tests perAboreholc : 15
breakout room) '
323 m (lower 5 tests per borehole 15
breakout room) :
355 m (bottom of " Stests pcf borehole 15
shaft) .
Hydraulic 355 m (bottom of 4 tests per borehole 12
fracturing shaft)
Biaxial pressure Same as overcoring Same as ovqrcoriﬁg 45
test
Borehole 183 m depth ~ Entire length of borehole 6
inspection . :
323 m depth Entire length of borchole 6
355 m depth Entire length of borehole 6
Core logging Sémc as borehole All core 18
inspection
Geophysical logging Same as borehole Entire length of 9
inspection exploratory (NQ) boreholes
Dilatometer Same as borchole " Entire length of 1270
inspection exploratory (NQ) boreholes
Rock fabric 183 m depth 3 per overcore sample 45
323 m depth 3 per overcore sample 45
355 m depth 3 per overcore sample - 45
1Assumes boreholes of maximum length (X) m)
Study 8.3.1.15.2.1: Charactenzatnon of site ambient stress oondmons
Rev0 January 6, 1989

p. T-7
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Table 3.24.--Sequence of tests for overcore stress activity (Acﬁvity. 83.1.152.12)

1.

TR

© © N o

Three noncoplanar NQ-diameter exploratory holes are cored; core is logged
for lithology and fracture data

. Borehole TV camera is used to survey and record fractures in exploratory

boreholes ,
Borehole dilatometer tests are conducted in acceptable boreholes
Core is selected and stored for petrographic (rock-fabric) analysis |

EX diameter hole is cored parallel to each acceptable exploratory borehole;
core is logged for lithology and fracture data '

Borescope is used to survey fractures in EX borehole

USBM gauge is installed and overcore test perfdrmed

Biaxial test is conducted on removed overcore specimen
Sémples are selected and stored for petrographic examination

10. Steps 5-9 are rcpeaied for each overcore hole
11. Near base of the shaft, hydraulic fracture tests are conducted at selected

intervals in NQ-diameter dilatometer holes following dilatometer testing -

' 12. Rock fabric analysis is performed

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
Rev0 January 6, 1989 : , p.T-8



- Table 3.2-5 -Methods and technical procedures for overcore stress actmty (Actwlty

83.1.15.2.1.2)
Technical procedure
 Method Number Ttk Date
Borehole drilling TBD! NQ, EX, and overcore TBD
coring : bole drilling '
TP-1 Procedure for diamond TBD
drilling boles for
instrumentation
Borehole video surveys GP-10, RO TBD
. TP-14 Procedure for iﬁspeaion TBD
of boreholes using borehole ‘ :
TV camera and borescope.
Borehole overcore TP-3 Overcore stress testing TBD
deformation -
' measurement
Installation and use _ TP-17 Procedure for installation TBD
of borehole dcformatxon and operation of borchole
gauges deformation gaunges
Ficld biaxial - TP TED | TBD
stress testing
Rock fabric TBD TBD TBD
analysis
Low-volume hydrofrac- TBD TBD . TBD
" turing stress measurements '
Borebole dilatometer TBD TBD TBD -
measurements :

 MBD = to be determined; proccdm will be in place at the appropnatc time and will be available to the NRC

30 to 60 days before start of work

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions

Rev0 January 6, 1989
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Table 3.2-6--Stresses and mechanical properties expected at Yucca Mouniain

Expected stresses
[Source: SCP table 6-10]

Parameter | Mean value | Range

Vertical stress (MPa) - ,
Upper breakout room s : 25t055
Lower breakout room ' 6.8 ’ » 40t09.5
Bottom of shaft : N 77 : 4510105

Minimum horizontal to - 05 - 03t008
vertical stress ratio , ;

Bearing of minimum . | N.STW. N.60 W.to N. 65 W.
horizontal stress ‘ o : ,

. Maximum horizontal to - _ 06 ‘ 03t01.0

vertical stress ratio -

Bearing of maximum N.33W. ' N.25E.toN.40E.
horizontal stress

Expcctcd incchani(:al properties (iptact rock)
[Source: SCP table 2-7]

Young’s Poisson’s Tensile
modulus ratio - strength
(GPa) . . (MPa)
Upper breakout 31,72 179 02507 211 £ 46
room (1)
Upper breakout 15532 . 0.16 £ 0.03 10
room (2)
Lowerbreakout -~ 304263 ' 024 £ 0.06 - 152
room and shaft
alcove

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions '
Rev (0 January 6, 1989 | p. T-10



Tablc 327 -Instrumentanon, eqmpment, and materials for overcore stress activity
(Actmty 83.1.15.2.12) -

Item ' | ‘ _ Quantity

1. Drill rig and equipment for EX, NQ, and 15.2-cm (6-in.) coring | 1

2. EX double tube swivel-type corc barrel " - o 2

3. 152-c- (6-in.-) diameter core birrcls and bits L - - 10

4. Instruments and tools to conduct overcore vbori:holc dchmaﬁm measurements » 1set
5. Threé-componcnt borehole dcfor;xation gaﬁgcs o | 3

6. EX and NQ borchole dilatometers | o © 3each
7. Low-volume hydraulic-fracturing system and accessory equipment 1

8. Borchole TV-camera system . : 1

Study 8.3.1.15.2.1: Charactcnzanon of site ambient stress condmons
Rev0 January 6, 1989 , p. T-11



APPENDIX A: QALA’S AND QA MATRIX

‘*\/ - The tests in this study have been assigned Quality Level I in accordance with
- procedure USGS QMP-3.02, as shown in table A-1. The test results may be used
in the license application, as indicated in section 1 of this study plan. Table A-2
shows the criteria from NQA-1 that apply to this study and the procedures and other
documents that satlsfy those criteria. o

Study 8.3.1.15.2.1: Charactenzauan of site ambnent stress conditions

Rev 0’ January 6, 1989 p. A-1



Table A-l.-Qualit"g assurance level assignnient sheets for overcore stress activity
(Activity 83.1.15.2.1.2) :

[Table follows~pp. A-3 and A-4]

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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Activity - Overcore Stress Tests

NW/ST-0ALA-69236-01-01, Ru

Page 1 of 2
Method -+ Stress Determination Using USBM Overcore Method
QA NOA-1 Criterin )
Rethod/i1tem Breakdown _Level Requirements® Justification of Level & OA Criterin Exceptions
Coring operations m Standard operating procedure; meets none of the attributes of Levels I & 11

WX (7.6 cm) and EX (3.8 cm)

15.2 em. dismeter overcore
dritling operations

Borehole TV fraeture togging

on the logic disgrem,

1 1.2,3,4,5,6,7,8 Meets step No, & of the OA Level Checklist wherein this item is the first

10,12,13,15,16, step in providing data to evaluate stress. The item will be conducted

17,18 under direction of USGS scientist {n charge snd according to written pro-
cedure.  Criteria excluded: 9 - not a special process; 11 - no tests or
research involved; 14 - not part of the USGS OA Program,

] 1,2,3,4,5,6,7,8, Neets ntep No. 5 of the OA Level Checklist wherein this item provides
10,12,13,15,16, fracture data for efficient test plamning and execution, end witl be
17,18 utilized during data analysis to evaluate slternative interpretations.

Criterin excluded: 9 - not a special process; 11 - no tests or research
irwotved; 14 - not pert of the USGS GA Program,

*LEGEND OF 18 OA CRITERIA of NOA-1 as incorporsted in MVD-196-17

1 ORGANIZATION 7 CONTROL OF PURCHASED NAT'L, EUIPMENT, SERVICES 13 NANDLING, STORAGE & SWIPPING
2 oA PROGRAN 8 10 & CONTROL OF MATERIALS, PARTS & SANPLES 14 INSPECTION, TEST, & OP. STATUS
3 DESICN & SITE INVESTICATION CONTROL  © COMTROL OF SPECIAL PROCESSES 15 COMTROL OF NONCONFORMING |TEWS
& PROCUREWENT DOCUMENT CONTROL 10 INSPECTION (SURVEILLANCE) 16 CORRECTIVE ACTION
S INSTRUCTIONS, PROCEDURES & DRAVINGS 11 TEST & EXPERINENT/RESEARCH CONTROL 17 QA RECORDS
6 DOCUNENT CONTROL 12 CONTROL OF WEASURING & TEST EOUIPMENT 18 ADITS
APPROVALS
o7 i /-‘4 ZZ}QZ&,Z M”mﬂ 2/1/47 £y
ortbtetorV Date  Ouatity Assurance Manager Date  Chief, firench of HwwS! Date
(F. Lee)

O B L

(4. Witlmon) (A. Wondy, for L. Mayes)

ro/6> ',MWMJ w/rs[ 17

10-30-87

W0 Guat itf/Arsurence

Bate PO Yechnical Date

Effective Date
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3. unconfined compression for
elastic modulus

4. petrographic rock-fabric
studies

Activity - Overcore Stress Tests Page 2 of 2
Method - Stress Determination Using USBM Overcore Method
oA MOA-1 Criteris
Method/item Breakdown tevel Requirements® Justification of Level & OA Criteria Exceptions
Borehole ditatometer 1 1,2,3,4,5,6,7, Meets step No. 4 of the 0A Level Checklist wherein this item produces data
measurements 10,12,13,15,16, to aid in evaluating alternative interpretations regarding varisbility in
' 17,18 field stress messurements. Criteria excluded: 8 - no samples required;
9 - not a special process; 11 - no tests or research involved; 14 - not
pert of the USGS OA Program.
Overcoring borehole 1 1,2,3,4,5,6,7, Meets step No. 5 of the OA Level Checklist wherein this item provides the
deformation measurements 10,12,13,15,16, fundsmental field data for determination of in-situ stress. Criteria
) 17,18 excluded: 8 - no samples required; © - not a special process; 11 - no
tests or research involved; 14 - not part of the USGS OA Program,
Aiaxisl loading tests of 1 1,2,3,4,5,6,7,8, Neets step No. & of the OA Level Checklist wherein this item is an impor-
" overcore samples 10,12,13,15,16, tant step providing test results required to convert borehole deformation
17,18 data to stress values, Criteria excluded: 9 - not e special process; 11 -
no tests or research involved; 14 - not part of the USGS @A Program,
Overcore semple identifi- ' 1,2,3,4,5,6,7,8, Meets step No. & of the 0A Level Checklist wherein this item is an impor-
cation, marking, and storage 10,12,13,15,16, tant step providing core identification and marking directly affecting
o 17,18 subsequent testing end data snalysis. Criteria excluded: 9 - not a
special process; 11 - no tests or research involved; 14 - not part of the
USGS OA Program, ‘
. ’ :
Low-volume hydraut ic- | 1.2,3,4,5,6,7, Meets step No. 5 of the OA Level Checklist wherein this item provides an
fracturing measurements 10,12,13,15,16, alternate method of estimating in-situ stress and confirming overcore
17,18 results. Criteria excluded: 8 - no seeples required; ¢ - not a special
process; 11 - no tests or research involved; 14 - not part of the USGS OA
Program. '
Core inden tests ] 1,2,3,4,5,6,7, Meets step No. 4 of the OA Level Checklist wherein this item produces data
1. indirect tensile strength 10,12,13,15,16, to aid in evaluating alternative interpretations regarding variability in
2. direct compressive strength 17,18 field stress measurements. Criteria encluded: 8 - no samples required; .

9 - not a special process; 11 - no tests or research inyolved: 14 - not
part of the USGS OA Program, ' :

¢




Table.%-Z‘.i#Applicable NQA-1 criteria for Study 8.3.1.15.2.1 and how they will be
satisfie -

NQA-1 criteria Documents that saﬁsfy those criteria

1. Organization and interfaces - The organization of the OCRWM program
is described in the Mission Plan :
E/RW-005, June 1985) and further
escribed in section 8.6 of the SCP.
Organization of the USGS-YMP is
described in the following:

QMP-1.01 (Organization Procedure)

2. Quality assurance program The Quality Assurance Programs for the
' OCR are described in YMP-QA
Plan-88-9 and OGR /83, for the Project
Office and HQ respectively. The USGS
QA Program is described in the following:

QMP-2.01 (M ement Assessment of
the YMP- SGagaguality Assurance
Program)

. QMP-2.02 (Personnel Qualification and
Training Program) -

QMP-2.05 (Qualification of Audit and
Surveillance Personnel)

QMP-2.06 (Control of Readiness Review)

QMP-2.07 (Development and Conduct of
Training) -
Each of these QA programs contains Quality
‘Ijm lemetxiting ocedures further An
efini e program requirements. An
overall descr‘x?ation of the QA Program for

site characterization activities is described
in section 8.6 of the SCP.

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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‘Study

3. Scientific investigation control
and design

4, Administrative operations and
procurement

Rev 0 January 6, 1989

8.3.1.15.2.1; Characterizatiqn of site ambient stress o_onditions

This study is a scientific investigation. The

following QA implementing procedures
apply: o ‘

QMP-3.02 (USGS QA Levels Assignment
[QALA))

" QMP-3.03 (Scientific and Engineering

Software)

QMP-3.04 (Technical Review of YMP-
USGS Publications)

QMP-3.05 (Work Reg_lest for NTS
Contractor Services (Criteria Letter))

QMP-3.06 (Scientific Investigation Plan)
QMP-3.07 (Technical Review Procedure)
QMP-3.09 (Preparation of Draft Study
Plans) ' :

QMP-3.10 (Close-out Verification for
Scientific Investigations) '
QMP-3.11 (Peer Review)

QMP-4.01 (Procurement Document
Control) '

QMP-4.02 (Acquisition of Internal
Services)

p. A6



S. Instructions, procedures, plans,
and drawings

o

6. Document control

7. Control of purchased items and
services '

\__ 8. Identification and control of
~ items, samples, and data

9. Control of processes
10. Inspection

11, Test control

'12. Control of measuring and test

equipment

13. Handling, shipping, and
storage

14. Inspection, test, and operating
status

15. Control of nonconforming
items :

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions

Rev0 January 6, 1989

The activities in this study are performed

according to the technical procedures
listed in section 3.2 of this study plan, and
the QA administrative procedures
referenced in this table for criterion 3

QMP-5.01 (Preparation of Technical
Procedures) =

- QMP-5.02 (Pre aration and Control of

Drawings and Sketches) »_
QMP-5.03 (Developn{eni and

Maintenance of M ement
Procedures) e

QMP-5.04 g’re aration and Control of
the USGS QA Program Plan)

QMP-5.05 (Preparation and Issuance of
Tentative Technical Procedures
(Replaces QMP-11.01))

QMP-6.01 (Document Control)

QMP-7.01 (Supplier Evaluation, Selection
and Control) . ‘

QMP-8.01 (Identification and Control of
Samples) -

QMP-8.03 (Control of Data)

Not applicable

Not applicable

Not applicable

QMP-12.01 (Instrument Calibration)
Ut 120 g e
Not applicable

QMP-15.01 (Control of Nonconforming
Items)

p.IA-7
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16. Corrective action

17. Recordsrmanagement

18. Audits

QMP-16.01 (Control for Correctw:
Action Reports)

QMP-16 02 (Control of Stop-Work
Orders)

QMP-16.03 (Trend Analysis)

QMP-17.01 (YMP-USGS Records
Management)

QMP-17.02 (Acceptance of Data Not
Developed Under th‘e YMP QA Pilan)

QMP-18.01 (Andits)
QMP-18.02 (Surveillance)

Study 8.3.1.15.2.1: Characterization of site ambient stress conditions
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