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ABSTRACT

This study plan describes the plans for five site-characterization
activities to be performed in and adjacent to the Yucca Mountain exploratory
shafts during their construction. These activities will contribute to an
understanding of the in situ hydrologic characteristics of the unsaturated
zone, provide an understanding of the impacts of shaft construction on the in
situ characteristics, and provide hydrologic-parameter input for the
resolution design and performance issues. The activities include:

o Radial-borehole tests,

o Excavation-effects test,

o Perched-water test,

o Hydrochemistry tests, and

] Multipurpose-borehole tests.

Plans for five additional activities will be included in a subsequent
revision of the study plan. The plans for in situ hydrologic testing in the
main test level of the exploratory-shaft facility (ESF) include: :

o Intact-fracture test,

o Percolation test,

o Bulk-permeability tests,

o Calico Hills test, and

° Hydrologic properties of major faults.

The rationale of the overall unsaturated-zone ESF study is described in
Sections 1 (regulatory rationale) and 2 (technical rationale). Section 3
describes the specific activity plans, including the tests and analyses to be
performed, the selected and alternate methods considered, and the technical

procedures to be used. Section 4 summarizes the application of the study
results and Section 5 presents the schedules and associated milestones.

January 3, 198¢
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3.5 Excavation-effects test
3.5.1 Objectives of activity

The objective of this activity is to estimate the magnitude and
extent of the modification to the Topopah Spring welded unit (TSw)
. properties caused by the excavation and lining of the shaft.

3.5.2 Rationale for activityvselection

The activity is designed to estimate the effects of excavating and
lining the shaft on the hydrologic properties of the TSw and to
measure any changes. Results of this test are needed to evaluate
errors that might be introduced by these effects in the results of
other ESF hydrologic tests.

Excavation in fractured rocks can significantly alter the

hvdrologic properties of the rock near an underground opening

- (Montazer, 1982). These changes are a concern for the following
reasons. Modification of the hydrologic properties, such as
permeability, may alter existing pathways or introduce new pathways
for gaseous and water flow. The travel time of water and gases along
these changed or new pathways may be significantly different from
those along natural pathways. If travel time is significantly
changed, then the effects of excavation will have to be considered
during other hydrologic tests.

The magnitude of changes in permeability, effective porosity, and
saturation depends on the in situ stress tensors and fracture
orientation around the shaft. Permesbility may increase or decrease,
depending on the orientation of the excavation with respect to .
fractures and to in situ stress. Most fracture sets in the TSw are
steeply dipping (70° to 85° to the northwest); therefore, ES-1 will
intersect these fractures at very small angles. With gravity loading,
excavation may open some fractures and close others, depending on
whether fracture planes are tangential or radial to the shaft. This
deformation of fractures will alter fracture permeability and
porosity. 1In addition, deformation of fracture apertures may
significantly change saturation within the fractures, so that some
fractures attain larger water saturation. Increased saturation will
correspond to closing the fractures; therefore, although the closing
results in decreased saturated permeability, the corresponding
increased saturation also increases the fracture’'s relative
permeability to water. This complex relation may be evaluated only by
monitoring fracture deformation, saturation, stress changes, and
permeability during shaft construction.

The effects of excavation also need to be evaluated to determine
how they affect the reliability of the findings of other hydrologic
- tests. Data from the radial-borehole (Section 3.4), percolation
(Section 3.2), and bulk-permeability (Section 3.3) tests are
influenced by hyvdrologic properties of the rock around openings
constructed to conduct the tests. Tests are therefore needed to
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determine the significance of these effects and to develop procedures
to correct for errors that might be introduced by modification of the
rock hydrologic properties near these openings.

Lining the shaft may partly reverse the changes caused by its
excavation. If this proves to be the case, expensive remedial
grouting operations may not be necessary during repository closure.
Emplacement of the lining may also alter the results obtained from the
radial-borehole tests. Although the radial-borehole tests are
designed to evaluate this effect, the excavation-effects test will
provide data in a direction that the radial boreholes cannot provide
because of their orientation.

Combining the results of this test with those from the radial-
borehole and bulk-permeability tests will enable evaluation of the
variation of the excavation effects on hydrologic properties with
orientation of the opening. The radial-borehole tests also are
designed to evaluate the effect of excavation on nonwelded tuff, which
has smaller fracture frequency and different mechanical constitutive
properties.

Evaluation of the state of stress, in addition to other purposes
outlined in the geomechanical tests, is needed to interpret the
results of this test and to provide predictive and extrapolation
capabilities. 1In addition, this test will provide fracture-
deformation values at various distances from the shaft and at several
levels. Based on the mechanical properties of the rock, stress
deformation, and fracture deformation, data will then be used to model
the test and calculate affected hydrologic parameters, thereby
providing a method for extrapolating the results to other parts of the
repository under different stress conditions.

The excavation-effects test is not intended to be representative
of the repository block. The purpose of the test is to quantify the
effects of excavation and lining of the shaft in the TSw in the
immediate vicinity of the shaft. The results of this test are needed
to correct errors that might be introduced by excavating and lining in
the data of other ESF hydrologic tests. In other words, the
excavation-effects test will insure that other ESF hydrologic tests
are representative of the repository area.

Because the ES-1 has not been constructed at Yucca Mountain.
geologic and hydrologic prototype testing will be conducted at G-
tunnel in Rainier Mesa, which is located at the Nevada Test Site about
60 k (40 mi) from Mercury, Nevada. An instrumentation and monitoring
method will be developed in this prototype test to evaluate the
changes in fractured rock permeability that could be attributed to
measurable changes in in situ stresses around an underground opening.
The redistribution of the original ground stress field is due mainly
to the opening. Based on this prototype test, an instrumentation and
monitoring design will be selected for the excavation-effects test in
the exploratory shaft. Established procedures will minimize shaft

3.5-2 ‘ January . 1G89
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construction delays and provide quality-assdred data in the licensing
process.

3.5.3 General approach and summary of tests and analyses

The effects of excavating and lining ES-1 will be evaluated by a
comparison of air permeability, deformation, stress changes, and water
content measured before and after the shaft is excavated and lined.
These tests will be conducted in 12 vertical and 6 inclined holes
drilled in radial arrangement in the floors of each of the 2 breakout
rooms, the upper and the lower. Neutron logs will be used to measure
the water content. Permeability and stress changes will be measured
in the 12 vertical boreholes. The six inclined boreholes wi” " be used
to measure axial deformation using borehole extensometers. .. coupled
hydrologic-mechanical model will be used to analyze the results.

Figure 3.5-1 summarizes the organization of the excavation-
effects test. A descriptive heading for each test and analysis
appears in the shadowed boxes of the second and fourth rows. Below
each test/analysis are the individual methods that will be utilized
during testing. Cross-reference to other study plans which provide
input to the excavation-effects test also appear in Figure 3.5.1.
Figure 3.5.2 summarizes the objectives of the ectivity, design- and
performance-parameter categories which are addressed by the activity,
and the site parameters measured during testing. These appear in the
boxes in the top left side, top right side, and below the shadowed
test/analysis boxes, respectively, in Figure 3.5-2.

The two figures summarize the overall structure of the planned
activity Iin terms of methods to be employed and measurements to be
made. The descriptions of the following sections are organized on the
basis of these charts. Methodology 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.

The conceptual design of this test is based on the assumption that
excavation of ES-1 would cause fractures to open or close at various
locations near the shaft.. This opening or closure would modify the
hydrologic properties and conditions of the rock, which would be
detectable by measurements made &t various times during shaft
construction. The orientation of the fractures in relation to the
shaft will determine whether they would open or close. Previous
research (Montazer, 1982) provides some basis for predicting the
expected changes. Saturated fractures that are parallel to the long
axis of the opening (but not radial from this axis), therefore, would
open due to the stress relaxation in the radial direction. Fractures
perpendicular to this axis, however, would close because of
redistribution of the stress in the axial direction. The permeability
of individual fractures could double, quadruple, or lessen
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correspondingly, which may change overall rock permeability bv one to

two orders of magnitude. /
Changes due to excavation are more complicated in unsaturated

fractures. Increased permeability to air when a fracture is opened

may correspond to a decrease in its permeability to water. The

complex relation between fracture deformation and redistribution of

saturation of both fluids could increase air permeability and decrease

water permeability. Such relations are poorly understood and will be

investigated as part of the intact-fracture test (Section 3.1).

The excavation-effects test will be conducted from the two
breakouts at 158-m and 311l-m (520- and 1,020-£ft) depths. The two
levels were selected to evaluate the effects at two different stress
conditions and rock properties. If the measured changes match those
calculated using the model in the two breakout rooms by using measured
material properties from the two locations, then the model will be
used to predict changes around other openings within the repository.

After each breakout is completed, six vertical boreholes, 76 mm (3
in.) in diameter, will be diamond-bit drilled with air for
permeability measurements. These boreholes will be between 15.2 and
30.5 m (S0 and 100 ft) deep, depending on' the straightness of the
boreholes. Maximum deviation of 1 unit per 100 units of length is
acceptable. Tentative distances of the boreholes from the shaft wall
will be approximately 1.4, 2.8, and 4.3 m (4.7, 9.3, and 14 ft).

These distances were chosen because the stress redistribution, and
hence permeability changes, around circular openings is mostly N4
effective within two radii. The stress changes beyond two radii are
expected to be so small that reliable measurements with existing in
situ stress-measuring devices will be very difficult. Ambient-
permeability estimates beyond the two-radii zone will be evaluated in
the radial-borehole tests (Section 3.4). The preliminary location of
the vertical boreholes is shown in Figure 3.5-3. 1If the breakout-
room construction allows, the permeability boreholes will be drilled
at an angle toward the shaft. Such a scheme will allow these holes to
intersect more fractures because the majority of the fractures dip at
high angles.

Another set of six vertical holes will be drilled at the same
distances (1.4, 2.8, and 4.3 m (4.7, 9.3, and 14 ft]) away from the
shaft wall for installation of borehole-stress meters and/or pressure
cells to measure the changes in stresses. These stress-relief
boreholes will be between 38 and 76 mm (1.5 to 3 in.) in diameter,
depending on the tvpe of stress-measuring instruments, and as deep as
the permeability boreholes.

The third set of six holes will be diamond-bit drilled with air
and will be 76 mm (3 in.) in diameter and inclined toward the shaft at
45 degrees as shown in Figure 3.5-3. The preliminary distances of
these boreholes from the shaft wall are 5, 10, and 15 m (16.4, 33, and
49 ft). These boreholes will be instrumented with extensometers to
measure the axial deformation.

3.5-6 January 3. 1989
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The stress disturbance caused by the drill holes is expected to be
very small compared to disturbance that will be caused by shaft
excavation. This is based on the theory of elasticity where most of
the stress redistribution takes place within two radii (one diameter)
of a circular opening. Since the largest borehole is approximately 6
in. (150 mm) in diameter, the disturbed zone around such a borehole is
not expected to extend farther than approximately 6 in. (150 mm) from
the borehole wall. The surrounding rock is anticipated to remain in
the elastic range during the stress-redistribution process. This
behavior will be verified during prototype testing.

The stress-relief boreholes will be instrumented after they are
logged for fractures with a video camera. Stress-measuring gages will
be installed at S-m (16.4-ft) intervals in these boreholes to measure
the stress in at least two perpendicular directions (Figure 3.5-4).
These gages will be permanently cemented inside the boreholes and
monitored during excavation of the shaft and placement of the lining.

The permeability boreholes will be logged with geophysical equip-
ment and tested for permeability with packer air-injection techniques
before excavation of the shaft below the breakout level and after
every two rounds of excavation until changes in permeability are no
longer detected. Various stages of the shaft excavation, during which
these tests will be conducted, are shown in Figure 3.5-5. The ’
permeability boreholes will be completed in a manner similar to that
of the radial boreholes (Section 3.4) for long-term monitoring.

Instruments for measuring permeability will be constructed and
tested in conjunction with the testing of the infiltration and radial-
boreholes prototype tests. The type of instrument to be used for
measuring stress changes will be determined from the excavation-
effects prototype test.

The extensometer boreholes will be logged with a borehole
deviatometer and a video camera to determine the setting depths of the
extensometer anchors. Five to six setting depths in each borehole
will be chosen.

3.5.3.1 Borehole drilling and coring

The upper breakout room will be excavated immediately prior to
initiation of work on this activity (see Figure 3.5-5). The
tentative borehole locations are shown in Figure 3.5-3 and
described in Section 3.5.3. The final locations will be based on
fracture data from shaft-wall mapping (8.3.1.4.2.2.4, ESF geologic
mapping). A random drilling scheme will not be used because a
limited number of boreholes will be drilled. A limited number of
boreholes may not have a uniform distribution of boreholes within
the area proximate to the shaft. The issue of wet versus dry
drilling and coring is still being reviewed at this time. The-
same test is repeated in the lower breakout room. Table 3.5-1 in
Section 3.5.3.8 presents the different methods associated with
this activity.

3.5-8 January 3, 1989
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Figure 3.5-5. Stages of the excavation-effects test: (1) excavation of breakout room,
(2) vertical borehole driiling, (3) excavation of shelf. and (4) lining of the shaft and

continuing excavation.
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3.5.3.2 Boreholé-deviation survey

Under the supervision of the USGS, the logging contractor will
log all permeability, stress, and strain boreholes using a
deviatometer. This is essential for the analyses stage of this
test where the location of the instruments, installed later,
relative to the shaft is required. The line-of-sight method will
be used for boreholes that appear to be straight and vertical.

3.5.3.3 Borehole fracture logging

Under the supervision of the USGS, the logging contractor will
log all permeability, stress, and strain boreholes using a
television camera. USGS personnel will log the cores of the same
boreholes for sections that cannot be viewed clearly with the
television camera. This is required in order to determine the
setting depths of the different instruments needed for this test
and for updating the shaft-wall fracture map which is required for
the modeling stage. The television log is preferred over the
core-logging method where wall smoothness can be observed.
Additionally, some of the fractures seen on cores may be induced
by drilling rather than being natural fractures.

3.5.3.4 Borehole geophysical surveys

Under the supervision of the USGS, the logging contractor will
log all permeability, stress, and strain boreholes using neutron-
moisture, porosity (epithermal neutron), and gamma-gamma toodls.
Borehole geophysical surveys are described in borehole geophysical
surveys, Activity 8.3.1.4.2.1.3, in Study Plan 8.3.1.4.2.1.. These
parameters will be needed for the modeling stage of this test.
Laboratory methods will be used to determine more accurate
estimates for porosity and density, if required. Laboratory
determination of water content in cores will not be used because
it requires special core drilling and storage procedures.

3.5.3.5 Packer air-injection tests

Based on the television log, the setting depths of the packers
will be determined. This is done in order to monitor fracture
permeability in the permeability boreholes. Permeability will be
measured after the boreholes are completed and after every two
rounds of excavation. This will continue until the shaft is
excavated past the deepest permeability borehole or until
significant changes in permeability are no longer detectable. The
testing methods are described in Sections 3.4.3.7 and 3.4.3.10, in
situ pneumatic and cross-hole testing.

3.5.3.6 Borehole instrumentation and monitoring
Boreholes for monitoring stress and strains will be drilled

and instrumented after the completion of the breakout rooms.
Stress changes and axial borehole deformation are required for the

3.5-11 Januarv 3. 1989
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modeling stage of this test. The type of stress-measuring
instrument will be identified following the excavation-effects
prototype test in G-tunnel. The U.S. Bureau of Mines gage cannot
be utilized to measure stress for this study because this type of
gage is not fixed to the borehole walls, and blasting vibrations
will affect the readings. Borehole extensometers will be utilized
to monitor axial deformation (strain) in the angled boreholes
(Figure 3.5-3).  All instruments will be connected to a data-
acquisition system for continuous monitoring.

3.5.3.7 Excavation-effects test modeling

Fracture data (statistical and mechanical parameters)
permeability profiles, stress and deformation data, and rock
properties will be utilized to calibrate linked hvdrologic and
mechanical models to predict permeability changes around different
underground openings in the repository rock. This model will be
developed by the USGS by modifying existing structural and
hydrologic analyses computer codes during the excavation-effects
prototype test in G-tunnel. The structural analysis code that
will be used is the ADINA (Bathe, 1978) code, which is a
structural-analysis finite element for automatic incremental
nonlinear analysis. The hydrologic analysis code is the UNSAT2
(Davis and Neuman, 1983) which is a finite-element, variably
saturated flow model.

3.5.3.8 Methods summary

The parameters to be determined by the tests and analyses
described in the above sections are summarized in Table 3.5-1.
Also listed are the selected and alternate methods for determining
the parameters and the current estimate of the parameter-value
range. The alternate methods will be utilized only if the primary
(selected) method is impractical to measure the parameter(s) of
interest. 1In some cases, there are many approaches to conducting
the test. In those cases, only the most common methods are
included in the tables. The selected methods in Table 3.5-1 were
chosen whelly 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-characterization parameter. Models and
analytical techniques have been or will be developed to be

‘consistent with test results. The expected ranges of the site-

characterization parameter have been bracketed by previous data
collection and computer modeling and are shown in Table 3.5-1.

.4 Technical procedures and quality-assurance levels

The USGS quality-assurance program plan for the YMP (USGS, 1986)

requires assignment, justification, and documentation of quality

‘O
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O
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levels to activities that affect quality; and documentation of
technical procedures for all technical activities that require quality
assurance.

Table 3.5-2 provides a complete tabulation of quality-assurance
level-assignment (YMP-QALA-) numbers and technical procedures
applicable to this activity. Approved procedures are identified with
a USGS number and a procedure effective date. Procedures that require
preparation do not have procedure numbers.

Procedures that are identified as "needed" in the table will be
completed and available 30 days (for standard procedures) or 60 days
(for non-standard procedures) before the associated testing is
started. Many of the needed technical procedures depend on the
results of ongoing prototype testing and cannot be completed until
work is done.

Applicable quality-assurance procedures are presented in Appendix
7.1. Completed quality-assurance level assignments are presented in
Appendix 7.2.

Equipment requirements and instrument calibration are described in:
the technical procedures. Lists of equipment and stepwise 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.

3.5-13 ' January 3, 1989
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Table 3.5-1. Summary of tests and methods for the excavation-effscts test
(SCP 8.3.1.2.2.4.5) in the exploratory shaft for the Topopah Spring weided unit
[Note: Dashes (--) indicate information is not available and to be determined.]

Methods (selected and alternate) Site-characterization Expected range
parameter

Borehole fracture loaging

Borehole television survey for locating Fracture aperture .-
setting depths of instruments
(selected)

" fracture distribution .-

Fracture orientation .-

Oriented-core for locating setting depths of Fracture distribution .-

instruments
(alternate)
" Fracture orientation" .-
“ Fracture roughness ==
Borehole geophysical surveys
Neutron logging to estimate water content Moisture content, in situ 0-100%
{sslected) degree of saturation
Laboratory determination of water content " "
from cores
(alternate)
Porosity (epithermal neutron) logging to Porosity 0-65%
estimate in situ porosity
(selected)

Laboratory cetermination of porosity " "
(alternate)

Gamma-gamma (density) logging Density 0.8-2.6 gm/cm3
(selected)

Density determination from laboratory " o
measurements
(alternate)

[We]

wn
'

P

—
QO
oo
0

&

T mgmer = goae 4
cancaryv 2,



YMP-USGS-SP 8.3.1.2.2.4, RO

Table 3.5-1. Summary of tests snd methods for the excavation-effects test

(SCP B.3.1.2.2.4.5) in the exploratory shaft for the Topopah Spring weided unit--Continued
Methods (selected and siternate) Site-characterization Expected range
: parsmeter

Packer sir-injection tests

Cross-hole pneumatic and hydrologic tests Air permeability profiles .-
(selected)

Borehole instrumentation and monitoring

In situ measurements of stress, using In situ stress, magnitude anc --
borehole stress meters or borehole pressure orientation

cells ‘

(selected)

In situ measurements of stress, using U.S. " .e
Bureau of Mines gauge

(alternate)

Measurement of longitudinal defermation Fracture deformation .-
using borehele extensometers
{selected)

Excavation-effects test modeling

Test using numerical hydrologic-mechanical Air permeability profiles .-
model
(selected)

3.5-15 January 3,
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Table 3.5-2. Technical orocedures and ggality_-aésurance level assionments for
excavation-effects test (8.3.1.2.2.4.5)
{Dashes (--) indicate information is not available and to be determined. OQuality-assurance
level-assignment mumbers are listad with the test/analysis titie.)
Technical procedure Technical procedure Effective
nutber (NWM-USGS-) date
Borehole drilling and coring
NNWS1-CQALA-6922G-01-08, RO
WP-12,R3 Method for collection, processing, and handling of drill 06/08/88
cuttings and core from unsaturated-zone boreholes at the
well site, NTS
KpP-38,R0 Method for measuring humidity, pressure, and temperature of 1n prep.
intake and exhaust air during vacuum dritling
Needed Drilling and coring (REECO) -
Needed Borehole logging in the exploratory shaft and drifts .-
Borehole-deviation surveys
NNWSI-QALA-6922G-01-08, RO
Needed Borehole devistion surveys .-
Needed Oriented core logging .-
Borehole fracture {ogqing
NNWSI-0ALA-6922G-01-08, RO
GP-10,R0 Borenole video fracture logging 04712785
Nesded Borehole fracture logging .-
Borehole geophysical surveys
NNWSI-QALA-6922G-01-08, RO
Needed Gamma-gamma meter calibration --
Needed Porosity meter calibration .-
1.5-16 Januart _3EC
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Table 3.5-2. Jechnical procedures and quality-as:...nce (evel assignments for

excavation-effects test (8.3.1.2.2.4.5)--Continued

Technicsl procedure Technicsl procedure Effective
number (NWM-USGS-) date
Sorenole geophysical surveys
NNWS1-QALA-6922G-01-08, RO
Needed Porosity meter operation . .-
Néeded Method for measuring in situ poresity, using porosity .-
(epithermal neutron) logs
Needed Method for 'measuring in gitu density, using gamma-gamma logs .-
HP-62,R4 Nethod for measuring subsurface moisture content, using & 11/02/88
neutron moisture meter
Packer sir-injection tests
NNWS]-0ALA-6922G-01-09, RO
KP=-14,R1 Method for calibrating Peltier-type thermocoupie 07/09/84
psychrometers for messuring water potential of partially
saturated medis '
WP-15,R2 Method for calibrating heat-dissipation sensors for ' 07/09/84
messuring in situ matric potential within porous media
HP-17,R0 Method of calibration and testing for operation of pressure 08/14/84
transducers for air-permesbility studies in the unsaturated
zone
HP-18,R0 Freguency of equipment calibration for unssturated-zcne 07/20/84
testing, Nevada Test Site
KP-19,R0 Method for identification, trsnspert, and handling of 07/20/84
instrumentation psckages and equipment for field testing in
the unsatursted zone et NTS
Needed Method for calibrating gas-flow meters .-
Needed Method for calibrating thermococuples ’ .-
Needed Method for construction ¢f air-injection packer system and .

sir-lesk detection
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Table 3.5-2. TYechnical procedures and quality-assurance level assignments for

excavation-effects test (8.3.1.2.2.4.5)--Continued
Technical procedure Technical procedure Effective
nunber (NWM-USGS-) date
Packer air-injection tests
NNWSI-QALA-6922G-01-09, RO
Needed Method for operation of packer air-injection string .-
Needed Method for calibrating temperature sensors .-
Borehole instrumentation and monitoring
NNWS]-QALA~6922G-01-10, RO
GPP-04,R0 In situ stress investigations . 06/27/83
KP-17,R0 Method of calibration and testing for operation of pressure 08714784
transducers for air-permesbility studies in the unsaturated
0ne
HP-18,R0 Frequency of equipment calibration for dwsnturated-zom 07/20/84
testing, Nevada Test Site
HWP-19,R0 Method for identification, transport, and handling of 07720784
instrumentation packages and equipment for field testing in
the unsaturated zone at NTS
Needed Data-acquisition system for monitoring borehole deformation --
gages, flatjacks, and load cells
Needed Method for calibrating a coupled-hydraulic-mechanical --
finite-element model
Needed Method of calibrating flatjacks and loading cells --
Needed Method of emplacement of borehole stress gauges --
Needed Method of emplacement of flatjacks and loaded cells .-
Needed Method of emplacement of multiposition borehole .-
extensometers
Needed Method for catibration of borehole stress gauges .-
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Table 3.5-2. JTechnicsl procedures snd quality-sssurance level sssignments for
excavation-effects test (8.3.1.2.2.4.5)--Continued

R

Technical procedure

Technical procedure
mumber (NWM-USGS-)

Effective
date

gorehole instrumentaticn and monitering
NNWSI-QALA-6922G-01-10, RO

Needed Method of calibration of multiposition borehole

extensometers

Excavation-effects test modeling
© NNWSI-QALA-69226-01-11, RO

Needed Method for evaluating the correctness of a

cowpled-hydrautl ic-mechanicel finite-element model
(bench-mark problems)

‘Needed Reference software documentation

Januar}»", 3. 1989
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3.6 Calico Hills test

Plans for the Calico Hills test are in the preliminary planning stage.
Because the test is not part of the exploratory-shaft construction-phase
testing, the plan for this activity will be presented in a subsequent
revision of this study plan.
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3.7 Perched-water test
3.7.1 Objectives of activity
The objectives of this activity are to .
1. detect the occurrence of any perched water;
2. estimate the hydraulic propérties of the zones; and

3. determine the implication of the exiétence of such zones on
water flux, flow paths, and travel times.

3.7.2 Rationale for activity selection

Perched water in the geohydrologic system may imply a particular
flow path for water (Montazer and Wilson, 1984). In addition,
temporal variations in occurrence and characteristics of such perched
water could indicate dvnamic or static conditions of the unsaturated
zone. Therefore, analvsis of the spatial and temporal occurrence of
perched water would help identify various flow paths of water. When
the flow paths are identified, calculations of flux and travel time
become possible. The Darcian flux is determined by dividing the flow
rate by the cross-sectional area that is perpendicular to the
direction of flow (Freeze and Cherry, 1979). Travel time is estimated
by dividing the length of the flow path by the flux and estimated
effective porosity. Direct estimation of the travel time from land
surface to the perched water is also possible through analysis of the
ages of pore, fracture, and perched water at known depths. The age-
dating methods are described in hydrochemistry tests in Section 3.8.3.

The activity is designed to detect and estimate properties of any
perched-water 2ones in the part of the unsaturated zone penetrated by
ES-1. This evaluation is needed to understand the geohydrologic
conditions causing accumulation of perched water: the implication of
such a zone on flux. flow paths, and travel time: and whether perched
water is a transient or permanent feature.

It is anticipated that any significant amount of perched water in
the vicinity of the ESF will have been detected during multipurpose-
borehole testing near the exploratory shafts (8.3.1.2.2.4.9). 1If
perched water has been detected, it will allow full preparation for
sample collection and testing in the shaft. If perched water has not
been detected in the multipurpose boreholes, it will still be
necessary to visually inspect the shaft walls for indications of
perched water, and to sample and test, if any is encountered.

At the Nevada Test Site and vicinity, perched water is known to
occur principally within or above the tuff and lava-flow aquitards, as
described by Winograd and Thordarson (1975). 1In the underground
workings beneath Rainier Mesa, the perched water occurs only within
the tuff aquitard. Nine perched springs occur within the tuff
aquitard and lava-flow aquitard. Perched water has not been

- . s
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positivelv identified in the bedded- or welded-tuff aquifers. Perched
water within or above the tuff aquitard generally occurs in poorly
connected fractures. The general absence of perched water in the
welded-tuff aquifer is attributed to both abundant hydraulically
connected fractures and absence of a perching bed; these prevent
accumulation of perched water.

Beneath Yucca Mountain, man-induced or natural perched water has
been encountered during drilling of test well USW H-1 (Rush et al.,
1984) and during drilling of test hole USW UZ-1 (Whitfield, 1985). 1In
test well USW H-1, water was perched above an underlying 5-m-thick
bedded or reworked ash-flow tuff at the base of the Topopah Spring
Member of the Paintbrush Tuff. This may have been contaminated water
resulting from the large amount of water used during drilling, with
water and detergent as the circulating media. In test hole USW UZ-1,
drilling in the Topopah Spring Member was discontinued at a depth of
387 m (1,269 fr) because a large volume of water was encountered, and
the water level could not be lowered significantly. All of this water
may be contamination from geologic test hole USW G-1 located 305 m
(1,000 ft) to the southeast of test hole USW UZ-1.

The conceptual model of flow in the unsaturated zone indicates
that perched water may occur within or immediately above the
Paintbrush Tuff nonwelded unit (PTn) and the Calico Hills nonwelded
unit (CHn) (Montazer and Wilson, 1984). This water could occur where
displacement along faults has created permeability contrasts on
opposite sides of the fault. The occurrence of perched water would
probably be by percolation downward into underlying units, by flow
down the fault planes or zones, by lateral flow along contacts, or by
combinations of these pathways.

No perched water is expected in the host rock, except perhaps
immediately above the CHn. The presence or potential for future
perching of water in the host rock, however, might interfere with
construction, operation. and ultimate performance of a repository at
Yucca Mountain. In addition, perched water could cause substantial
modification of geochemical interactions, transport processes, flow
paths, and travel times. For example, inflow of perched water during
construction of the ESF or repository might substantially affect
construction techniques, schedules, and safety concerns because of the
potential for flooding. Perched water in the PTn, above the host
rock, could affect the spatial and temporal distribution of flow in
the host rock by modulating pulses of infiltration and by diverting
flow laterally to faults. Perching of water beneath the host rock in
the CHn could affect travel times and flow paths to the accessible
environment. Perched-water zones could result from barriers to flow,
which would thereby increase travel time, or from short-circuits,
which would decrease travel time.

Because the ES-1 has not been constructed at Yucca Mountain.
geologic and hydrologic prototype testing will be conducted at G-
tunnel in Rainier Mesa, which is located at the Nevada Test Site about
60 k (40 mi) from Mercury, Nevada. This prototype test will develop
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and test hvdraulic mechods for determining the rate of flow. hvdraulic
nead. and procedures for collecting representative water samples from
a mined shaft or drift wall. 1In addition, instrumentation needed to
provide long-term geohydrologic data in perched-water zones will be
identified. Established procedures will minimize shaft construction
delavs and provide quality-assured data in the licensing process.

3.7.3 General approach and summary of tests and analyses

The perched-water test will be conducted only if perched water is
encountered during construction of ES-1. After each excavation round,
prior to the walls being prepared for geologic mapping, seeps or
saturated zores will be looked for in conjunction with mapping
activities. If miners report inflow of appreciable quantities of
water, hydraulic tests will be initiated immediately. If perched
water or fracture flow is observed, boreholes will be drilled
laterally into the ES-1 wall to test and sample the zone. A flow-rate
measurement will precede the borehole drilling if the flow rate into
the shaft is sufficiently large.

Data from hydraulic tests of the perched-water zone will be
analyzed in the field to determine the hydraulic characteristics of
the zone and to estimate its lateral extent. These hydraulic tests
will help to define the occurrence and to estimate the hydraulic
properties of the zone so that the hydrologic conditions and flow
characteristics of the perched-water zone can be modeled. Various
conditions occur under which water may perch in the unsaturated zone
beneath Yucca Mountain. Two possibilities are (1) as saturated zones
within porous nonwelded tuffs and (2) within isolated single fractures
that are poorly connected or are truncated against some nétwork
overlying relatively impermeable material. Depending on the
geohydrologic characteristics of each zone, the rate of discharge into
ES-1 may vary significantly; in fact, this rate of discharge will
determine the type of hydraulic tests required. For example. a
saturated zone within a porous nonwelded tuff and an isolated single
fracture may vield only seeps or wet zones that require boreholes and
piezometers for hydraulic tests. A saturated zone in a well-
connected fracture network may yield appreciable flows of water and
can be tested by pumping.

Excavation of the shaft may affect the interpretation of the
geohvdrology of the perched-water test. The disturbed zone around the
shaft and the stress changes caused by drilling and blasting that
alter the bulk permeability and porosity of the rock may create new
pathwavs for flow, thereby altering the performance and results of the
pumping and borehole tests. 1f possible, different scenarios for
studving the effects of excavation on pumping and borehole tests will
be explored during the prototype testing. In addition to excavation
effects, lining the shaft with concrete may modify the geohvdrologic
properties of the rocks surrounding the shaft. Water from the wet
concrete may enter fractures in the shaft wall and may invade
fractures, altering flow paths.

3.7-3 : ‘January 3. 1989



YMP-USGS-SP 8.3.1.2.2.4, RO

Uncertainties and limitations which effect interpretation of data
mav result from perched-water zones of limited areal extent and/or
loss of early-time data because of drainage into the shaft bottom. It
will be necessary to assess the magnitude of these effects during
analvsis and interpretation of test results.

The perched-water test, conducted with either pumping or borehole
tests, will determine both the type of occurrence of any perched water
and the hydraulic properties necessary to predict flux, flow paths,
and travel times through the unsaturated zone as influenced by
intervening perched water. The effects of perched-water bodies on the
construction and operation of a repository would be estimated, as
would the potential for existing or future perched water near the
repository. In addition, the possibility of a small-conductivity
unit, above the repository, that directed water away from the
repository would be evaluated. The perched-water data would also be
important in formulating mathematical models of the unsaturated zone.

Any perched water encountered by the shaft will be sampled and
analyzed for water quality and for stable and radiocactive isotopes.
Relative ages of pore and fracture water will be estimated from these
data in the hydrochemistry tests. These data will help determine flow
paths, flux, and travel times, as described in Section 3.8.3.

Figure 3.7-1 summarizes the organization of the perched-water
test. A descriptive heading for each test and analysis appears in the
shadowed boxes of the second and fourth rows. Below each
test/analysis are the individual methods that will be utilized during
testing. Cross-references to other study plans which provide input to
the perched-water tests also appear in Figure 3.7.1. Figure 3.7-2
summarizes the objectives of the activity, design- and performance-
parameter categories which are addressed by the activity, and the site
parameters measured during testing. These appear in the boxes in the
top left side, top right side, and below the shadowed test/analysis
boxes, respectively, in Figure 3.7-2.

The two figures summarize the overall structure of the planned
activity in terms of methods to be emploved and measurements to be
made. The descriptions of the following sections are organized on the
basis of these charts. Methodology and parameter information are
tabulated as a means of summarizing the pertinent relations among (1)
the site 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.

The methods utilized in this activity will provide information
that is approximately representative of the repository area. The
spatial variabilities of existing conditions within the repository
block, and the correlations to present and potential future repository
conditions are represented by the perched-water tests.
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The perched-water tests will be conducted in the ESF which will
penetrate the same geohvdrologic units as does the repository.
Because of this, the environment in which these tests will be
conducted is an approximate representation of the repository area.
The perched-water tests will help identify various flow paths of water
in the repository block. When the flow paths are identified,
calculations of the spatial and temporal occurrence of perched water
and travel times within the repository become possible. Furthermore,
an understanding of the TSw geohydrologic conditions causing the
accumulation of perched water, whether perched water is a permanent or
transient feature, and the implications of such a zone on flux, flow
paths, and travel times will be useful in predicting potential future
hydrologic conditions within the repository.

3.7.3.1 Shaft-wall seepage measurement '

After each excavation round, rate of seepage from the shaft
wall will be measured or estimated before any holes are drilled.
One method of seepage measurement is installation of a small
collector system such as a small inclined ledge to concentrate
small flows of water in order to facilitate measurements with a
container. A second method of seepage measurement is estimation
of flow rate that is made by visual inspection. Finally, block-
outs in the shaft wall and subsequent boreholes will allow easy
access for later instrumentation and seepage measurements. No
viable alternatives are available in place of the three methods
that were selected. A summary of the tests, analyses, and methods
is presented in Table 3.7-1 (Section 3.7.3.9).

3.7.3.2 Perched-water sambling

Any perched water found in the shaft will be sampled. These
samples will be analvzed for water quality and for steble and
radicactive isotopes. Relative ages of pore and fracture water
will be estimated from these data in the hydrochemistry tests.
These data will help determine flow paths, flux, and travel times,
as -described in Section 3.8.3.

One method is perched-water sample collection by natural large
or intermediate flow into a container. A second method is small-
flow-rate sample collection by lysimeter or container. The third,
fourth, and fifth tests are to use methods to sample water
quality, radiocactive isotopes, and stable isotopes by cross
reference to Section 3.8.3. As in Section 3.7.3.1, there are no
viable alternate methods to use in place of the five methods that
were selected. The five selected methods are presented in Table
3.7-1 in Section 3.7.3.9,

3.7.3.3 Pore-water extraction

Pore-water samples will be obtained from core. The pore water
will be extracted from the core by methods indicated by cross
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reference to Section 3.8.3.6. There are no alternate methods to
the methods selected (Table 3.7-1 in Section 3.7.3.9).

3.7.3.4 Borehole drilling of perched-water zones

The drilling of holes into perched-water zones will probably
be accomplished using dry-drilling methods. These dry-drilling
and coring methods will be developed during prototype testing.
Dry drilling and coring is the selected method because
representative rock samples and cores that are uncontaminated by
drilling liquid can be obtained and because positive
identification of perched-water zones is obtainable.

An alternate method is wet-drilling and -coring techniques,
but this method is less desirable than dry drilling because the
core could be contaminated by drilling liquid, and identification
of perched-water zones would be more difficult. Another alternate
method is drilling and coring with liquified gas, but this method
is not desirable because the liquified gas could condense water in
the air, resulting in an altered sample, and gas would be
introduced into the rock, interfering with gas sampling. The
selected method and the alternate method are presented in Table
3.7-1 in Section 3.7.3.9. )

3.7.3.5 Measurement of large flows

The selected methods of measuring the rate of perched water
flowing from either the shaft wall or a borehole are using a
stopwatch and container, flow meter, or a weir. These data will
be used to estimate hydraulic conductivity and transmissivity.
There are no viable alternate methods to use in place of the three
methods selected. The three selected methods are presented in
Table 3.7-1 in Section 3.7.3.9.

~

3.7.3.6 Testing, instrumentation, and monitoring in boreholes

If a wet zone or seep is encountered, and if the amount of
water is inadequate to justify a pumping test, a hole will be
drilled into it to increase flow; this hole will penetrate beyond
the region disturbed by mining of the shaft and will be cased to
the outer edge of the zone. If an isolated water-bearing fracture
is encountered, holes will be drilled to intersect the fracture
and possibly, along and perpendicular to, the fracture plane.

Following anyv pumping test, two to four lateral holes will be
drilled and completed with piezometers and/or lysimeters to
further test and sample at a later time. If the amount of water
is iradequate to justify a pumping test, short boreholes will be
drilled into the walls of the shaft for testing of the water-
bearing zone after completion of the shaft.

In addition to easily measurable yields of perched water. wet
zones or seeps may be encountered. or the water saturation in the

pd
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rock may be so large (for example, 95 or. 100 percent water
saturation) that a search for perched water of small yield mav be
necessary. If a wet zone or seep of small discharge is found, a
long or short borenole will be drilled in the general direction of
production in an effort to develop and concentrate the flow. The
length of the hole will depend on the width of the disturbed zomne
as determined by other tests (Sections 3.4 and 3.5). Long lateral
boreholes 33 to 66 m (108 to 216 ft) long may be drilled and
completed with piezometers for long-term monitoring. The diameter
of the borehole will be small but still allow installation of a
piezometer. Piezometers will be designed to enable monitoring of
the in situ pressure, sampling of the water, and testing of the
perched zone. The decision on whether to drill a borehole will be
made on site by a USGS hydrologist. The direction of the borehole
will be guided by the direction of the apparent fracture system
from which water is being produced. The borehole should penetrate
bevond the disturbed zone and be cased to its outer edge. If the
developed water flow is sufficiently large, it will be sampled
upon completion of the lateral borehole; if not, it will be
plugged and sampled later. The casing will be capped and will
protrude through the concrete shaft lining for later sampling. A
special block-out will be necessary to protect the casing and
allow access to the casing cap.

The selected methods for testing boreholes include using
instruments to monitor saturated and unsaturated conditions to
insure the detection of transient boundaries. These include (1)
pressure transducers to measure hydraulic head; (2) lysimeters for
collecting water samples; (3) heat-dissipation probes and
tensiometers to measure matric potential; (&) hydraulic tests
similar to those used in Section 3.7.3.7 to determine hydraulic
conductivity, transmissivity, and storage coefficient; and (5)
geophysical logging. There are two alternate methods. The first
alternate method involves using the thermocouple psychrometer, but
this was not selected because it is used to measure matric
potential in rocks that contain less water than the rocks expected
there. The second alternate method consists of periodic visual
observations of the borehole, but this is less satisfactory than
using borehole instruments. The selected methods and the
alternate methods are presented in Table 3.7-1 in Section 3.7.3.9.

The boreholes will be especially useful if pumping tests of
long duration are not practical during ESF excavation. All

‘boreholes will be subjected to long-term hydraulic tests and

monitoring in order to estimate the extent and hydraulic
properties of the zone. Monitoring of the boreholes may also be
useful in measuring temporal changes in a perched zone due to
changes” in percolation rates. . Although the infiltration rate is
estimated to range from 0.5 to 4.5 mm/yr (Montazer and Wilson,
1984), temporal changes that might occur due to locally large
infiltration along a fault zone may cause increased hydraulic head
in a borehole after heavy rainfall or snowmelt. This probably
would indicate that a perched-water zone is directly influenced by
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recharge. If the perched-water zone in a borehole decreased in

hydraulic head during a period of drought, a possible change of

the flow path, flux, and travel time through the unsaturated zone o’
might be determined.

Hydraulic-head data from boreholes may provide information on
the vertical component of percolation within a perched-water zone.
This measurement may be accomplished by horizontal boreholes
spaced vertically throughout a perched-water zone (Figure 3.7-3).

All tests will provide water samples for chemical and isotopic
analyses. Boreholes that are cased will be capped for later
sampling; a special block-out will be used to protect the casing
and allow later access to the casing cap. All boreholes will be
subjected to long-term hydraulic monitoring to estimate the extent
and hydrologic properties of the zone.

3.7.3.7 Hydraulic tests for large flow rates

Pumping tests will be conducted in the shaft if water flows at
a sufficient rate into the shaft. Pumping tests will be designed
to determine the yield of the perched water. Extent of perched-
water zones will be determined by a combination of surface and
subsurface testing. For example, a long-term test might detect a
decreasing rate of inflow, with a change in chemical constituents
in the water; or a decline in static water level after repeated
pumping might indicate that the perched water is of limited
extent. If pumping tests show a constant rate of inflow and a
constant static water level, a perched-water zone of great extent N
would be indicated. These pumping tests must be conducted with
great care because a pumping rate that is too large might flush
out sediment or clay from a weak zone or form a clay gouge within
a fault; thus, hydraulic properties such as transmissivity and the
storage coefficient would be increased or decreased artificially,
as noted by Stuart (1955). A pumping rate that is too small,
however, might indicate only storage of water within the shaft due
to its large diameter, which is similar to the effects of well-
bore storage. Following any pumping test, two to four lateral
boreholes will be drilled and completed with piezometers and/or

lysimeters to further test and sample for perched water at a later
time.

Hydraulic-test methods, such as pumping tests and injection
tests, will be analyzed using standard analytical methods for
these tests. Pumping tests with constant discharge will be
analyzed using the type-curve method (Lohman, 1972); the straight-
line solution (Cooper and Jacob, 1946; Ferris and others, 1962),
and the Theis recovery formula (Ferris and others, 1962). Pumping
tests that are made using constant drawdown will be analyzed using
Jacob and Lohman’s method (Jacob and Lohman, 1952; Lohman, 1972).
Pumping tests that are made using cyclic intervals of discharge
will be analyzed using Brown's method (Bentall, 1963). For
pumping tests in wells of large diameter, the methods of
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Figure 3.7-3. Schematic diagram of instrumentation of perched-water zone within
the exploratory shaft.
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Papadopulos and Cooper (1967) or Goodman and others (1965) will be
used. Injection tests will be analyzed using the method of Cooper
and others (1967) and Papadopulos and others (1973). It will be
necessary to consider the effects of free-surface boundaries
during the application of the proposed methods of analyses. The
selected methods are presented in Table 3.7-1 in Section 3.7.3.9.

3.7.3.8 Perched-water sample analysis

Any perched water encountered in the shaft will be sampled.
These samples will be analyzed using methods for water quality and
for stable and radioactive isotopes. The methods of analysis of
the hydrochemical and age-dating data will be done as part of the
perched-water test. Relative ages of pore and fracture water will
be estimated in the hydrochemistry tests. These data will help
determine flow paths, flux, and travel times (Section 3.8.2).

There are no viable alternate methods to use in place of the
selected methods which are presented in Table 3.7-1.

3.7.3.9 Methods summary

The parameters to be determined by the tests and analyses
described in the above sections are summarized in Table 3.7-1.
Also listed are the selected and alternate methods for determining
the parameters and the current estimate of the parameter-value
range. The alternate methods will be utilized only if the primary
(selected) method is impractical to measure the parameter(s) of
interest. In some cases, there are many approaches to conducting
the test. In those cases, only the most common methods are
included in the tables. The selected methods in Table 3.7-1 were
chosen wholly or in part on the basis of accuracy, precision,
duration of methods. expected range, and interference with other
tests and analvses.

The USGS investigators have selected methods which thev feel
are suitable to provide accurate data within the expected range of
the site-characterization parameter. Models and analyvtical
techniques have been or will be developed to be consistent with
test results. The expected ranges of the site-characterization
parameter have been bracketed by previous data collection and
computer modeling and are shown in Table 3.7-1.

4 Technical procedures and quality-assurance levels

The USGS quality-assurance program plan for the YMP (USGS, 1986)

requires assignment, justification, and documentation of quality
levels to activities that affect quality; and documentation of

technical procedures for all technical activities that require quality
assurance.

La)
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Table 3.7-1. Summary of tests and met.ods for the perched-water test

cP &

1.2.2.6.7

in the explorstory shaft

(Note: DJashes (--) indicate information is not available ana to be determined.)

Methods (se(ected and glternate)

Site-characterization Expected range
Shaft-wall seepage measurement
Installation of collector system Flow rates, perched-water Small
(selected) 20nes
Estimate flow rate by visual inspectien "
(selected)
Block-out for tater messurement of natural "
flows by setting piezometers
(selectea)
Perched-water samoling
Large-flow- and intermediste-flow-rate Flow rates, perched-water Large
sample collection by matural flow inte zones
container
(selected)
Small-flow-rate samples by Lysimeter or "
container
(selected)
Cross reference to 8.3.1.2.2.4.7 ESF Redioactive isotopes .-
hydrochemistry tests
(selected)
Cross reference to 8.3.1.2.2.4.8 ESF Stable isotopes .-
hydrochemistry tests
(selected)
Cross reference to £.3.1.2.2.4.7 ESF Mater quality

hydrechemistry tests
(selected)

-
« 9

M oy

0
on
‘0

-

Janua
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Table 3.7-1. Summary of tests and methods for the perched-water test

(SCP 8.3.1.2.2.4.7) in the exploratory shaft--Continued

Methods (selected and alternate)

Site-characterization _ Expected range
parameter

Cross reference to 8.3.1.2.2.4.8 ESF
hydrochemistry tests

(selected)

Cross reference to 8.3.1.2.2.4.7 ESF
hydrochemistry tests

(selecteq)

Zross reference to 8.3.1.2.2.4.8 ESF
hydrochemistry tests
(selected)

Pare-water extraction

Radioactive isotopes ..

Stable isotopes .-

Water quatity .-

Water flow-rate messurement for targe flows

Stopwatch and a container
(selected)

Flow meter
(selected)

weir
(selecteq)

Discharge, perched-water zones 0,0000631 msls to
0.00631 m3/s

Testing, instrumentation, and monitoring of borenotes

Pressure transcucer
(selected)

Lysimeter
(selected)

Heat-dissipation probe
(selected)

Geophysical logs (tv, neutron)
(selected)

Water potentiat, totat, -
perched-water tones

Hydrochemical properties, --
perched-water zones

wWater potential, total, -
perched-water rones

Porosity, perched-water zones 1 to 60%

w
[0 o]
‘0
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Sumary of tests and methods for the perched-water test

{SCP 8.3.1.2.2.4.7) in the expleratory shaft--Continuea

Methods (selected and alternate)

Site-characterization
parameter

Expected range

Testing, instrumentation, and monitoring of boreholes

Thermocouple psychrometer
(slternate)

uydrlulic tésts
(selected)

Theis recovery test
(selected)

Packer injection test of borehole
(selected)

water potential, total, ) .
perched-water zones

Hydraul ic conductivity, .
perched-water gones

Stcrage coefficient, ..
perched-water zones

Transmissivity, perched-uater .-
zones

Hydraulic tests for lsrge flow rates

Discharge, perched-water zones  0.0000631 m3/s to

0.0252 m/s
uydriutic conductivity, ie
perched-water zones
Storage coefficient, .-
perched-water zones
Transmigsivity, perched-water - ..

ones

Discharge, perched-water zones 0.0000431 m3ls 1{:]
0.0252 m3/s

Hydraulic conductivity, =t

perched-water zones

Storage coefficient, ' -
perched-water zones

Trangmigsivity, perched-water .-
tones

()
b |

[]
'_l
wn

(S
[}
o]
[
[\}]
"
H
.
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)
Al o]
o
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Table 3.7-1, Summary of tests and methods for the perched-water test
(SCP 8.3.1.2.2.4.7) in the exploratory shaft--Continued

Methods (selected and alternate)

Site-characterization
parameter

Expected range

Cyclic-discharge test
(selected)

Constant-drawdown umping test
(selected)

Constant-rate puping test
(selected)

Cross reference to 8.3.1.2.2.4.8 ESF
hydrochemistry tests
(selectee)

Hydraulic tests for Large flow rates

Discharge, perched-water zones
Hydraulic conductivity,
perched-water zones

Storage coefficient,
pearched-water iones

Transmissivity, perched-water
z0nes

Discharge, psrched-water zones
Hydraulic conductivity,
perched-wuster tones

Storage coefficient,
perched-sater 00es

Transmissivity, perched-water
Tones

Discharge, perched-water zones
Hydraulic conductivity,
perched-water ones
Transmissivity, perched-water

ones

Perched-water sample anstysis

Radicactive isotopes

0.0000631 m*/s to
0.0252 m>/s

0.0000631 m>/s to
0.0252 mo/s

0.0000631 m /s to
0.0252 m/s

0.0000631 m>/s tc
0.0252 m/s

\O
[0 ¢}
O

o
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Table 3.7f1. Sumary of tests and methods for the perched-water test
(SCP 8.3.1.2.2.4.7) in the exploratory shaft--Continued
Hethods'tselectcd and alternate) Site-characterization Expected range
parameter
Perched-water samole snalysis
Cross reference to 8.3.1.2.2.4.8 ESF Stable isctopes .-
hydrochemistry tests
{selected)
Croﬁs reference to 8.3.1.2.2.4.8 ESF water quality .-
hydrochemistry tests
(alternate)
)
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Table 2.7-2 provides a complete tabulation of qualitv-assurance
leve.-assignment (WMP-GALA-) numbers and technical procedures
applicable to cthis activity. Approved procedures are identified with
a USGS rnumber and a procedure effective date. Procedures that require
preparation do not have procedure numbers,

Procedures that are identified as "needed” in the table will be
completed and available 30 davs (for standard procedures) or 60 days
(for non-standard procedures) before the associated testing is
started. Many of the needed technical procedures depend on the
results of ongoing prototvpe testing and cannot be completed until
work is done.

Applicable qualitv-assurance procedures are presented in Appendix
7.1. Completed qualitv-assurance level assignments are presented in
Appendix 7.2.

Equipment requirements and instrument calibraction are described in
the technical procedures. Lists of equipment and stepwise procedures
for cthe 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. ’



{Dashes (--) indicate information is not available and to be determined.
level-assigrment numbers are listed with the test/analysis title.)
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Table 3.7-2. Jechnical procedures end quslity-sssurance levei

assigrments for perched-water test (8.3.1.2.2.4.7)

Cuality-assurance

Technical procedure
ruber (NWM-USGS-)

Technical procedure

Effective
date

HP-106,R0

HP-107,R0

HP-90,R0
HP-98,R0

WP-104,R0

Needed

HP-12,R3

HP-33,R0

Shaft-walt gespage measurement
NNWSI-QALA-69226-01-13, RO

sampling and field testing of a water-bearing isclated
fracture in perched-water zones of the exploratory shaft at
Yuccs Mountgin, NTS

Testing and sampling wet zones and seeps in the exploratory

shaft at Yuccs Mountain, NTS

Perched-water ssmoling
NNWS[-0ALA-6922G-01-14, RO

Sampling and field testing of perched water in the
exploratory shaft at Yucca Mountain, KTS

Procedure for recognition of perched water in the
exploratory sheft st Yucca Mountain, NTS

Sampling perched water for chemical and isotopic snalysis

in the exploratory shaft at Yucce Nountsin, NTS

Pore-water extraction _
NNWSI-QALA-6922G-01-15, RO

Pore-water extraction

Borehote drilting of perched-water zones
NNWST-QALA-6922G-01-12, RO

Method fo_r collection, processing, and handling of drill
cuttings and core from unsaturated-zone boreholes at the
wetl site, NTS

Preliminary method for monitoring and testing perched-water
zones in a borehole drilled with the reverse-vacuum method

In prep.

In prep.

In prep.

In prep.

In prep.

06/08/88

05715785




Table 3.7-2. Technical procedures and quality-assurance level

assignments for perched-water test (8.3.1.2.2.4.7)--Continuea

Technical procedure

Technical procedure Effective
nurber (NWM-USGS-) cate
Borehole dritling of perched-water zones
NNWS1-CALA-6922G-01-12, RO
HP-109,RO Boreholes drilled in perched-water zones after a liner is In prep.
installed in the exploratory shaft at Yucca Mountain, NTS
Needed Borehole dry drilling and coring (perched-water zones) --
Measurement of large flows
NNWSI-QALA-6922G-01-13, RO
HWP-06,R0 Hydrologic pumping test 01711782
. HP-S3,R0 Method for calibrating digital and analog watches 11715784
Testing, instrunentation,  and monitoring of boreholes \/
NNWS!-QALA-6922G-01-12, RO
HP-14 ,R1 Method for calibrating Peltier-type thermocouple 07/09/84
psychrometers for measuring water potential of partially
saturated media
HP-15,R2 Method for calibrating heat-dissipation sensors for 07/09/84
measuring in situ matric potential within porous media
HP-17,R0 Method of calibration and testing for operation of pressure 08/714/86
transducers for air-permeability studies in the unsaturated
20ne
KP-105,R0 Sorehole sampling and field testing of perched water in the In prep.
exploratory shaft at Yuccs Mountain, NTS :
KP-108,R0 Long-term monitoring of boreholes in perched-water zones in in prep.
the exploratory shaft at Yucca Mountain, NTS
~
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Table 3.0 . TYechnical procedures and guslity-sssursnce level

assignments for perched-wster test (8.3.1.2.2.4.7)--Continued
Technical procedure Technicsl procedure ' Effective

mber (NWM-USGS-) : date

Hydraulic tests for large flow rates
NNWS1-QALA-6922G-01-13, RO

KP-S3,RO Method for calibrating digital and analog watches 11715/84
HP-103,R0 Pumping tests of perched water in the explorstory shaft at In prep.

Yuccs Mountain, NTS

Perched-water ssmple snalysis
NNWS1-QALA-6922G-01-14, RO

Needed Perched-water sample snalysis .-
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3.8 Hydrochemistry tests

3.8.1 Objectives of activity
The objectives of this activity are to

1. implemént methods, designed in the prototype tests, for
extracting uncontaminated pore water from mining rubble; and

2. generate hydrochemical data that will help determine the flow
direction and travel time of gas and water in the unsaturated
zone by hydrochemical and isotopic techniques.

3.8.2 Rationale for activity selection

The inorganic composition of Yucca Mountain unsaturated-zone water
indicates the types of chemical processes within the unsaturated zone.
The chemistry of pore water reflects the results of rock-water
interactions within the matrix of the rock, and the chemistry of
fracture water reflects the results of chemical processes along the
rock-water interface. If fracture and matrix water have similar
chemical constituents, the amounts of dissolved species may be
different due to different lengths of contact time. These processes
also affect the transport behavior of radionuclides leached from the
waste package. Processes and conditions that may affect the
precipitation, sorption, and mobility of radionuclides can, therefore,
be inferred from the inorganic composition of the unsaturated-zone
water.

Pore-water chemistry data and mineralogic data for the matrix and
fractures in the unsaturated zone will be input to geochemical models
(WATEQ, PHREEQE, EQ3/6) to provide additional information from which
to infer the water-rock reactions occurring in the unsaturated zone.
For example, the degree to which a theoretical water composition
(calculated to be in equilibrium with a known mineral assemblage)
matches the measured data can be used to infer the extent of
mineral/ground-water reactions operating in the system. A close match
supports a long contact time (long residence time), whereas a poor
match suggests a more dynamic system and indicates the relative
importance of reaction kinetics in controlling vadose-zone water
composition.

Other chemical parameters, such as ionic strength and ranges of
Eh/pH, will provide information on solubility and reactivity of the
natural geochemical environment beneath Yucca Mountain and of the
artificial environment created by the engineered-barrier systems.

A progressive chénge in pore-water inorganic composition is
expected with depth in the unsaturated zone. This compositional
variation probably can be related to variations in the types and
compositions of primary minerals with which the pore water may come in
contact and to the duration of contact time. The composition of
fracture water mav be useful in determining the degree of

3.8-1 January 3, 1989
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interconnectivity of the fractures. Certain fractures may not extend
over long distances and hence may not intersect major water pathways.
The water composition in such fractures may be similar to adjacent
pore water, which has had long periods of rock/water interaction.
Water within interconnected fractures, however, probably has had
relatively short residence times and should be relatively dilute
compared with water from poorly interconnected fractures. This dilute
chem1ca1 concentration in water at great depths combined with younger

¢ age of water would imply a relatively fast travel time in the
unsaturated zone, or periods of intense recharge at the land surface.
Conversely, large concentrations at a great depth and old l4c age of
water would imply a slow travel time or overall minor recharge at the
site.

Isotopic composition data can be used to interpret paleohydro-
logic conditions, including sources, times, and climate of recharge.
When ocean water evaporates, the lighter Hz 6o water molecules are
preferentially evaporated compared with H»p 80 or HD! 60, and the
atmosphere becomes relatively depleted in the heavy isotopes. When
poleward- or landward-driven water condenses, the first precipitation
is enriched in the more condensable heavy isotopes. The remaining
water becomes further depleted of heavy isotopes, which causes
successive precipitation water to be progressively lighter. As a
result, precipitation is lighter farther inland, higher in the
mountains, and toward both poles. Thus, precipitation at various
distances from the coast and at various altitudes and latitudes can be
differentiated by the stable hydrogen- and oxygen-isotope
compositions.

Although individual precipitation at the same location varies
greatly in composition with time due to local weather fluctuations
(temperature, humidity, and wind), water infiltrating the ground has
relatively small isotopic compositional variation with time due to an
averaging effect. Thus, only long-term climatic changes can be
recognized by significant differences in isotopic composition of
unsaturated-zone water. Precipitation at the Nevada Test Site during
a cooler climate is comparatively more depleted in heavy isotopes than
that from a warmer climate. Therefore, by analyzing the compositions
of oxvgen-18 and deuterium in the unsaturated-zone water, it is
possible to identify the climate at the time of recharge (that is,
recharged during the warm- or cold-climatic regime). The isotope
ratios of oxygen and hydrogen recharged during the last ice age (about
10,000 years ago) were significantly depleted compared to isotope
ratios of different sources. Therefore, when stable-isotope
compositions of oxygen and hydrogen are compared with the climates of
the past, flow paths of the water can be identified. The sources of
recharge can be identified from the differences in stable-isotope
ratios due to altitude effect (the higher the altitude, the cooler the
condensation temperature, hence the lower the isotopic ratioes). The
possible sources of Yucca Mountain’s precipitation are the Pacific
Northwest, California coast, Gulf of California, and the Gulf of
Mexico. Each is probably tagged with different stable oxygen- and
hvdrogen-isotope ratios. When the isotopic composition of
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unsaturated-zone waters is compared with precipitation collected at
Yucca Mountain from these four sources, the water source possibly can
be implied. Furthermore, from the age of water determined by
carbon-14 and trictium methods, it is likely to identify the time of
recharge, travel, and residence time (Yang and others, 1985).

Hydrochemical data and interpretations will be used as a cross-
check on travel times computed from hydraulic parameters. Tritium
(hydrogen-3) analyses will be used to determine the residence time of
pore and fracture water up to about 100 years; carbon-14 anealyses will
extend the determination range from 100 to 40,000 years, and
chlorine-36 yields dates from 50,000 to about 900,000 years. If
caliches are dissolved into the unsaturated-zone water, carbon-14 ages
can be corrected by measurements of carbon-13/carbon-12 ratios in the
carbonate water because caliche has a *°C/*“C ratio of about 5°/00,
while biogenic CO9 has 13C/12C ratio of about 22 to 24%/o00.

Therefore, the amount of caliche dissolved can be estimated, and l4C
age corrected. Four relative-age scenarios will be tested:

(a) Very young (<200 years) fracture water and relatively old
(>5,000 years) pore water. This scenario implies a short
. residence time for fracture water and that most of the flow
through the unsaturated zone is through the fracture network.

(b) Relatively young (<1,000 years) pore water and relatively old
(>5,000 vears) fracture water, and most fractures are air
filled. This unlikely situation implies that most of the flow
is through the matrix network and that the fractures are poorly .
connected. |

(c) Pore- and fracture-water samples having the same age at a
common depth, and age increasing with depth. This situation
implies that fractures are poorly connected and behave as
enlarged pores. It also implies the presence of relatively
static perched water within the unsaturated zone.

(d) General absence of fracture water, and the occurrence of
relatively old (>5,000 years) pore water. This scenario
implies that the residence time of water entering the fracture
system is extremely short or that all water transported by
fractures is drawn into the matrix system by capillary action.

If enough pore water can be extracted from unsaturated-rock samples
(in addition to the amount required for hydrochemistry tests, as
described herein), pore-water samples will be sent to Los Alamos
National laboratory (LANL), and in turn sent to an outside contract

laboratory, for chlorine-36/chlorine ratio analysis (see Study Plan
8.3.1.2.2.2). :

When water percolates downward, travel time can be estimated from
the ages of pore, fracture, and perched water at known depths. In more
complicated scenarios, when water moves tortuously, the flow paths may
be assessed from the oxygen-18/16 and deuterium/hydrogen ratios in
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water, as recharge waters in different climates have different ratios )
of these isotopes. When water composition of the same stable-isotope

ratios is traced, it is possible to identify the flow path and path —
length. After this flow path is combined with water age, travel time

can be calculated and compared with the value calculated from hydraulic
parameters. :

The Calico Hills nonwelded unit (CHn) is a nearly saturated
zeolitized geohydrologic unit that probably functions as a porous
medium. The water table is in this unit beneath some parts of Yucca
Mountain. This unit probably retards the downward movement of pore
and fracture water. Radiocarbon ages of water determined for this
zone will allow an estimation of the residence time of water in the
deepest part of the unsaturated zone.

Three prototype tests will be undertaken prior to the ESF
hydrochemistry tests to design and validate methods of pore-water and
gas collection. The optimal rubble size test, the dry coring of
rubble, and the pore-water extraction by triaxial compression are
described in more detail in Sections 3.8.3.4, 3.8.3.5, and 3.8.3.6.
If prototype tests indicate that uncontaminated pors-water samples
cannot be obtained from mining rubble, core samples must be obtained
in advance of blasting in the ESF for pore-water collection. 1If
required, one additional short borehole will be cored every 10th-
blast round to obtain a sample. If the dry-coring prototype test
indicates that pore-water chemistry is affected by the coring
technique, the effect must be determined so that adjustments can be }
made for ESF testing. 1If the pore-water extraction prototype tests N
demonstrate more efficient water collection from welded tuff cannot
be made, leaching of the crushed-core sample with a known amount of
distilled water will be carried ocut in the laboratory, and leachable
cation and anion concentrations will be calculated.

3.8.3 General approach and summary of tests and analyses

The activity is designed to collect gas and uncontaminated pore
and fracture water and perched water during the construction of ES-1.
Near-fracture matrix samples will be centrifuged to collect
uncontaminated water. These gas and water samples will be analyzed
for their major compositions and stable and radioactive isotopes.
Table 3.8-1 summarizes chemical and isotope analyses. The
information that can be derived from these tests and how they can
help to resolve issues of site-characterization are described in
detail under the previous heading, Rationale for activity selection.

Gas samples will be collected twice a year for three years from
the radial boreholes (Section 3.4) and two excavation-effects test
holes (Figure 3.8-1). Pore water will be extracted from cores
removed from the ESF test borekoles and from rubble collected from
approximately 30 locations during shaft construction (Figure 3.8-2).
Fracture- and perched-water samples will be collected where
available.

3.8-4 January 3. 1989
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sotopic analvses

Parameter

Chemical Species

Information

Inorganic
cations and-
anions

Organic
compounds

Stable isotopes

Age dating

Gas diffusion

Contamination
check

Na, Ca, Mg, K, HCO3,
S04, Cl, pH, §iOg,
Mn, Fe, Al

Organic compounds
(trace amounts)

Oxygen-18/oxygen-16
deuterium/hydrogen
ratio

Carbon-14, tritium,
carbon-13/carbon-12
ratio, ‘argon-39

Freon-11, Freon-12,
COg, H70, SF§, CHg,
Ar, 07, No, He/“He

Li, Br, I, NO3, EOj3

Types of ongoing chemical
reactions. Residence times of
fracture fluids.

Forming of organometallic
complexes that change the
mobility of radionuclides.

Timing of major recharge events.

Age and travel time of
unsaturated zone waters. Style
and pattern of fluid flow in the
unsaturated zone.

Diffusion of gasses (14c, 3H,
9Ar) into the unsaturated zone.

Washdown of tracers.

3.8-5
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The activity will be performed throughout the construction phase
of ES-1 and breakout zones. Samples will be collected after
designated blasting rounds during shaft construction. The samples
will be taken at about 30-m (100-ft) intervals. When wet zones
(water content of >50%) are encountered as the shaft is being mined,
additional samples will be collected. Samples will be collected by a
Fenix and Scisson geclogist accompanied by a subcontractor miner.
They will select the rubble pieces for transport to the surface
before the customary washdown. The aggregate rock samples taken from
any one depth will total approximately 50 kg (110 1b), and each rock
will have a minimum diameter of 300 mm (11.8 in.). Samples will
immediately be sealed in beeswax for shipment to the USGS in Denver.
The effects of gas and water exchange caused by blasting will be
assessed during prototype testing. Additionally, tracer gas SFg will
be added in the compressed-air system for borehole drilling.

Chemical compositions of blasting explosives will be known in advance
(such as nitrate). Any contamination from atmospheric air (Freon-11)
or explosives will be checked before the data from rubble samples
will be used for site characterization.

If during shaft construction a thick zone of perched water is
penetrated, and the system is both simple and self-cleansing, a 4-
liter- (l-gal-) water sample or sequence- of samples will be taken at
the time of first production.

Figure 3.8-3 summarizes the organization of the activity. A
descriptive heading for each test and analysis appears in the
shadowed boxes of the second and fourth rows. Below each test/
analysis are the individual methods that will be utilized. Cross-
references to other study plans which provide input to the activity
also appear in Figure 3.8.3. Figure 3.8-4 summarizes the objectives
of the activity, design- and performance-parameter categories which
are addressed by the activity, and the site parameters measured
during testing. These appear in the boxes in the top left side. top
right side, and below the shadowed test/analvsis boxes, respectively,
in Figure 3.8-4.

The two figures summarize the overall structure of the planned
activity in terms of methods to be employed and measurements to be
made. The descriptions of the following sections are organized on
the basis of these charts. Methodology and parameter information are
tabulated as a means of summarizing the pertinent relations among (1)
the site 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.

The methods utilized in this activicty will provide information
that is approximately representative of the repository area. The
spatial variabilities of existing conditions within the repository
block. and the correlations to present and potential future
repository conditions are represented by the activity.

W
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The hydrochemistry tests will be conducted in the ESF which will
penetrate the same geohydrologic units as does the repository.
Because of this, the environment in which these tests will be
conducted is an approximate representation of the repository area.
Furthermore, gaseous and aqueous chemical samples will be collected
within radiating boreholes from ES-1, providing information on
lateral variability of the host-rock hydrochemistry away from the
ESF. Data from the hvdrochemistry tests will be used to model (1)
the geochemical evolution of ground water and (2) the gas-transport

mechanisms,

leading to a better understanding of water (liquid and

vapor) movement within the repository host rock.

3.8.3.1 Collection and transport of gas samples from radial

boreholes

Four types of gas samples will be collected from radial
boreholes: (1) gas-composition samples, (2) carbon-13/carbon-12
ratio samples, (3) carbon-14 samples, and (4) water vapor

samples.

Radial-borehole dimensions, orientation, and

instrumentation configurations are discussed in Section 3.4.3.1
and illustrated in Figure 3.4-5. Sampling tubes will be pumped
before sample collection to purge the tubes of any atmospheric
air that might have been introduced while connecting the pumps to
the system. Gases sampled from the ESF boreholes will be
analyzed for gas tracers introduced during the construction

phase.

During sample collection, the sample gas will be pumped

at a flow rate of 500 mm per minute. (See Figure 3.8-5 for system
apparatus.) ’

L

(2)

Gas composition samples -- two methods will be used for
gas-composition sample collection. The first method uses
a syringe inserted in the line of gas tubing pumped by
the peristaltic pump; gas is allowed to flow directly
into the syringe. The second method involves pumping the
gas sample into a 250-ml flow-through glass container.
Gas-composition sampling by syringe is preferred over
collection in a flow-through cylinder; the syringe method
is easier to perform and allows the.sample to be injected
directly from the syringe into a gas chromatograph for
analysis. Gas-composition samples require no
transportation because they are analyzed in the field.

Carbon-13/carbon-12 ratio samples -- two methods will be
used. The first method uses 5A molecular- sieve pellets
to trap the CO» gas. The gas sample is allowed to flow
into a 300-ml stainless-steel cylinder containing the 5A

- molecular-sieve pellets which trap the CO;. The second

method involves allowing the CO, gas to flow into a 250-
ml flow-through glass container. Carbon-13/carbon-12
sampling uses both molecular-sieve and collection in a
flow-through cvlinder method because it is important to

- check by both methods.
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(3) Carbon-14 samples -- two methods will be used for carbon-
14 sample collection. The first method employs a 5A
molecular sieve as discussed in (2) sbove. The second
method (KOH method) allows the gas to disperse through a
fritted plate and bubble into a container of 5 molar KOH
solution. The KOH solution traps the CO2 by converting
it to potassium carbonate (K7CO3). The principal
advantage of the molecular-sieve method of carbon-1l4
sampling over the KOH method is its simple design and
insured, nonbreakable transport between the sampling site
and the laboratory.

Carbon-14 and carbon-13/carbon-12 ratio samples will
be packed in a cardboard box and mailed directly from the
field to the Denver Federal Center laboratory for
processing. )

(4) Water-vapor samples -- three methods will be used: cold
trap, silica gel, and molecular sieve. The first method
involves pumping the gas sample through a cold trap
cooled by a dry-ice-alcohol slurry to remove the water
vapor. The second method allows the gas to flow through
a tower filled with silica gel to remove the water vapor.
The third method uses a SA molecular sieve similar to (2)
above to collect the water vapor. Water-vapor sampling
using a cold trap is preferred over collection by silica
gel tower or molecular sieve. During degas heating of
the water vapor from the silica gel or molecular sieve,
oxygen atoms in the water vapor exchange with oxygen
atoms in the silicate minerals of the silica gel and
molecular sieve, causing errors in oxygen-isotope
measurements; the cold trap method is not subject to this
problem. Condensed water-vapor samples (in vials) are
hand-carried to Denver.

All data obtained by each group of methods (selected or
alternate) should be compared to insure the validity of the
selected method,

3.8.3.2 Preparation of gas samples for analysis

Two methods are available for preparing gas samples for
analysis: (1) degassing of COj samples trapped in molecular
sieves by heating under a vacuum and collecting the released
gases in cold traps using liquid nitrogen, and (2) adding acid
to a potassium hydroxide (KOH) solution containing’COZ to
release the COy gas from potassium carbonate (K2C03). The
first method involves heating the molecular sieve gas-
collection cylinder to 300° C to drive off the captured gases,
collecting the water vapor as ice in a cold trap cooled to -78°
C by a dry-ice-alcohol slurry, collecting the CO as a solid in
a cold trap cooled by liquid nitrogen and storing the CO7 in a
storage cylinder. A simplified diagram of the degassing svstem

3.8-13 January 23, 1989
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system is shown in Figure 3.8-6. The KOH method of releasing
the col-lected COy is performed by acidifying the solution; the
CO7 is then reacted with hydrogen gas using ruthenium pellets
as a catalyst to form methane (CHy;) gas for gas counting.

Water vapor collected in 3.8.3.1 requires no further
preparation.

Sample collection and degassing using the molecular
sieve/vacuum-heating method is much easier to perform (no
chemical involved). The apparatus involved is simpler, easier to
operate, and less subject to malfunctions during the procedure.

Internal checks assure release of all of the carbon dioxide
gas. For example, near the end of the degassing procedure, the
liquid-nitrogen level is raised around the carbon dioxide cold
trap. This exposes a clean section of the collection tube in the
trap to liquid nitrogen; any carbon dioxide still solidifying in
the trap will form a ring of new white solid on this section of
the tube--indicating that the degassing process is not yet
complete. No formation of new carbon-dioxide solid ensures that
all of the carbon dioxide has been trapped.

3.8.3.3 Analyses of gas samples

Stable-isotope ratios (oxygen-18/oxygen-16, carbon-
13/carbon-12, deuterium/hydrogen, and helium-3/helium-4) will be
analyzed using mass spectrometry by the U.S. Geological Survey
Research Laboratory, Reston, Virginia. Low-level gas counters
will be used to determine tritium activity in water vapor at the
University of Miami, Miami, Florida. Large carbon-14 samples
(carbon-14 dioxide gas) will be analyzed using conventional gas-
counting methods by Geochron, Inc. in Boston, Massachusetts.
Small carbon-14 samples will be analyzed by tandem accelerator
mass spectrometry (TAMS) at the University of Arizona, Tucson,
Arizona. Argon-39 will be separated out from other gases in the
samples, processed, and measured by proportional counter at the
University of Bern, Switzerland, the only available facility for
analysis. All gas samples will be analyzed for the presence of
construction-phase tracers (sulfur hexafluoride, methane, freon,
etc.), using gas chromatography-mass spectrometry (GCMS).

Carbon-14 and tritium concentration measurements are
preferred over argon-39 and krypton-8l. Because argon and
krypton are rare gases, their natural concentrations are very
small; therefore, a very large volume of sample gas would be
necessary for conventional gas counting, which requires some type
of gas-separation system. Such a system would be difficult to
handle. Carbon-14 requires much smaller sample. volumes because
it is measured by the TAMS method. Furthermore, argon-39 has an
additional drawback in that it can also be produced by in situ
neutron activation in the subsurface which mav interfere with the
measurement of cosmogenic argon-39. Feasibility of dating gas
samples with krypton-81 remains to be seen. Oxvgen-18/oxvgen-1l6,

3.8-14 January 3, 1989
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stable-isotope ratios are preferred over other stable isotope
ratios because more background data are available, and standard
analysis techniques already exist for these isotopes.

Carbon-14 and tritium concentration measurements will
determine the residence time of the gases in the unsaturated
zone. Stable-isotope ratios will provide information on the flow
path of the gases through the unsaturated zone as well as their
interactions with other minerals or transport properties. Tracer
concentrations will help determine the effects of excavation
operations of the exploratory shaft on in situ gases in the
unsaturated zone. Refer also to Section 3.8.3 for more detail
concerning the uses of the chemical and isotopic analyses of pore
gases.

3.8.3.4 Collection and transport of core and rubble samples

The optimal rubble-size prototype test will develop
procedures to collect, seal, and transport mining rubble and will

determine the optimal size mining rubble needed to avoid blast
contamination.

The two different methods of obtaining rock samples which
will be tested are the following:

1. Rubble samples -- two sizes of rock rubble will be
collected after blast rounds and prior to washdown. A
minimum dimension of 15 cm (6 in.) for the bulk samples
is suggested. Samples of both welded and nonwelded tuffs
will be required. Because blasting variables, such as
charge, spacing, pattern, delay sequence, and type of
explosive may be nonuniform, the effect of blasting on
contamination may also be nonuniform. After the blasting
variables are fixed, 50 pieces of 12-in. diameter rubble
(40 welded and 10 nonwelded) and 20 pieces of 6-in.
diameter rubble (16 welded and 4 nonwelded) will be
collected. An equal number of rubble pieces will be
collected from each blast round. The degree with which
the rubble pieces meet the two primary criteria, degree
of wetness (visually observable) and proximity to
preblasting core samples, will be determined by the field
coordinator.

2. Coring in advance of blasting -- core samples can be
collected by dry coring into the face of the controlled-
blast demonstration room. Such samples should be
collected at least the distance of two blast rounds in
front of the face to ensure that they are unaffected by
previous blasting. The samples for this activity will be
obtained by a dry-coring technique and will be 6.1 cm
(2.4 in.) in diameter. Core samples obtained at this
time by coring in advance of blasting will have been

(¥e)
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baselined by the dry-coring prétofype test and will
reflect the preblast rock chemistry.

When samples are available after blasting or coring,
procedures for handling those samples are as follows.

A.

The preserved samples will be sealed in cellophane,
marked with indelible marker on tape, and placed in
storage containers. Methods to minimize the time spent
on these activities will be determined. At the same time
and location, complementary rubble will be collected,

sealed, marked, and placed in containers for archiving at
the Nevada Test Site.

The rubble will be transported to Mercury, Nevada, as
soon as possible after collection. A portion of the
rubble will be cored at the Holmes and Narver Laboratory.
The cores will be sealed in aluminum foil, capped, waxed
and packaged in containers for delivery to the Denver
Federal Center (DFC).

The rubble which is not cored at the Nevada Test Site
will be sealed in aluminum foil and waxed to preserve the
ambient pore-water characteristics and to minimize
evaporative losses. The rubble will be placed in
containers and placed on a vehicle for transportation to
the Denver Federal Center. '

The sealed and containerized core and rubble samples will
be transported to the Denver Federal Center in an air-
conditioned vehicle to insure core-water preservation
during the movement of the core from the Nevada Test Site
to the permanent storage facility in Denver. The methods
for transportation are detailed in Hydrologic Procedure
HP-131. Such procedures should be formulated prior to
ESF construction so that construction delays and costs
are minimized, and the samples obtained are of value.
Coordination with the sample overview committee is

required in order to preclude sample-handling and -
custody conflicts in the ESF.

As a first appraisal of the chemical analyses of the water,
the data will be checked for evidence of the components of the
explosive elements. ’

Stable hydrogen- and oxygen-isotope data can be plotted on
deuterium/oxygen-18 ratio diagrams in order to determine the
heating effect of the blasts on evaporation. This will be
accomplished by comparing these data with those obtained from
coring in advance of blasting. Isotopic data can also be plotted
against chemical composition as a check on trends determined
separately.
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Methods developed in the optimal rubble size prototype test
will be implemented in the ESF hydrochemistry tests.

3.8.3.5 Rubble coring

The purpose of the dry coring of rubble prototype test is to
develop procedures to obtain cored samples from rubble pieces
using dry-coring techniques. In order to determine the effect of
the coring technique on the pore-water chemistry, two different
categories of rubble pieces will be used. The first is a
reference rubble piece which will be obtained by chipping a
sample from the unblasted rock prior to the mining demonstration.
From this large rock piece, cores will be obtained both by dry
coring and by chipping with a chisel. The second category is
rubble produced by the mining demonstration. When the required
number of rubble pieces are obtained from the mining-
demonstration spoil, this rubble will be sealed and shipped to
the USGS Denver laboratory for dry coring. Upon receipt of the
rubble pieces at the Denver laboratory, coring will be performed.
In order to prevent excessive heat build-up and potential damage °
to the core bit, slow coring rates must be used. The final
coring rate will be determined from trial runs; however, a coring
rate of 400 r/min with an advancement rate of 0.003 cm (0.001
in.) per revolution has been found to be successful.

Coring with nitrogen-gas cooling using a coring machine is
preferred over the chipping method because the latter method is
labor-intensive. The latter method, however, is required for a
few samples to compare the water loss after coring and chipping
for verifying the coring method.

Analysis of the test will be done by measuring water content
of nearby pieces before and after the coring and chipping. The
chipping method assumes no water loss. Furthermore, water loss
can also be checked by 180/160 and D/H ratios of water before and
after coring and chipping. 1If significant water loss occurs
during coring, the stable-isotope ratio will become heavier
compared with the water before coring.

The techniques designed in the dry coring of rubble prototype
test will be used in the ESF hydrochemistry test.

3.8.3.6 Extraction of water from core and rubble-core samples

Four methods are available to extract water from unsaturated
tuffs: (1) triaxial compression, (2) high-speed centrifugation,
(3) vacuum distillation, and (4) immiscible displacement.
Triaxial compression involves placing a core sample in a
compression chamber and applying axial and confining pressures in
step increases to force water and air from the pore space (see
Figure 3.8-7). Using a sequence of step increases allows a
maximum amount of water to be recovered with a minimum potential
for rock/water interactions which might alter the original pore-
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\/, compression for hydrochemistry tests.
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pore-water composition (Axial pressure iIs increased in three
steps: _7.58 x 104, 1. l7xlO5 and 1.52x10° J/kg (kPa) (758,

1. 17x103 and 1. 52x10 bar) 11,000, 17,000, and 22,000 PSI; at
the same time, conflnlng pressure is increased from 8,000 to
9,000 PSI, 5.52x10% to 6.21x10% J/kg (552 to 621).] Different
core orientations (in relation to the tuff fabric) can also be
tested to optimize water recovery. The centrifugation method
uses the large centrifugal force developed in a high-speed (8,000
to 18,000 rpm) centrifuge to drive pore water out of a core (see
Figure 3.8-8). The removal process can be simple drainage, or an
immiscible fluid can be introduced to displace the pore water
during centrifugation. Centrifugation can be used on crushed or
broken samples as well as on intact core pieces. The
distillation method involves heating the core under a vacuum and
capturing the vaporized pore water in a low-temperature (-78 °C)
cold trap. The immiscible-displacement method uses an immiscible
fluid (usually a halogenated hydrocarbon) to displace pore water
from the core in a leaching process.

In extracting pore water from tuff samples, several of the
above methods can be used in sequence to achieve maximum water
recovery. A progression from triaxial compression to
centrifugation and finally to vacuum distillation for a single
sample ensures optimum water removal. This sequence also
represents a ranking from most desirable to least preferred of
the pore-water extraction methods. Triaxial compression is
favored over centrifugation for two major reasons.

(1) The forces acting on the core are much better understood
for triaxial compression than centrifugation; therefore,
more information about the actual pore-volume reduction
process that occurs within the core will be gained from
triaxial compression.

{2) The triaxial-compression method recovers gas from the
sample pore space, which is not possible using
centrifugation. The isotopic composition of the gas in
the sample is also useful in pore-fluid characterization.

Centrifugation, however, can be used on broken cores which are
unsuitable for triaxial compression. Triaxial compression and
centrifugation are preferred over vacuum distillation pore water
because cation and anion concentrations are needed for pore-water
characterization. Immiscible displacement is the least favored
method, because by forcing a new fluid through the sample, it
introduces additional potential for error--either by adding trace
water present in the immiscible fluid or by chemical reactions
between the immiscible fluid and the core. (Centrifugation would
be performed only using simple drainage and not incorporating an
immiscible fluid for this same reason.)

A representative water sample extracted from the core can be
verified in two ways. First, by taking water samples at each
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\/7 Figure 3.8-8. Diegram showing methods of centrifugation for hydrochemistry tests.
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pressure level during the triaxial compression procedure, a set
of chemical-concentration data relating cation and anion
concentrations to axial pressure will be available. If the ion
concentrations do not increase with increasing pressure, then the
triaxial compression process is not affecting the original pore-
water composition. (Also, if a sharp increase in concentration
is noted at a higher pressure level, future testing can secure
representative samples by holding pressures below that level.)
Present data do not indicate any correlation between increased
pressures and pore-water composition or spin rates and pore-water
composition, but that possibility is being assessed in the
prototype testing. Second, water-sample analyses from a core
which was extracted by centrifugation can be compared to analyses
from a nearby core used for triaxial compression. Although not
an unequivocal demonstration, similar chemical concentrations
obtained by both methods would, again, support the validity of
triaxial compression in producing representative samples (Yang
and others, in prep.).

The pore-water extraction by triaxial-compression prototype
test will determine proper extraction procedures to produce
representative water samples and will determine if a particular
rock-core orientation is more favorable than another for water
extraction. The methods developed during the prototype test will
be implemented during ESF hydrochemistry testing.

3.8.3.7 Analyses of water samples

Cation concentrations will be determined by using inductively
coupled plasma (ICP), and anion concentrations will be determined
using ion chromatography at the U.S. Geological Survey Central
Laboratory, Denver, Colorado. Stable-isotope ratios will be
analyzed using mass spectrometry by the U.S. Geological Survey
Research Laboratory, Reston, Virginia. Low-level-concentration
gas counters or liquid scintillation counters will be used to
determine tritium activity at the University of Miami, Miami,
Florida. Large carbon-14 samples will be analvzed using
conventional gas-counting methods by Geochron, Inc. in Boston,
Massachusetts. Small carbon-1l4 samples will be analyzed by
tandem-accelerator mass spectrometry (TAMS) at the University of
Arizona, Tucson, Arizona. Chlorine-36 will be analyzed using
TAMS at the University of Rochester, Rochester, New York. Argon-
39 and krypton-8l will be purged out of the water samples and
processed and measured by proportional counter at the University
~of Bern, Switzerland. All water samples will be analyzed for the
presence of tracers (chloride, bromide, nitrate, borare, etc.),
using gas chromatography-mass spectrometry (GCMS) and high-

pressure liquid chromatography (HPLC) by a subcontractor
laboratory.

For water sample dating, carbon-1l4 and tritium are preferred
over argon-39 and krypton-8l. Because argon and krypton are so
insoluble in water., a very large volume of water would be
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necessary to use these isotopes for sample-age dating. It is
doubtful that such a large amount of water could be obtained. 1In
addition, argon-39 and krypton-81 are counted in a conventional
gas counter; small sample volumes cannot be measured. Carbon-14
and tritium require much smaller sample volumes because they are
measured by the TAMS method. Furthermore, argon-39 has an
additional drawback in that it can also be produced by in situ
neutron activation in the subsurface which may interfere with the
measurement of cosmogenic argon-39. Chlorine-36 for age dating
is also dependent on the extent of in situ production in the
subsurface. If this interference is minimal, chlorine-36 will be
used for water-age dating. Oxygen-18/oxygen-16, carbon-
13/carbon-12, and deuterium/hydrogen stable-isotope ratios are
preferred over other stable-isotope ratios because more
background data are available, and standard analysis techniques
already exist for these isotopes. Use of ICP, ion
chromatography, GCMS, HPLC, and TAMS are preferred over atomic
adsorption because these techniques can analyze more than one
element at a time, whereas atomic adsorption must determine each
element individually and so would require much more time to
complete an analysis.

Carbon-14 dating will determine the age of the water in the
unsaturated zone, and tritium will be analyzed for use as an
indicator of recent meteoric water. Stable-isotope ratios will -
provide information on the flow path of the water through the
unsaturated zone and any high-temperature rock/water ’
interactions. Age and flow-path length together will be used to
estimate travel times of water in the unsaturated zone. Ion
concentrations will provide information about chemical processes
involving the rock matrix and pore water. Tracer concentrations
will help determine the effects of excavation/operations of the
exploratory shaft on water in the unsaturated zone. Refer also
to Section 3.8.2 for more deteil concerning the uses of the
chemical and isotopic analyses of pore water.

3.8.3.8 Methods summary

The parameters to be determined by the tests and analyses
described in the above sections are summarized in Table 3.8-2.
Also listed are the selected and alternate methods for
determining the parameters and the current estimate of the
parameter-value range. The alternate methods will be utilized
only if the primary (selected) method is impractical to measure
the parameter(s) of interest. In some cases, there are many
approaches to conducting the test. In those cases, only the most
common- methods are included in the tables. The selected methods
in Table 3.8-2 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 feel
are suitable to provide accurate data within the expected range
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Table 3.2-2. <Sunmary of tests anc methoos fer the hvdgrochemistry-tests

(SCP 8.3.1.2.2.4.8) ir the exploratory shaft

(Note: Dashes (--) indicate information is not available ang to be determined.)

Methods (selected and alternate)

Site-characterization
parameter

_Expected range

Age dating of carbon dioxide gas sampies
using conventional gas counter
(selected)

Age dating by scintillation counting of
tritiun in water vapor
(setected)

Stabie-isotopes anatyses (C-18/0-16 and D/H
in water vapor, C-13/C-12 in carbon dioxidae
gas)

(selected)

Gas composition (including tracers) by pas
chromatography
(selected)

Argon-39 dating of gas
{alternate)

Hydrochemical determination by sampie
analysis and model ing
(selected)

Hydrologic cdetermination, other activities
(alternate)

Mass spectrometry
talternate)

Hydrochemical determination by sample
analysis and moaeling
(selected)

Hydrologic determination, other activities
(alternate)

Analvses of gas samoles

Radiocactive-isotope activity

Stable isotopes

Pore-gas composition

Radicactive-isotope activity

Flow paths, hydrochemical
determination

Stable isotopes

Travel times, hyarochemical
determination

1,000 yr to 50,000 yr

Up to 50 yr

*8a,165: 0 10 -5

per mil

D/H: 0 to -200 per mil
3e/1%; -7 to -28
per mit '

€O, - 0 to 2%
cH, - 0 toS ppm
Hy - 0 to S ppm

Up to 1,000 yr

C02 - 0 to 2%
CH, - 0 to 5 pom
Hy - 0 to S pom
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Summarv of tests and metnods for the nvdrochemistry-tests

(SCP 8.3.°.2.2.4.8) in the expioratery snaft--Cortinueq

RO

Methods (selectea and alternate)

Site-characterization
parameter

Expected range

Coring with nitrogen-gas cooling using
coring machine
(selected)

Chip cores with chisel and saw
. (alternate)

Carbon-14 dating on ground water
(selected)

Age-dating of carbon dioxide in water
samples using tandem-accelerator mass
spectometry

(selected)

Tritium dating of ground water
(selected)

Stabte-isotope analyses (.5: 15:, o/E,
ang C-13/C-12 raties)
(selecteq)

1CP and ion chromatogracny
(selected)

Chlorine-36 dating of ground water
(alternate)

Argon-39 dating of ground water
(alternate)

Mass spectrometry for other staole isotopes

(alternate)

Rubble coring

Moisture Loss (water content,
897365 ana O/K ratios)

Moisture less (water cantent
130/'60 ana D/H raties)

Analyses of water samoles

Radicactive-isotope activity

Stable-isotope ratio analyses

Water guatity, cations ana
anicns

Radioactive-isotope activity

Stable isctozes:

¥85,165; 6 to -20

per mit

D/H: 0 to -200 per mil
8a/%62: 0 1o -2
zer mi|

D/H: 0 to -220 per mil

+,000 to 50,000 yr

Up to 150 yr

“897%€0; 0 to -20
zer mii

S/H: § to -Z00 per mit
0 to 500 mg/L

Up to 900,000 vyr

Up to 1,CC0 yr
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Table 3.8-2. Summarv of tests and methods for the hydrocmemistry-tests
(SC> 8.3.1.2.2.4.8) ‘n the exploratory snhaft--Czntinued

Methoas (selected and alternate) Site-characterization Expected range
parameter

tnalyses of water samples

Atomic adsorption Water quality, cations and 0 to 500 mgsL
(alternate) anions
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of the site-characterization parameter. Models and analytical
techniques have been or will be developed to be consistent with
test results, The expected ranges of the site-characterization
parameter have been bracketed by previous data collection and
computer modeling and are shown in Table 3.8-2.

3.8.4 Technical procedures and quality-assurance levels

The USGS quality-assurance program plan for the YMP (USGS, 1986)
requires assignment. justification, and documentation of quality
levels to activities that affect quality; and documentation of
technical procedures for all technical activities that requlre

quality assurance.

Table 3.8-3 provides a complete tabulation of quality-assurance
level-assignment (YMP-QALA-) numbers and technical procedures
applicable to this activity. Approved procedures are identified with
a USGS number and a procedure effective date. Procedures that
require preparation do not have procedure numbers.

Procedures that are identified as "needed" in the table will be
completed and available 30 days (for standard procedures) or 60 days
(for non-standard procedures) before the associated testing is
started. Many of the needed technical procedures depend on the
results of ongoing prototype testing and cannot be completed until
work is done.

Applicable quality-assurance procedures are presented in Appendix
7.1. Completed quality-assurance level assignments are presen:ed in
Appendix 7.2,

Equipment requirements and instrument calibration are described
in the technical procedures. Lists of equipment and stepwise
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 includgd in these documents.
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Table 3.8-3. Technical procedures and guality-assurance levei
assignments for nydrochemistry tests (8.3.1.2.2.4.8)
{Dashes (--) indicate information is not available and to be determined. Cuality-assurance
level-assignment numoers are lListed with the test/analysis title.}

Technical procedure

Technical procedure Effective
number (NWM-USGS-) date
Collection and transport of gas samples from radisl boreholes
NNWSI-QALA-6922G-01-15, RO
HP-56,R1 Gas and water-vapor sampling from unsaturated-zone test 04715788
holes
Needed Data archiving, shipping, and handting procedure ..
Preparation of gas samples for anatysis
NNWS I -CALA-6922G-01-16, RO
HP-86,R0O Method for degassing carbon dioxide and water (vapor) 05/16/88
samples from unsaturated-zone test holes
Analyses of gas samoles
NNWS1-CALA-69226-01-16, RO
¥P-07,R0 Use of a trace gas for determining atmospheric 09/30/87
contamination in a dry-drilled borehote
HP-127,R0 Carbon- 14 dating by tarciem acceleration mass spectrometer in prec.
Needed Data archiving, shipping, and handling procedure -
Needeg Procedure for analysis of constituent stable isotopes of -
water
(’
HP-160,R3 Methoas for collection and analysis of samples for gas 06/16/88
composition by gas chromatography
. Collection and transport of core snd rubble samples
NNWSI-QALA-6922G-01-17, RO
HP-12,R3 Methoc for collection, processing, and handling of dritl C6/s08/88

cuttings ana core from unsaturated-zone boreholes at the
well site, NTS
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Table 3.8-3. Technical procedures and guality-assurance level

assignments for hydrochemistry tests ¢(8.3.1.2.2.4.8)--Continueg

Technical procedure Technical procedure . Effective
number (NWM-USGS-) . date

Collection and transport c¢f core snd rubble samples
NNWS1-QALA-6922G-01-17, RO

KP-131,R0 Methods for handling and transporting unsaturated-core and 06/13/E8
rubble samples for hydrochemical analysis

Rubble coring
NNWST-QALA-6922G-01-17, RO

Needed Air coring of 6.35-cm cores from rubble --

Extraction of water from core and rubble-core samoles
NNWSI-QALA-6922G-01-17, RO

\_/‘ HP=110,R0 Extraction of pore waters by centrifuge methods 06/08/88

RP-125,R0 Method for extraction of pore water from tuff cores by 05720788
: triaxial compression

HP-126 R0 Extraction of residual water from tuff samples by vacuum 06/715/88

distillation

Anslyses of water samples
NNWS1-QALA-6922G-01-17, RO

. #P-08,R0 Methods for determination of inorganic substances in water 08/06/82
HP-11,R0 Methods for determination of radicactive substances in water  06/18/82
WP-127,R) Carbon-14 dating by tancem acceleration mass spectrometer In prep.
Neeged Data archiving, shipping, and hancting procedure i
Neegea Method for analyzing water samles" for C1-36 .-
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Table 3.8-3. Technical procedures and quslity-assurance level
assignments for hydrochemistry tests (8.3.1.2.2.4.8)--Continued

Technical grocedure
number (NWM-USGS-)

Technical procedure

Effective
date

Needed

Needed

Analyses of water samples
NNWS1-CALA-49226-01-17, RO

Procedure for analysis of constituent stable isotopes of
water :

Procedure for determining the presence of tracers in
pore-water samples
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3.9 Multipurpose-borehole testing near the exploratory shafts

3.9.1 Objectives
The objectives of this activity are to

1. monitor and evaluate potential hydrologic and eﬁgineering
interference effects from exploratory-shaft (ES) construction
on ES testing;

2. evaluate the effects of site (surface) preparation and
exploratory-shaft facility (ESF) construction on ambient site
conditions, to provide hydrogeologic data for preliminary
site-characterization and performance assessment
calculations; :

3. identify possible intervals of perched water in the portion
of the unsaturated zone penetrated by the boreholes;

4. sample and test such intervals if present; and

5. confirm engineering and hydrologic properties upon which the
ESF design is based, and to identify any anomalous conditions
in the vicinity of the ESF.

3.9.2 Rationzle for activity selection

The multipurpose-borehole activity has been incorporated with the
present study to augment reference hydrologic and engineering
properties data in the immediate areas of ES-1 and ES-2 prior to
their construction; and to have monitoring holes in place, adjacent
to each shaft and below the area disturbed by surface construction
activities, that will allow the observation and measurement of any
changes in nearby ambient conditions that may result from shaft
construction. -

USW MP-1, adjacent to ES-1, is planned to be drilled first,
followed by USW MP-2, which will be adjacent to ES-2. Construction
of the ES-1 collar is planned to start after the completion of USW
MP-2 and is planned to precede the collar construction of ES-2 by
about two months. Construction of ES-2 is planned to proceed ahead
of ES-1 after the first few tens of meters to allow early access to
the main test levels. Information obtained in the boreholes may
prevent potentially costly delays in shaft construction if unexpected
conditions are encountered. The responses observed in USW MP-2
caused by the construction of ES-2 are expected to be similar to
those that might be later observed in USW MP-1 caused by the
construction of ES-1. Therefore, USW MP-2 may provide some lead
time, so that construction effects can be considered before ES-1
testing. The boreholes will be drilled concurrently if scheduling
problems dictate as long as there is a short lag time (such as a few
weeks) between common events of the two drilling activities. The
preferred schedule was constructed to facilitate a hydrogeologic
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knowledge transfer for completing USW MP-1 prior to the
drilling/coring of USW MP-2 (such as identifying perched-water zomes,
geologic structure. and significant lithologic variations in USW MP-
1; and attempting to stratigraphically locate those same features in
USW MP-2). A shortened lag time could still facilitate this need,
but completion of one borehole prior to the initiation of drilling
the other would provide the most comprehensive knowledge base of what
to expect in the second borehole.

A third multipurpose borehole may be drilled midway between ES-1
and ES-2, if further study demonstrates a need for direct observation
of the effects (shaft construction) between the two shafts. The
primary purpose of this borehole would be to attempt to identify, if
present, the impacts of construction activities in ES-2 on scientific
investigations in ES-1.

3.9.3 General approach and summary of tests and analyses

The organization of the multipurpose-borehole activity is
summarized in Figure 3.9-1. A descriptive heading for the tests and
analyses appears in the shadowed boxes of the second and fourth rows.
Below each test/analysis are the individual methods that will be
utilized during testing. Cross references to other study plans which
provide input to the tests also appear in Figure 3.9-1. The
objectives of the activity, parameter categories for design and
performance which are addressed by the activity, and the site
parameters measured during testing are summarized in Figure 3.9-2,
These appear in the boxes in the top left side, top right side, and

below the shadowed test/analysis boxes, respectively, in Figure 3.9-
2.

The overall structure of the planned activity in terms of methods
to be emploved and measurements to be made is summarized in Figures
3.9-1 and 3.9-2. Descriptions in the following sections are
organized on the basis of these charts. Methodology and parameter
information are tabulated as a means of summarizing the pertinent
relations among (1) the site 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.

Following the successful completion of the dry-drilled and/or
dry-cored prototype borehole, two multipurpose boreholes are planned
to be dry-drilled and spot-cored to achieve the objectives of this
activity. Construction activities are scheduled so that USW MP-1 is
planned to be drilled first, followed by USW MP-2. <Construction of
the ES-1 collar is planned to start after completion of USW MP-2,
approximately 2 months before collar construction of ES-2. Depth
penetration of ES-1 will precede ES-2 until a depth of about 30 m
(100 ft) is reached. At this level, tests will be conducted in the
radial boreholes in ES-1 ( see Section 3.4, radial borehole set
numbers 2 and 3) near the contact of the Tiva Canyon welded unit and
the Paintbrush nonwelded unit. Because ES-2 is designed to provide
quick access to the main test level, its construction will proceed
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Figure 3.9-1. Organization of the multipurpose-borehole activity, showing tests, analyses, and methods.
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Figure 3.9-2. Organization of the multipurpose-borehole activity. showing tests, analyses. and site parameters. The
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ahead of ES-1 after these first few tens of:meters due to testing
scheduled for ES-1. A third multipurpose borehole may be drilled.
midway between ES-1 and ES-2, as stated previously, and would be
completed as far ahead as practicable to the completed construction
of ES-2.

Construction activities at and near the exploratory-shaft
facility are expected to disturb local rock mechanical and hydrologic
properties during blasting and excavation and to introduce
significant quantities of water to the site surface for compaction of
the ESF pad, dust control, drilling, and mining. SCP Section 8.4.2.2
describes the planned activities. During the construction of the ESF
pad and shafts, the addition of fluids may result in areas of local
recharge and increases in flux rates near the surface. Preliminary
analyses of the infiltration of large amounts of added ponded surface
water through the unsaturated zone have been performed, and results
are summarized in SCP Section 8.4.3.2.1.1. Additional enalyses of
the movement of added construction water distant from the shaft are
described in SCP Section 8.4.3.2.1.3. 1In both cases, the preliminary
analyses suggest that the movement of fluids will be limited and that
the ability of the site to isolate waste will not be compromised.

The drilling of the multipurpose boreholes and the excavation of
the shafts will provide an opportunity to confirm the models of fluid
migration described above. The downward migration of surface water
will be evaluated by compiling saturation profiles for the
multipurpose boreholes through the upper unsaturated zone and by
analyzing samples for tracers added to the water. In addition,
sampling and observation in the exploratory shafts will provide
information on the extent of fluid migration. Because of wall
exposures, observations in the shafts may also provide data on flow
mechanisms (i.e., whether fracture or matrix flow i{s dominant).

The multipurpose boreholes are located to provide reference
information in the vicinity of ES-1 before shaft construction
activities and to provide a monitoring hole after shaft construction
activities begin. The pre-shaft-sinking results of the planned
neutron-moisture logging will serve as a baseline against which
construction-induced variations in moisture content may be -assessed.
If amounts of water are introduced by construction such that water
migrates outward from the shaft, or if water introduced at the
surface migrates downward, periodic logs may detect the moisture
front. Pneumatic testing will be conducted periodically to determine
resultant changes in bulk pneumatic permeability due to shaft
construction. USW MP-1 will provide for sampling and testing of any
perched-water 2ones encountered and for fluids introduced during the
construction of the pad or shafts, if saturated conditions are
reached. This borehole will be located outside the anticipated
modified permeability zone (MPZ) caused by construction of ES-1.
Analysis of the core samples obtained from USW MP-1 and USW MP-2 will
provide data for establishing pre-shaft in situ ambient conditions
and will become part of the site data base compiled in Activity
8.3.1.2.2.3.1 (Matrix hydrologic properties testing). Within each
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hydrostratigraphic unit, samples will be analyzed for the parameters
listed under this activity. In particular, matrix hydrologic
properties and moisture conditions will be characterized to establish
in situ conditions that can be correlated with the results of
geophysical testing.

USW MP-2 is located near ES-2 in order to provide confirmation of
conditions expected to be encountered during shaft-construction
activities. This borehole is designed to detect any anomalous
conditions, including perched water, that may be present at this
location. 1If large amounts of perched water are present in the ESF
vicinity, it will likely have been detected in USW MP-1. However,
even if perched water has not been detected in USW MP-1, continual
observations for indications of perched water will be conducted in
USW MP-2.

Neither of the two multipurpose boreholes will be permanently
instrumented. Although a permanently instrumented borehole could
provide a more sensitive means of monitoring moisture changes than
could neutron-moisture logs, the great length of time required to
establish re-equilibration makes such an approach impractical. The
open boreholes will allow flexibility in terms of follow-up packer
testing and neutron-moisture logging that a permanently instrumented
borehole could not accommodate. In addition, if saturated conditions
are present following the initiation of shaft construction, an open
borehole will allow access for the collection of water samples.

Drilling the boreholes will disturb in situ conditions in the
near-field rock mass adjacent to the boreholes. In addition,
nitrogen-injection testing could drive moisture away from the near-
field environment of the borehole. The dry drilling and coring
methods that will be used, however, are expected to minimize the
disturbance to the hydrologic system, and preinjection reference
information will be collected before nitrogen-injection testing.
This information will consist of laboratory measurements of moisture
content and matric potential from core and cuttings, and the
geophysical logging records correlated with these data. Although
these data will not directly address changes in moisture in
fractures, results of neutron-moisture logging may provide some
indication of moisture contents in fracture zones when compared to
fracture logs, video logs, and other geophysical logs.

The models of shaft construction effects developed from
observations in and around ES-1 (radial-borehole tests, excavation
effects test, and USW MP-1) and ES-2 (USW MP-2) can be applied to
help predict what these effects will be at the ESF main test level
(MTL). This approach will aid in confirming the appropriateness of
selected test locations at the MTL. In addition, distinctive tracers
will be included in all ESF construction fluids to help identify the
sources of any fluids introduced by construction that are sampled
during ESF excavation. If tracers are detected at proposed test
locations, this information will be used to help determine the
suitability of proposed test locations.
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A third multipurpose borehole mav be drilled as close as
practicable to the midpoint between ES-1 and ES-2 if further study
indicates a need for such a borehole. The primary purpose of this
borehole would be to attempt to assess the impact of construction
activities in ES-2 on investigations in ES-1. Preliminary modeling
(SCP Section 8.4.3.3) results indicate that any expected fluid loss
from construction activities in ES-2 would not migrate the 30 to 45 m
(100 to 150 ft) from the shaft to the additional borehole. Direct
measurements of the effects of ES-2, if present, and confirmation of
modeling results, however, are possible; and other effects might be
detectable by a multipurpose borehole at this location, such as
changes in bulk pneumatic permeability. A decision on the need for a
third multipurpose borehole will be made, based on additional
analyses, prior to construction of ES-2. This decision will be based
on the results of further study that may demonstrate the need for
direct observation of the effects (shaft construction) between the
two shafts. ’

Immediately after .the drilling, a standard suite of geophysical
logs will be run in each borehole. The primary purpose of
geophysical logs is to obtain a continuous record of the properties
of each geohydrologic unit penetrated during drilling and to document
borehole conditions. These records will be correlated with rock
matrix-hydrologic and physical properties data to evaluate the
distribution of the values of these properties in the geohydrologic
units encountered, to assist in identifying and characterizing
possible perched-water zones, and to assist in choosing intervals for
packer gas-injection tests. Outside this study, the geophysical logs

.will be used for correlation of hydrogeologic units (8.3.1.2.2.3.2)

and geologic units (8.3.1.4.2.1.3).

‘A borehole lithologic log will be compiled from examination of
drill-bit cuttings and core. A core fracture log of observed
fracture characteristics will also be prepared. Both logs will
provide input data for the evaluation of hydrologic- and engineering-
properties conditions at the ES-1 and ES-2 sites. On-site
observations of core fractures, in conjunction with down-hole
television logs, will aid in selection of packer gas-injection
testing intervals.

Values of rock-matrix hydrologic and physical properties testing
will augment the reference data base upon which the ESF design is
based and will indicate zones of unexpected or anomalous values of
these properties that may exist at the shaft sites.

In the event that perched-water zones are encountered in the
boreholes, water samples will be collected, flow-rate measurements
will be made, and hydrologic and hydrochemical properties of the
zones will be determined. The resulting data will be of importance
to shaft construction and performance assessment.

Following borehole completion, formation-gas sampling and
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analysis will be conducted to evaluate gaseous-phase chemistry in the
vicinity of the boreholes so that a baseline can be established.

Following drilling, geophysical logging, gas sampling, and packer
gas-injection testing in each hydrogeologic unit will be conducted to
establish a reference pre-construction data base for bulk pneumatic
permeabilities of the units. Periodic retesting will be conducted to
determine if pneumatic permeability changes occur due to shaft
construction.

3.9.3.1 Borehole drilling and coring

Drilling will provide access to the unsaturated zone adjacent
to ES-1 and ES-2, thus making it possible to (1) define structure
and stratigraphy; (2) recover cores and drill-bit cuttings for
laboratory measurement of matrix-hydrologic, chemical, and
physical properties; (3) determine saturation of each
geochydrologic unit as a function of depth; (4) perform in situ
pneumatic tests to evaluate gas-permeability characteristics of
the combined matrix and fracture systems; (5) recover matrix pore
water and in situ gases for age dating and hydrochemical
analysis; (6) visually observe and record the density and
orientation of fractures with depth; "and (7) conduct geophysical
logging, thermal surveys, and borehole video surveys.

Two multipurpose boreholes (USW MP-1 and USW MP-2) will be
emplaced using dry-drilling and spot-coring techniques. Both
boreholes will be located and constructed such that they do not
penetrate within a distance of either of the two shaft or drift
diameters of any planned man-made underground openings. USW MP-1
will be located near ES-1 and USW MP-2 near ES-2 (Figure 3.9-3).
Each will be approximately 15 to 18 m (50 to 60 ft) from the
corresponding shaft: USW MP-1 to the south of ES-1, and USW MP-2
to the southeast of ES-2. Both boreholes will be approximately
20 cm (8 in.) in diameter and will be drilled approximately to
the corresponding shaft depths, with walls as smooth as
practicable to maximize the quality of geophysical logging and
provide adequate packer seats. The planned coring program in USW
MP-1 is more extensive than that planned for USW MP-2. USW MP-1
will be drilled first, spot-cored throughout (approximately 0.3
to 0.6 m (1 to 2 ft) of each 3 m {10 ft] will be cored) and
continuously cored, if feasible, through the Yucca Mountain and
Pah Canyon members of the Paintbrush Tuff, through intervals
bracketing the upper demonstration breakout room and the MTL, and
through intervals with potential for perched water (see Figures
3.4-3 and 3.4-4). The amount of coring planned in USW MP-1 . is
estimated to be 128 m (420 ft) of the total 335 m (1,100 f£t)
drilled. USW MP-2 will be spot-cored or continuously cored as
deemed necessary or practical based on experience from drilling
of USW MP-1. or upon finding any indication of perched water.

Both boreholes will be drilled such that the drilling svstem
emploved will minimize changes in the water content of cores,
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drill-bit cuttings, and the rock mass adjacent to the borehole.
There are two proven methods of drilling with air in the
unsaturated zone at the Nevada Test Site; the dual-wall, reverse-
vacuum, rotary system and the Odex system. A third method of dry
drilling and coring which uses a dual-wall, reverse-circulation,
down-hole hammer technique may also prove to be suited to
drilling needs at Yucca Mountain. At present, only the dual-
wall, reverse-vacuum, rotary system has been used at the Nevada
Test Site to reach depths necessary for the boreholes (about 335
m {1,100 ft]). It is difficult to obtain suitable core samples
using this method, however. The Odex system has been used to
depths of 158 m with excellent coring results, but some doubt
exists as to the feasibility of reaching depths in excess of 300
m (1,000 ft). Standard drilling technology is capable of
drilling dry holes to the depths planned for the multipurpose
boreholes, but the amount of core obtained may be a function of
the selected drilling/coring method. For this reason, prototype
testing of the downhole-hammer method may be conducted prior to
the initiation of the multipurpose borehole drilling/coring
program to assist in method selection. Greater numbers of core
samples obtained will enhance correlations of in situ
measurements with geophysical-logging data.

3.9.3.2 Borehole deviation survey, geophysical logging, thermal
surveys, and video surveys

Both USW MP-1 and USW MP-2 will be logged with a
deviatometer. This procedure is essential for plotting the
three-dimensional locations of the boreholes relative to ES-1 and
ES-2, as input to observations and measurements carried out in
the multipurpose boreholes during the construction of the shafts.
If survey results indicate that the boreholes have diverted from
their target locations, standard drilling techniques (such as
setting wedges or utilizing gyroscopic drilling measures) will be
used to ensure proper orientation of the borehole.

A standard suite of geophysical logs will be run in each of
the boreholes following completion of drilling. Included in this
suite will be the following log types: caliper, neutron, gamma-
gamma (density), induction, gamma-ray (natural), gamma-ray
(spectral), temperature, and dielectric logs. The uses of the
above logs, their operational principles, and required borehole
conditions are discussed in the Site Vertical Borehole Studies
Activity of Study Plan 8.3.1.2.2.3. Radially (side scan viewing)
and axially (forward viewing) oriented television camera logs of
each borehole will also be run. These will be used for mapping
fracture orientations, distributions, and densities. Neutron-
moisture logs will be run periodically during and after the
drilling period to monitor any changes in water-content profiles.
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3.9.3.3 Determination of lithology, hydrogeologic contacts,
hydrologic measurements, and fracture frequency, spacing,
and orientation

Controls will be implemented during drilling to insure that
(1) cuttings and core samples are representative of natural
conditions in sampled intervals; (2) drilling progress is
monitored in a timely fashion so that sampling adequately
characterizes lithologic and hydrologic variations with depth;
and (3) samples ‘are properly identified, labeled, and controlled.
The controls are designed to minimize information loss and the
introduction of spurious and misleading information. These
controls are treated in detail in the Site Vertical Boreholes
Activity of Study Plan 8.3.1.2.2.3 and are summarized briefly
below.

Preliminary sample depth, number, and type will be determined
by the Principal Investigator in coordination with the Sample
Oversight Committee and recorded in the drilling criteria letter
and work plan prior to the start of drilling. The drilling
contractor will be responsible for producing samples of drill-bit
cuttings and cores as specified in the work plan. After the
samples are obtained by the drilling contractor, logged and
photographed by staff of the Sample Management Facility, and
provided on site to the USGS, necessary steps to prevent
evaporation from the samples will be taken. Both drill-bitc
cuttings and core will be processed in & manner such that
evaporation -is minimized. On-site lithologic descriptions will
be done to guide the collection of core samples. A current on-
site lithologic log will be used to determine when the borehole
has reached a predetermined unit where cores are to be collected.

On-site hydrologic measurements will consist of the
determination of gravimetric moisture content from a small but
adequate amount of drill-bit cuttings taken for this purpose.
This is accomplished on site in order to minimize evaporation
prior to obtaining the wet weight of the cuttings. The cuttings
will then be dried in an oven to obtain the dry weight. After
the sample has been weighed, it will be discarded.

A lithologic log will be compiled by examining and testing
drill-bit cuttings and cores collected from USW MP-1 and USW
MP-2. The descriptive log for the rocks penetrated in each
borehole will include a lithologic description versus depth,
thickness and depth of each unit, and a description of associated
physical and hyvdrologic characteristics. A core fracture log for
each borehole will include a description of observed fractures,
to include depth, abundance, geometry, and physical and
mineralogical characteristics. This information will be combined
with the results of downhole television surveys to produce a
fracture log for each borehole.
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3.9.3.4 Rock-matrix hydrologic and physical properties

The determination of rock-matrix hydrologic and physical
properties by laboratory analysis is essential to characterizing
the ambient hydrologic and physical properties of the unsaturated
zone near the sites of ES-1 and ES-2. Matrix-hydrologic
properties will play an important role in interpreting the
results of the packer gas-injection tests, neutron logs, and
other hydrologic tests conducted in perched-water zones. Data
collected in this test will also augment the matrix-hydrologic
data base in Study 8.3.1.2.3.3 (Yucca Mountain unsaturated-zone
percolation, surface-based studies) and the physical-properties
data base of Investigation 8.3.1.15.1 (Spatial distribution of
thermal and mechanical properties).

Matrix hydrologic properties (including water content,
permeability, and storage properties) and physical-rock
properties (such as bulk density and fracture frequency,
orientation, and spacing) for each geohydrologic unit will be
measured in the laboratory. 1In the initial stages of these
tests, the results of analyses will be compared to the results of
borehole-geophysical logging in order to establish a quantitative
correlation between measured laboratory values and geophysical
logs. After the geophysical logs are calibrated for the physical
and hydrologic parameters of interest, it is envisioned that
geophysical logging can be used to support studies of conditions
in the shaft, and monitoring of USW MP-1 and USW MP-2 during
shaft construction.

Matrix hydrologic-properties testing will be performed
according to the laboratory procedures described in the matrix-
hydrologic-properties testing activity of Study Plan 8.3.1.2.2.3.
Properties measured will include gravimetric and volumetric water
content, bulk and grain density, water potential, matric
potential, matrix permeability, relative permeability, moisture
retention, total porosity, and effective porosity.

Thermal and mechanical rock properties testing will be
performed according to laboratory procedures described in SCP
Investigation 8.3.1.15.1. Properties measured will include
thermal conductivity, heat capacity, coefficient of thermal
expansion, Poisson’s ratio, Young's modulus, deformation modulus,
compressive strength, angle of internal friction, and various
fracture mechanical properties.

3.9.3.5 Perched-water sampling and hydrochemical analysis

If perched water is detected during the process of drilling
either of the two multipurpose boreholes, drilling operations
will be interrupted, and a program of sampling and testing within
the perched-water zone will be implemented (as defined in Study
Plan 8.3.1.2.2.3). The occurrence of perched water may be first
detected by a change in drilling response such as the bit
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"balling up." This condition may be due to moisture and fine
particles collating to form a mud which causes a reduction in
drill-bit cuttings being removed from the borehole, and results
in slower drilling rates. Other evidence includes cuttings
clogging parts of the return lines or separator due to moisture,
and cuttings appearing to be moist or wet or feeling damp when
squeezed in an observer’s hand. '

The first course of action in the event perched water is
encountered would be to attempt to obtain a water sample,
possibly by means of a bailer or other type of down-hole sampler.
A water sample must be collected with minimal delay before
possible drainage of a small perched-water zone. If sufficient
water 1s present to conduct aquifer testing, testing will be
initiated, and additional water samples will be collected
periodically.

Because of the loss of large quantities of drilling fluid
used during construction of a nearby test hole (USW G-4), it is
possible that if perched water is detected in either of the two
multipurpose boreholes, it may be the result of lost drilling
fluids from USW G-4. Drilling fluids used in USW G-4 contained
20 ppm LiBr tracer, and analyses for this tracer will establish
vhether any perched-water samples contain drilling fluid that has
migrated laterally from USW G-4 to areas of the ESF. The
multipurpose boreholes may provide data to support the
finalization of plans for the perched-water activity (Section
3.7). :

Analysis of perched-water samples for ionic concentrations,
stable-isotope ratios, radioactive isotopes, and tracers will be
performed according to the procedures specified in the aqueous-
phase chemical investigations activity of Study Plan 8.3.1.2.2.8

- (Hydrochemical characterization of the unsaturated zone).

3.9.3.6 Gas sampling and analysis

Formation gas sampling will be undertaken in order to
characterize preconstruction gaseous-phase chemistry in USW MP-1
and USW MP-2. This information will be used as a baseline
condition for multipurpose-borehole monitoring during the
construction of the shafts and also will augment the
hydrochemistry data base of the gaseous-phase chemical
investigations activity of Study Plan 8.3.1.2.2.8.

Gas samples from selected packed-off intervals of both
multipurpose boreholes will be extracted and prepared for
analysis according to procedures specified in the above activity.
The types of samples collected will be gas composition, carbon-
13/carbon-12 ratios, carbon-1l4, and water-vapor samples.

Analysis for air-coring contamination, stable-isotope ratios,
radioactive isotopes, and tracers will be performed in the
laboratories and according to the procedures specified in the
above activity in Study Plan 8.3.1.2.2.8.
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3.9.3.7 Packer gas-injection testing

To establish a preconstruction data set for bulk pneumatic
permeabilities, packer nitrogen-injection tests will be performed
in each of the boreholes following completion of drilling to
determine gas permeabilities of the combined fracture and rock-
matrix system. Multiple test zones will be selected for each
hydrogeologic unit. These zones will be tested with a straddle-
packer system consisting of a variable-length injection interval
and two observation intervals. All three intervals will be
equipped with thermocouple psychrometers (or other humidity
sensors), thermocouples, and pressure transducers. Observation
intervals will be monitored for evidence of bypass of the packers
from the injection interval. Flow rate and injection pressure of
the nitrogen gas will be monitored in either transient or steady-
state tests. The same procedure will be carried out at higher
flow rates and pressures for each tested interval to determine
the relationship of permeability versus flow rates and pressure.
During and after construction of the exploratory shafts,
additional periodic packer tests will be conducted to determine
any changes in gas permeabilities due to shaft construction.

Intervals within the radial boreholes may be used as
observation points for gas-injection tests conducted in USW MP-1
and USW MP-2 in the multipurpose-borehole testing activity.
Conversely, intervals in USW MP-1 and USW MP-2 may be used to
observe in situ pneumatic testing in radial-borehole tests. The
observations will aid in evaluating anisotropy in air
permeability, and asymmetry in air permeability in different
directions along the same flow paths.

3.9.3.8 Flow-rate measurements and aquifer tests

Flow-rate measurements and aquifer tests will be conducted in

perched-water zones (if encountered) if flow is sufficient.

Types of tests performed could include (but not be limited to)
constant-drawdown and constant-rate pumping tests and Theis
recovery tests. Tests would be conducted according to the
applicable procedures discussed in the perched-water test
activity (Section 3.7) of this study plan and in Study Plan
8.3.1.2.2.3, Unsaturated-zone percolation surface-based study.

3.9.3.9 Methods summary

The parameters to be determined by the tests and analyses
described in the above sections are summarized in Table 3.9-1.
Also listed are the selected and alternate methods for
determining the parameters and the current estimate of the
parameter-value range. Alternate methods may be utilized only if
selected methods are impractical to measure the parameter(s) of
interest. The selected methods in Table 3.9-1 were chosen wholly
or in part on the basis of accuracy, precision, duration of
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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. Models and analytical techniques
have been or will be developed to be consistent with test
results. The expected ranges of the site-characterization
parameter shall be bracketed by previous data collection and
computer modeling.

3.9.4 Technical procedures and quality-assurance levels

The USGS quality-assurance program plan for the YMP (USGS, 1986)
requires assignment, justification, and documentation of quality
levels to activities that affect quality; and documentation of
technical procedures for all technical activities that require
quality assurance.

Table 3.9-2 provides a tabulation of quality-assurance level-
assignment (YMP-QALA-) numbers and technical procedures applicable to
this activity. Approved procedures are identified with & USGS number
and a procedure effective date. Procedures that require preparation
do not have procedure numbers.

Procedures that are identified as "needed" in the table will be
completed and available 30 days (for standard procedures) or 60 days
(for non-standard procedures) before the associated testing is
started. Many of the needed technical procedures depend on the
results of ongoing prototype testing and cannot be completed until
work is done.

.Applicable quality-assurance procedures are presented in Appendix
7.1. Completed quality-assurance level assignments are presented in

Appendix 7.2.

Equipment requirements and instrument calibration are described
in the technical procedures. Lists of equipment end stepwise
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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Table 3.9-1. Sumnary of tests and methods for the multipurpose-borehole testing

{SCP 8.3.1.2.2.4.9) near the exploratory shaft

[Note: Dashes {--) indicate information is not available and to be determined.]

Methods (selected and alternate)

4 Site-characterization Expected range
parameter

Borehole-deviation survey geophysical logging, thermal surveys, and video surveys

Borehole thermal surveys to measure changes
in formation temperature with depth
(selected)

Neutron-moisture survey to determine
volumetric water content
(selected)

gorehole video surveys
(selected)

Other standard borehole geophysical methods
as described in SP 8.3.1.2.2.3.2 (site
“vertical-borehole studies)

(selected)

Temperature, fractured rock --

Moisture content, volumetric .-

Fracture frequency, ' .-
orientation, spscing,
distribution, and weathering

Depths to hydrogeologic .-
contacts

Lithology .-

Determination of lithology, hydrogeologic contacts, hydrologic measurements, and fracture fregquency, spacing,

On-site lithologic description and fracture
logging from cuttings and cores
(selected)

Off-site detailed examination for fracture
characteristics from core samples
(selected)

and orientation

Depths to hydrogeologic --
contacts

fracture frequency, --
orientation, spacing,
distribution, and weathering

Lithology -
Fracture frequency, -

orientation, spacing,
distribution, and weathering
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Table 3.9-1. Summary of tests and methods for the ..ltipurpose-borehcle testing
(SCP 8.3.1.2.2.4.9) nesr the explorstory shaft--Continued

—/

Methods (selected and alternate) Site-characterization Expected range
parameter

Determination of lithology, hydrogeolegic contacts, hydrolegic messurements, snd tracture frequency, spacing,
snd orientation

On-gite measurement of gravimetric moisture Moisture content, gravimetric ) .-
content of cuttings and cores. '
(selected)

Rock-matrix hydrologic and physical preperties

Measurement of rock-matrix hydreologic Bulk density, rock matrix .-
properties by methods described in SP S
8.3.1.2.2.3.1 (matrix-hydrologic properties

testing)
(selected)
" Grain density, rock matrix . .-
; " . | Matric potentisl, fractured o ..
\_/ rock units
" Matric potential, rock matrix .-
" Moisture content, gravimetric -
" Moisture content, volumetric -
" Poresity pore-size .-
distribution
" Poresity, effective . o .-
. " Porosity, total ’ it
‘ " Water potgntill, rock matrix .-
" Water potential, totsl -*

fractured rock
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rpose-borehole testin

Table 3.9-1. Sumary B g

(SCP 8.3.1.2.2.4.9) near the exploratory shaft--Continued

Methods (selected and alternate)

" site-characterization
parameter

Expected range

Perched-water sample collection by methods
described in Section 3.7 and analysis of

Perched-water samoling and asnalysis

formation water, cation and
anion chemistry

perched-water samples by methods applicable

to vertical boreholes, as described in SP

8.3.1.2.2.7
(selected)

Gas-sample collection and analysis of
samples by methods described in SP
8.3.1.2.2.7 (gaseous-phass chemical.
investigations activity)

(selected)

Packer gas-injection testing
(selectea)

Formation water, radicactive
and stabte-isotope composition

Gas samoting and analysis

Formation gas, radicactive
and stable-isotope composition

Packer gas-injection testing

8ulk permesbility, pneumatic

Flow-rate measurements and aquifer tests

Hydrologic testing of perched-water zones by
aquifer tests and packer-injection tests

(selected)

Discharge, perched-water zones

Hydraulic conductivity,
perched-water zones

Hydraulic head, perched-water
zones

3.9-18

January 3, 1989



YMP-USGS-SP 8.3.1.2.2.4, RO

Table 3.9-1. Sumary of tests snd methods for the multipurpose-borehole testing
(SCP B8.3.1.2.2.4.9) nesr the exploratory shaft--Continued

Methods (selected and aslternate) T Site-characterization ' Expec'ted range
paremeter

‘Flow-rate measurements and squifer tests

Hydrologic testing of perched-water zomes by Storage coefficient, ) .-
aquifer tests and packer-injection tests perched-water zones
(selected) )
" ] trpnémi:s!vify, perched-water .-
z0nes
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Table 3.9-2. Technical procedures and gusiity-sssurance {evel assignments for

multipurpose-borehole testing (8.3.1.2.2.4.9) near the exploratory shaft
{Dashes (--) indicate information is not availabls or to be determined. Ouality-assurance

level -assignment numbers are Listed with the test/analysis title.)

techn'icat procedure
numDer (NWM-USGS-)

Technical procedure . Effective
date

Needed
Needed

Needed

Borehole drilling and coring
YMP-QALA-£922-01-18,R0

Borehole cleaning and verification techniques --
Borehole drilting of perched-water zones .-

Borehole dry drilling and coring procedure: horizontal ano -
vertical holes

Borehote-deviation survey, geophysicat iogging, thermal surveys, and video surveys

GP-10,R0

GPP-12,R0
GPP=14,R0
GPP-15,R0
GPP-17,R0

HP-72,R0

Needed
Needed
Needed
Needed
Needed

HP-62,R4

YMP-GALA-6922-01-19,R0 |

Borehole video fracture logging 04712/85
Borehole gravity measurement and data reduction 03/20/85
Induced-polarization borehole logging operations 05/27/86
Hagnetic-susceptibility borehole logging operations 05/27/86
Magnetometer borehole logging operations 05/27/86
Operation of the Mt. Sopris I1 geophysical logging unit, in prep.

USGS Logging van (1-139055)
Borehole deviation surveys i

Calibration of nonconmercial togging tools -

Depth calibration of noncommercial logging tools .-
Method for calibrating temperature sensors .-
Borehole video survey .-
Method for measuring suésurface moisture content, using a 11/02/88

neutron moisture meter
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Table 3.9-2. lechnicsl procedures snd guality-sssursnce level sssignments for
mul tipurpose-borehote testing (8.3.1,2.2.4.9) near the explorstory shaft--Continued

Technical procedure - Technicsl procedure Effective
rumber (NWM-USGS-) ' date
Borehole-deviation survey, geoohvsical logging, thermal surveys, snd video surveys
YMP-QALA~6922-01-19,R0
Needed Sorehole thermal surveys ‘ | .-
Needed Borehole video and logging survey procedure: horizentsl .-

anc vertical holes

Needed Borehole geophysical logging precedure for horizontal and .-
vertical holes (FLS)

HP-95,R0 Neutren-moisture meter calibration (vertical holes) .
Determination of Llithol hydregeolegic contscts, hydrologic sessurements, end fracture frequency, spacing,
gnd orientation '
YHP-CALA-6922-01-20,R0
GP+11,R0 Logging fractures in core 05/15/85
HP-12,R3 ~ Method for collection, processing, and handling of drill 06/708/88

cuttings and core from unsaturated-zone boreholes at the
well site, NT$

HpP-32,R0 Method for monitoring moisture content of drill-bit 05/15/85
cuttings from the unsaturated zone

KP-73,RO Calibration and use of the Sartorius Electronic Toplosder 03/29/85
(balance) Model 1507 MP8

HP-74,R1 Method for the operation and maintenance of the 09/30/87
Stabil-Therm miniature batch cven in the determinstion of .
gravimetric uater con