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Table 2-2. Rationale for temperature ranges to be used in experiments.

Range Temperature
no. range Rationale

- __ _A& own t_ ___ .9I _. Ad _. t i … _
1 23-9U- Inis temperature range w auow us to

provide badkground data; assess
whether or not lower temperatures will
aid In the Isolation of the WP; and
assess the effect of geochemical changes
on mechanical properties that are
associated with increasing temperature
in this range.

2

3

90-150

15O-250

250-300

This temperature range will allow us to
determine the effect of boiling pore
water on rock properties; and assess the
effect of geochemical changes on
mechanical properties that are
associated with increasing temperature
In this range

This temperature range will allow us to
determine the effect of cristobalite and
other mineral phase transformations
on geomechanical properties; and
assess the effect of geochemical changes
on mechanical properties that are
associated with increasing temperature
in this range.

Elevated temperatures, when possible,
will allow us to drive mechanisms at
higher rates.

4

2-19 August 1992
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Table 2-3. Values of a: and ycorresponding to confidence levels defined by
issues.

Specified
confidence level a Y= (1 - a)

High 0.05 0.95
Medium 0.10 0.90
Low 0.5 0.75

Table 8.3 of Bowker and Lieberman (1972) can be used to obtain an estimate of
the number of samples (n) necessary to provide the required statistical
confidence in the parameter. However, for a heterogeneous and poorly
characterized material, such as rock from the potential repository horizon,
there is not enough information available regarding the variability of some
properties with which to reliably estimate a preliminary number of required
samples. Moreover, for other properties, the initial estimate of the standard
deviation is too high and/or the initial tolerance limit is too tight for this
approach to be applied directly. In both cases, an alternate approach has been
employed which, although arbitrary, will allow a preliminary sampling
strategy to be formulated. In the alternate approach, the required number of
initial experiments is estimated by determining the number of experiments
needed to attain a consistent but arbitrary tolerance limit (i.e., the k value).
Based upon engineering judgement, a value of k equal to 2.5 was selected for
determining the initial number of samples. For the three confidence levels,
the corresponding numbers of samples are 3[y 5 (1 - ca) = 0.751, 11[{ = (1- cx)
= 0.901, and 34Py = (I - a) = 0.95]. These three values have been rounded to 5,
10, and 35 for the convenience of this study. These numbers of samples are
consistent with previous testing experience with similar rocks and with the
number of samples required for adequate estimates of the mean and standard
deviation for the properties.

Table 1-1 shows that the needed confidence for thermal and mechanical
properties of the postemplacement WP environment is high, which implies
that for irradiation and drying/rewetting experiments n = 35 as shown in |
Table 2-1. This is consistent with the results of Durham et al. (1986) who

2-20



YMP4-6JL-SP 8.3.4.Z43, RI

7.0 References

Adams, F. D. (1912), "An Experimental Contribution to the Question of the
Depth of the Zone of Flow In the Earths Crust" 1. Geol. 20, 97-118. [readily
available]

Arulmoli, K, and C. M. St. John (1987), Analysis of Horizontal Waste
Emplacement Boreholes of a Nuclear Waste Repository in Tuff, SAND86-7133,
Sandia National Laboratories, Albuquerque, NM. [NNA.870601.00601

ASTM (American Society for Testing and Materials) (Philadelphia, PA). The
following Standard Test Methods have been cited In the text: D2664-86, D2938-86,
D3148-86, D4543-85. All are listed without dates because ASTM procedures are
reviewed periodically, with some reviews resulting in rewriting of one or more
of the methods. The most current version will be followed for each type of
experiment. [readily available]

Atkinson, B. K. (1984), "Subcritical Crack Growth in Geological Materials,"
J. Geophys. Res. 89(B6), 4077-4114. [NNA.890928.0105j

Atkinson, B. K., and P. G. Meredith (1987), Mhe Theory of Subcritical Crack
Growth with Applications to Minerals and Rocks," Fracture Mechanics of Rock,
Chapter 4, B. K. Atkinson, Ed. (Academic Press, London). NNA.920529.0028l

Bak, P., and K. Chen (1991), "Self-organized Criticality," Scientific American,
January, 46-53. (readily available]

Bauer, S. J., and L. S. Costin (1990), Thermal and Mechanical Codes First
Benchmark Exercise Part ii: Elastic Analysis, SAND89-0757, Sandia National
Laboratories, Albuquerque, NM. (NNA-900515.0143l

Berryman, J. G., and S. C. Blair (1986), "Use of Digital Image Analysis to Estimate
Fluid Permeability of Porous Materials: Application of Two-Point Correlation
Functions," Jour. Appl. Phys. 60(6), 1930-1938. (NNA.890928.0107l

Blair, S. C., and J. G. Berryman (1992), 'Permeability and Relative Permeability in
Rocks," Fault Mechanics and Transport Properties of Rocks, A Festschrift in
Honor of W. F. Brace, B. Evans and T.-F. Wong, Eds., (Academic Press, New
York), 169-186; also available as UCRL-JC-105242, Lawrence Livermore National
Laboratory, Livermore, CA. [NNA.920916.00041

Bowker, A. H., and G. . Lieberman (1972), Engineering Statistics (Prentice-Hall,
Englewood Cliffs, NJ). NNA.910405.00521

Brown, E. T., Ed. (1981), Rock Characterization, Testing, and Monitoring, ISRM
Suggested Methods, published for the Commission on Testing Methods, Int. Soc.
of Rock Mechanics (Pergamon Press, Oxford). NNA-890713.01941

7-1



YMP-AL-SP 8.3.4.2.43, RI

Charles, R. j. (1958), NStatc Fatigue of Glass," lour. of Appl. Phys. 29, 1549-1560.
[NNA90021600581

Chen, E. P. (1987), A Computational Model for Jointed Media with Orthogonal
Sets of Joints, SAND86-1122, Sandia National Laboratories, Albuquerque, NM.
[NNA.891020.01801

Christianson, M. C., and B. Brady (1989), Analysis of Alternative Waste Isolation
Concepts, NUREG/CR-5389, Office of Nuclear Material Safety and Safeguards,
(U.S. Nuclear Regulatory Commission, Washington, DC). NNA.890721.01841

Cohen, L H., and W. Klement, Jr., (1975), "Differential Thermal Analysis
Investigation of the High-Low Cristobalite Inversion under Hydrostatic Pressure
to 7 kbar," lour. Am. Cerm. Soc. 58(5-6), 206-208. [NNA890928.0109]

Costin, L. S. (1987), "Time-Dependent Deformation and Failure" in Fracture
Mechanics of Rock, B. K. Atkinson, Ed., (Academic Press, London), 167-215.
[NNA89092801101

Creveling, J. B., F. S. Shuri, K. M. Foster, and S. V. Mills (1984), In Situ Stress
Measurements at the Spent Fuel Test-Climax Facility, UCRL-15628, Lawrence
Livermore National Laboartory, Livermore, CA. NNA891106.02251

DOE (U.S. Department of Energy) (1988a), Site Characterization Plan, Yucca
Mountain Site, Nevada Research and Development Area, Nevada, DOE/RW-
0199, Office of Civilian Radioactive Waste Management, Washinton, DC.
(HQO.881201.00021

DOE (U.S. Department of Energy) (1988b), "General Guidelines for
Recommendation of Sites for Nuclear Waste Repositories," Code of Federal
Regulations, Energy, Title 10, Part 960, (Washington, DC). (Readily available)

DOE (U.S. Department of Energy) (1991), Reference nformation Base, Yucca
Mountain Project Characterization Office, YMP/CC-0002, Version 4, Rev. 3.
[NNA.890330.0070]

Durham, W. B., J. M. Beiriger, M. Axelrod, and S. Trettenero (1986), "The Effect of
Gamma Radiation on the Strength and Elasticity of Climax Stock and Westerly
Granites," Nuclear and Chemical Waste Management 6, 159-168. readily
available]

Evans, A. G. (1972), "A Method of Evaluating the Tne-Dependent Failure
Characteristics of Brittle Materials-And Its Application to Polycrystalline
Alumina," 1. Mater. Sci. 7, 1137-1146. [NNA.890928.0112J l

Ewy, R T., and N. G. W. Cook (1990a), "Deformation and Fracture around
Cylindrical Openings in Rock-I. Observations and Analysis of Deformations,"
Int. . Rock Mech. Min. Sci. & Geomech. Abstr. 27(5), 387-408. readily available)

7-2



I

Y*-VNL-SP 8.3.4.2.4.3, RI

Ewy, R. T., and N. G. W. Cook (1990b), "Deformation and Fracture around
Cylindrical Openings In Rock-IL Initiation, Growt, and Interaction of
Fractures," Ing. J. Rock Mech. Min. Sci. & Geomech. Absir. 27(5), 409-428. [readIly
available]

Goodman, R. E., and G. Shi (1985), Block Theory and Its Application to Rock
Engineering, (Prentice-Hall, Inc., Englewood Cliffs, NJ). [NNA.890522-02121 |

Guenot, A. (1987), Stress and Rupture Conditions around Oil Wellbores (in
French)," Proc. Sixth Ing. Congress on Rock Mechanks, Montreal, (Balkema,
Rotterdam), 109-118. [readily available]

Haimson, B. C., and C. G. Herrick (1985), "In Situ Stress Evaluation from
Borehole Breakouts, Experimental Studies," Proc. 26th U.S. Symposium on Rock
Mechanics, (Balkema, Rotterdam), 1207-1218. readily available]

Harrison-Giesler, D. J., R. P. Morissett, and L. J. Jardine (1991), Yucca Mountain
Site Characterization Project Waste Package Plan, YMP-90/62, UCRL-JC-106161,
Lawrence Livermore National Laboratory, Livermore, CA. NNA.920529.0030J

Hart, R. D., P. A. Cundall, and J. Lemos (1988), "Formulation of a Three-
Dimensional Distinct Element Model-Part 1: Mechanical Calculations for
Motion and Interaction of a System Composed of Many Polyhedral Blocks," Int. .
Rock Mech. Min. Si. & Geomech. Abstr. 25, 117-126. [readily available]

Heard, H. C., and L Page (1982), "Elastic Moduli, Thermal Expansion and Inferred
Permeability of Two Granites to 350C and 55 Megapascals," . Geophys. Res.
87(811), 9340-9348. NNA-890928.0114] l

Horii, H., and S. Nemat-Nasser (1985), "Compression Induced Miaocrack
Growth in Brittle Solids: Axial Splitting and Shear Failure," . Geophys. Res.
90(4), 3105-3125. [NNA.890928.0115]

Jaeger, J. C., and N. G. W. Cook (1976), Fundamentals of Rock Mechanics,
(Chapman and Hall, London). [NNA.9104120018-

Johnson, K, C. Voss, and D. Sherwood (1989), "A Sensitivity Study of Near-field
Thermomechanical Conditions in Tuff," Focus '89 Proc.: Nuclear Waste Isolation
in the Unsaturated Zone, Las Vegas, Nevada, September 18-21. [readily available)

Kana, D. D., B. H. G. Brady, B. W. Vanzant, and P. K Nair (1989), Critical
Assessment of Seismic and Geomechanics Literature Related to a High-Lead
Nuclear Waste Underground Repository, Nuclear Regulatory Commission,
Center for Nuclear Waste Regulatory Analyses, San Antonio, Texas.
[HQX910624.0018'

Keller, K, and B. P. Bonner (1985), "Automatic, Digital System for Profiling
Rough Surfaces, Rev. Sci. Instrum. 56, 330-331. NNA.900918.0020J

7-3



YMP-L-NL-SP 8.3.4.2.4.3, RI

Kemeny, J., and N. Cook (1990), 'Rock Mechanics and Crustal Stress,'
Demonstration of a Risk-Based Approach to High-Levd Waste Repository
Evaluation, R. K McGuire, Ed., EPRI NP-7057, Electric Power Research Institute,
Palo Alto, CA. [NNA.910813.00041

Lockner,1 D. A., J. D. Byerlee, V. Kuksenko, A. Ponomarev, and A. Sidoria (1991),
Quasi-Static Fault Growth and Shear Fracture Energy in Granite," Nature 330,

39-42. [readily available)

Meredith, P. K., and B. K Atkinson (1985), "Fracture Toughness and Subcritical
Crack Growth During High-Temperature Tensile Deformation of Westerly
Granite and Black Gabbro," Physics of the Earth and Planetary Interiors 39, 33-51.
[NNA.890928.0119]

Montazer, P., and W. E. Wilson (1984), Conceptual Hydrologic Model of Flow in
the Unsaturated Zone, Yucca Mountain, Nevada, Report 844345, Water
Resources Investigations, U.S. Geological Survey, Lakewood, CO.
[NNA.890327.0051J

Nimick, F. B. (1990), The Thermal Conductivity of the Topopah Spring Member
at Yucca Mountain, Nevada, SAND86-0090, Sandia National Laboratories,
Albuquerque, NM. [NNA.890516.01831

Nimick, F. B., R. G. Van Buskirk, A. F. McFarland (1987), Uniaxial and Triaxial
Compression Test Series on the Topopah Spring Member from USW G-2, Yucca
Mountain, Nevada, SAND85-0703, Sandia National Laboratories, Albuquerque,
NM. [NNA870710.0030]

NRC (National Research Council) (1990), Rethinking High-Level Radioactive
Waste Disposal. A Position Statement of the Board on Radioactive Waste
Management, Commission on Geosciences, Environment, and Resources,
National Research Council, (National Academy Press, Washington, DC).
[NNA.901031.0087, readily available]

NRC (Nuclear Regulatory Commission) (1988), 'Disposal of High-Level
Radioactive Wastes in Geologic Repositories; Licensing Procedures," Code of
Federal Regutations, Energy, Title 10, Part 60, (Washington, DC). [readily
available]

NRC (Nuclear Regulatory Commission) (1989), Site Characterization Analysis of
the Department of Energy's Site Characterization Plan, Yucca Mountain Site,
Nevada, NIJREG-1347, Division of High-Level Waste Management, Office of
Nuclear Material Safety and Safeguards, (U.S.-NRC, Washington, DC).
[NNA.891020.01611

NWPA (Nuclear Waste Policy Act of 1982) (1983), Public Law L97425, 96, Stat
2201, 42, USC 10101, (Washington, DC). readily available]

74



YMP-LVL-SP 8.34.2.43, RI

Olsson, W. A. (1987), Rock joint Compliance Studies, SAND860177, Sandia
National Laboratories, Albuquerque, NM. NNA.891019.02911

Olsson, W. A. (1988), Compliance and Strength of Artificial joints In Topopah
Spring Tuff, SAND88-60, Sandia National Laboratories, Albuquerque, NM.
[NNA.881202.02051

ONeal, W. C., D. W. Gregg, J. N. Hockman, E. W. Russell, and W. Stein (1984),
Preclosure Analysis of Conceptual Waste Pcage Designs for a Nuclear Waste
Repository in Tuff, UCRL-53595, Lawrence Livermore National Laboratory,
Livermore, CA. INNA.891026.00131

ONWI (Office of Nuclear Waste Isolation) (1983), VISCOT: A Two Dimensional
and Axisymmetric Nonlinear Transient Thermoviscoelastic and
Thermoviscoplastic Finite Element Code for Modeling Time-Dependent Viscous
Mechanical Behavior of a Rock Mass, ONWI-437, Battelle Memorial Institute,
Columbus, OH. [NNA.890327.0043]

Ortiz, T. S., R. L. Williams, F. B. Nimick, B. C. Whittet, and D. L South (1985), A
Three-Dimensional Model of Reference Thermal/Mechanical and Hydrotogic
Stratigraphy at Yucca Mountain, Southern Nevada, SAND84-1076, Sandia
National Laboratories, Albuquerque, NM. NA.890315.00131

Pittrnan, E. D., and R. W. Duschatko (1970), "'Use of Pore Casts and Scanning
Electron Miaoscope to Study Pore Geometry," Jour. Sed. Pet. 40(4), 1153-1157.
INNA.890928.01201

Price, R. H. (1983), Analysis of Rock Mechanics Properties of Volcanic Tuff Units
from Yucca Mountain, Nevada Test Site, SAND82-1315, Sandia National
Laboratories, Albuquerque, NM. [NNA.870406.0181f

Price, R H. (1986), Effects of Sample Size on the Mechanical Behavior of Topopah
Spring Tuff, SAND85-0709, Sandia National Laboratories, Albuquerque, NM.
[NNA.89110601251

Price, R H., F. B. Nimick, J. R. Connolly, K. Keil, B. M. Schwartz, and S. J. Spence
(1985), Preliminary Characterization of the Petrologic Bulk and Mechanical
Properties of a Lithophysal Zone within the Topopah Spring Member of the
Paintbrush Tuff, SAND84-0860, Sandia National Laboratories, Albyquerque, NM.
[NNA.870406.0156J

Price, R. H., J. R. Connolly, and K. Keil (1987), Petrologic and Mechanical
Properties of Outcrop Samples of the Welded, Devitrified Topopak Spring
Member of the Paintbrush Tuff, SAND86-1131, Sandia National Laboratories,
Albuquerque, NM. NNA.870601-0013]

Rice, J. R. (1968a), in Fracture, vol. 2, H. Lebowitz, Ed., (Academic Press, New
York), pp. 191-311. [readily available)

7-5



YMP-1 JL-SP 8.3.4.243, RI

Rice, J. X (968b), 1. Appl. Mech. 35, 379-86. (readily available]

Santavelli, F. J., and E. T. Brown (1987),"Performance of Deep Wellbores In Rock
with Confining Pressure-dependent Elastic Modulus,' Proc. Sixth Int. Congress
on Rock Mechanics, Montreal, (Balkema, Rotterdam), 1217-1222. [readily
available]

Schwartz, B. M. (1990), SNL Yucca Mountain Project Data Report: Density and
Porosity Data for Tuffs From the Unsaturated Zone at Yucca Mountain, Nevada,
SAND88-0811, Sandia National Laboratories, Albuquerque, NM.
[NNA.900108.0028J

Scott, R. B., and M. Catellanos (1984), Stratigraphic and Structural Relations of
Volcanic Rocks in Drill Holes USW GU-3 and USW G-3, Yucca Mountain, Nyc
County, Nevada, Open-File Report 84-491, U.S. Geological Survey, Denver, CO.
[NNA.870519.0095J

Shi, G., and R. E. Goodman (1988), "Discontinuous Deformation Analysis-A
New Method for Computing Stress, Strain and Sliding of the Block Systems," in
Proc. 29th U.S. Symposium on Rock Mechanics, Minneapolis, MN, (Balkema,
Rotterdam). [readily available]

Springer, J. E., R. K. Thorpe, and H. L. McKague (1986), Borehole Elongation and
Its Relation to Tectonic Stress at the Nevada Test Site, UCRL-94156, Lawrence
Livermore National Laboratory, Livermore, CA. [NNA.920916.0007]

Starfield, A. M., and P. A. Cundall (1988), "Towards a Methodology for Rock
Mechanics Modelling," Int. . Rock Mech. Min. Sci. & Geomech. Abstr. 25(3), 99-
106. [NNA.900122.0019]

Sun, Z., and F. Ouchterlony (1986), 'Fracture Toughness of Stripa Granite Cores"'
Int. 1. Rock Mech. Min. Sci. & Geomech. Abstr. 23(6), 399409. [readily available]

Tapponnier, P., and W. F. Brace (1976), "Development of Stress-Induced
Microcracks in Westerly Granite," Int. 1. Rock Mech. Min. Sci. 13, 103-11.
[readily available]

Vardoulakis, I., J. Sulem, A. Guenot (1988), "Borehole Instabilities as Bifurcation
Phenomena," Int. . Rock Mech. Min. Sci. & Geomech. Abstr. 25(3), 159-170.
[readily available]

Wilder, D. G. (1979), Influence of Jointing on Stress and Strain Response During
Underground Excavation for Test Storage of Spent Reactor Fuel, UCRL-82742,
Lawrence Livermore National Laboratory, Livermore, CA. NNA.890928.01221

Williams, D. P., and A. G. Evans (1973), "A Simple Method for Studying Slow
Crack Growth," . Test. Eval. 1, 264-270. [NNA.890928.01231

7-6



I

YMP-tzL-SP 8.3.4.2.4.3, RI

Yow, J. L., and R. E. Goodman (198, "A Ground Reaction Curve Based upon
Block Theory," Rock Mechanics and Rock Engineering 20, 167-190.
[NNA.890928.0124

Zheng, Z., N. G. W. Cook, and L R. Myer (1989), "Stress Induced Microcrack
Geometry at Failure in Unconfined and Confined Axial Compressive Tests,"
Proc. of the 30th U.S. Symposium on Rock Mechanics, Morgantown, WV, A.
Wahab Khair, Ed., (A. A. Balkema/Rotterdam/Brookfield), 749-756.
INNA.920916.00031

Zimmerman, R. M., M. L Blandford, J. F. Holland, R. L. Schuch, and
W. H. Barrett (1986a), Final Report G-Tunnel Small-Diameter Heater
Experiments, SAND84-2621, Sandia National Laboratories, Albuquerque, NM.
(HQS.880517.2365]

Zimmerman, R. M., R. L. Schuch, D. S. Mason, M. L. Wilson, M. E. Hall,
M. P. Board, R. P. Bellman, and M. L. Blanford (986b), Final Report: G-Tunnel
Heated Block Experiment, SAND84-2620, Sandia National Laboratories,
Albuquerque, NM. HQS.880517.1724]

7-7



LLNUSP4.3.4.2.4.3, RI

-Me following if for the Office of Civilian Radioactive Waste Management Records

management purposes only and should not be used when ordering dis document

Accession number. NNA.930323.0069


