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SECTION 1
INTRODUCTION

MIGHTY EPIC was a nuclear weapons effects test sponsored by the Defense Nu-
clear Agency (DNA). It was executed 12 May 1976 in the U12n.10 tunnel drift at
the Nevada Test Site (NTS).

The event was primarily a radiation effects test; however, two sets of experi-
ments to investigate critical aspects of shock hardened and deep basing technology
were included. The first set consisted of structural models to investigate the
response of new concepts of structural designs to withstand high intensity shock
loading and the second set investigated the underground nuclear explosion induced
shock and ground motions across a geological media interface of tuff and quartzite.

These two experiments were located near the device working point of the MIGHTY
EPIC test bed. This test bed offered the unique opportunity to shock load test
structures twice since the DIABLO HAWK Event is planned for the same tunnel com-
plex. The structures models were located in three separate drifts as shown in
Figure 1.1. The geological interface was located in a plane underlaying the MIGHTY
EPIC test bed. The experiment measureiments were made in drill holes that pene-
trated down through the interface.

This Project Officers Report (POR) consolidates the MIGHTY EPIC compression
test data and the physical properties data for the various structures, grouts,
and cores that were tested by Terra Tek, Inc., the U.S. Army Engineers Waterways
Experiment Station (WES), Flood Testing Laboratories, Holmes and Narver, and Con-
crete Technology Corp.

Data extracted from the Terra Tek, Inc. report are contained in the tables in
Section 2. The Terra Tek complete report and the reports from Fenix and Scisson
are included as appendices.

The data from the Flood Testing Laboratories, Holmes and Narver Materials
Testing Laboratory, and the Concrete Technology Corporation have been included in
total in the table in Section 2 and the laboratory data sheets are not included
in the POR.
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Figure 1.1 Plan view of the MIGHTY EPIC area showing the structures and
interface drifts and the related drill holes.




This report contains data on the grout and cores in the vicinity of the
experiments described in the following MIGHTY EPIC PORs.

POR

NUMBER TITLE AGENCY
6949 Structures Response CASE
6950 Structures Response SRI
6951 Spherical Structures AA
6952 Interface Experiments WES
6953 Interface Magnetic S
6954 Structures Instrumentation PI
6963 Interface Calculations SE




SECTION 2

STRUCTURES EXPERIMENTS

Structural models used were designed by MERRITT-CASES, Inc., formerly J. L.
Merritt Consulting and Special Engineering Services (CASES); Stanford Research
Institute (SRI); and Agbabian Associates (AA).

Most of the structures were designed to withstand shock pressures in the
MPa (tenths of kbar) range. However, models were placed in the drifts at three
anticipated peak stress levels as shown in the Preliminary Results Report
(POR 6940-2). This was done to hedge against high or low device yields, uncer-
tainties associated with structural material properties and site geological
properties. The test structures consisted of two types of composite steel-concrete
cylindrical shells and a steel-fiber-reinforced concrete spherical shell.

Figure 2.1 shows the detaiis of the structures experimental layout. Table 2.1
gives a description of each structure.

2.1 CASES STRUCTURES

Figures 2.2, 2.3, and 2.4 show the various kinds of structures designed by
MERRITT-CASES, Inc. The compression tests were performed on the CASES MIGHTY EPIC
structures by the following organizations:

Holmes and Narver, Inc., Materials Testing Laboratory, Nevada Test Site, P.Q.
Box 1, Mercury, Nevada 89023, tested cores of the grout in the vicinity of 13 of
the 15 CASES composite integral structures. They did not test near C-X-9 and C-Z-1.
They tested adjacent to one of the CASES "X" intersections, C-Y-13, and one of
CASES "T" dintersection structures and in the vicinity of all nine of the CASES dome
closures. Their data are included in Table 2.2.

Flood Testing Laboratories, Inc., 1945 East 87th Street, Chicago, [1linois
60617, tested 14 of the 15 CASES composite integral structures. They did not test
C-Z-3. They tested both of the CASES "X" intersections and the one CASES "T"
intersection structures. Their data are included in Table 2.3.

Concrete Technology Corp., 1123 Port of Tacoma Road, Tacoma, Washington 98421,
tested all nine of the CASES dome closures, and two of the CASES slabs, C-X-6/S and
C-Y-13/S. The results are included in Table 2.2.




2.2 AGBABIAN ASSOCIATES (AA) STRUCTURES

Figure 2.5 shows pictorially the type of spherical concrete structures that
AA fielded in the nine locations shown in Figure 2.1. Concrete Technology Corp.
tested the Agbabian structures and the results are given in Table 2.2.

2.3 STANFORD RESEARCH INSTITUTE (SRI) STRUCTURES

Figures 2.6 and 2.7 show sketches of the SRI built-up structures and the
models fielded in the MIGHTY EPIC Event. Table 2.4 contains the Terra Tek, Inc.,
test data for the SRI structures.

2.4 TEST DATA

Table 2.2 is a consolidation of all the MIGHTY EPIC structures compression
test data. It summarizes the data from Terra Tek, Inc., WES, Flood Testing Labora-
tories, Holmes and Narver, and Concrete Technology Corp.

Table 2.3 shows the physical properties and the results of the Flood Test
Laboratories compression tests on the CASES structures in A, B, and C drifts.

Table 2.4 shows the types of compression and strain tests performed by Terra
Tek, Inc., on various structures and on cores taken in the vicinity of the struc-
tures drifts. This table alsoc summarizes the physical properties for the struc-
tures and cores.

.
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Table 2.1 MIGHTY EPIC structures

LAYOUT DRAWING*

DESIGNAT ION DESCRIPTION

A-X-1 thru 4 Concrete Spheres; 6'-0" 0D; 12,000 1b.

C-X-5 3/4" Steel, 15" Concrete, 12" Cellular Concrete; 8'-7." 0D;
80,000 1b.

C-X-5/D Dome End Closure with Cable Penetration and Manhole, 3/4"
Steel, 15" Concrete; 7,500 1b.

C-X-6 X-Intersection - Forward End-On Stub; 19,000 1b.

- Aft End-On Stub; 19,000 1b.
- Side-On Unit (Two stubs and center unit);

66,000 1b.
C-X-6/S Slab End Closure; 3,300 1b.
C-X-7 End-On; 3/4" Steel, 11" Concrete; 5'-11%" 0D; 41,000 1b.
C-X-7/D Dome End Closure-No Cable Peretration and no Manhole;

3,000 1b.
C-X-8 15" Steel, 18" Concrete; 7'-3" 0D; 78,000 1b.
C-X-9 3/4" Steel, 15" Concrete; 6'-7%" 0OD; 57,000 1b.
C-X-10 3/4" Steel, 11" Concrete; 5'-11%" 0D; 41,000 1b.
S-X-11 2" Steel, 8" Cellular Concrete; 5'-8" 0D; 27,000 1b.
C-X-12 3/4" Steel, 7" Concrete; 5'-3%" 0D; 27,000 1b.
C-X-13 374" Steel, 5" Concretey 4'-11%" 0D; 21,000 1b.
C-X-13/D Dome End Closure-No Cable Penetration and no Manhole; 3,000 1b.
A-Y-10 and 11 Concrete Spheres; 6'-0" 0D: 12,000 1b.
C-Y-12 3/4" Steel, 15" Concrete; 6'-7%" 0D; 57,000 1b.
Cc-Y-12/D Dome End Closure with Cable Penetration and Manhole, 3/4"
) Steel, 15" Concrete; 7,500 1b.
C-Y-13 X~-Intersection - Forward End-On Stub; 19,000 1b.
- Aft End-On Stub; 19,000 Tb.
- Side-On Unit (Two stubs & center unit);

66,000 1b.
C-Y-13/S Slab End Closure; 3,300 1b.
C-Y-14 End-On, 3/4" Steel, 5" Concrete; 4'-11%" 0D; 21,000 1b.
C-Y-14/D Dome End Closure-No Cable penetration and Manhole; 3,000 1b.
C-Y-15 3/4" Steel, 7" Concrete; 5'-34%" 0D; 27,000 1b.
C-Y-16 3/4" Steel, 5" Concrete; 4'-11%" 0D, 21,000 1b.
c-Y-17 Tee Intersection - End-On Stub; 19,000 1b.

- Side-On Unit (Two stubs and center unit);

66,000 1b.

C-Y-17/D Dome End Closure with Cable Penetration and Manhole; 7,500 1b.

*Identification of structure is derived as follows:

‘ First Letter Designates Agency: A = Agbabian Associates; C = CASES and S = SRI.
Second Letter Designates Anticipated Shock Level

Third Position Designates Structures Number in Each Particular Drift

/0 Designates Domes; /S Designates Slabs

11




LAYOUT DRAWING*
DESIGNATION

D
through 6
through 5

Table 2.1 MIGHTY EPIC structures (Continued)

DESCRIPTION

Concrete Sphere; 6'-0" 0D; 12,000 1b.

2" Steel, 8" Cellular Concrete; 5'-8" 0D; 27,000 1b.

15" Steel, 6" Cellular Concrete; 5'-3" 0D; 21,000 1b.

1" Steel, 4" Cellular Concrete; 4'-10" 0D; 14,000 1b.

3/4" Steel, 34" Concrete; 4'-8." 0D; 16,000 1b.

3/4" Steel, 2." Concrete; 4'-6%" 0D; 13,000 1b.

Dome End Closure - No Manhole; 3,000 1b.

3/4" Steel, 5" Concrete; 4'-11%" 0D; 21,000 1b.

Dome End Closure with Cable Penetration and Manhole; 3,000 1b.
1" Steel, 4" Cellular Concrete; 4'-10" 0D; 14,000 1b.

3/4" Steel, 24." Concrete; 4'-6%" 0D; 13,000 1b.

Dome End Closure with Cable Penetration and Manhole; 3,000 1b.
Concrete Spheres; 6'-0" 0D; 12,000 1b.

SRI Models; 3' long; 2'-6" 0D; 3,200 1b.

*
Identification of structure is derived as follows:

First Letter Designates Agency:

A = Agbabian Associates; C = CASES and S = SRI.

Second Letter Designates Anticipated Shock Level

Third Position Designates Structures Number in Each Particular Drift

/D Designates Domes; /S Designates Slabs

12
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Figure 2.4 CASES dome closure
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SECTION 3

INTERFACE EXPERIMENTS

Geological media interface experiments were conducted to evaluate uncertain-
ties in protecting deep underground facilities against nuclear weapon produced
ground shock. The major uncertainty is the extent of relative motion between the
two media layers. To better define this uncertainty, both active and passive ex-
periments were emplaced across the interface to measure ground motions and stress
levels. These measurements were made at three ranges from the working point.

Figure 3.1 shows the details of the active interface holes which were used in
determining the relative displacement and stress wave modifications across the
tuff/quartzite interface region.

3.1 WATERWAYS EXPERIMENT STATION (WES) ACTIVE INTERFACE EXPERIMENTS

Active measurements of the relative displacements between the tuff and quartz-
ite media were made by WES at five points in each of three vertical drill holes as
illustrated in Figure 3.1.

3.2 SYSTEMS, SCIENCE AND SOFTWARE (SSS) PASSIVE INTERFACE EXPERIMENTS

SSS fielded a passive measurement scheme in which magnetic sources were
placed in three vertical drill holes at differing ranges along a radial from the
working point as shown in Figure 3.2. The magnets were placed at intervals in each
hole, both above and below the interface. Preshot, each drill hole was accurately
surveyed. Residual displacements will be determined postshot by drilling adjacent
parallel holes and conducting a magnetometer survey.
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SECTION 4
CORES AND GROUT

Figure 1.1 shows the location of the drill holes from which the cores were
taken. Figure 4.1 shows the MIGHTY EPIC grout plan.

The physical properties, stress-strain response of the hydrostatic compression,
triaxial compression and uniaxial strain tests on the various core samples and
grout mixtures were performed jointly by Terra Tek, Inc. and the Waterways Experi-
ment Station. The results of these tests are contained in Appendix A.

The Fenix and Scisson grouting report is given in Appendix C. The results of
the mechanical tests and the physical properties of the core samples and grouts are
given in Appendixes A and B.

The physical properties, triaxial and unconfined compression, and uniaxial
strains are given in Table 2.4 and Appendix A.
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APPENDIX A

TERRA TEK TR-76-63 MATERIAL PROPERTIES OF NEVADA TEST SITE
TUFF AND GROUT WITH EMPHASIS ON THE MIGHTY EPIC EVENT
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INTRODUCTION

The Defense Nuclear Agency (DNA) nuclear test program at the Nevada Test
Site requires, among many things, the mechanical and physical properties of
the construction material and rock at the test location. The material pro-
perties are needed primarily for the purpose of evaluatina the potential for
successful stemming and containment of the nuclear tests. They are also used
in modeling material behavior in subsequent ground motion calculations for
predicting and evaluating experimental programs.

This report summarizes material evaluations conducted by Terra Tek over
a period of 16 months (April 1975 through July 1976) for DNA Test Command.
The primary task during this period was material evaluations for the Mighty
Epic event (both preshot and postshot). Tuff, grout, sand, concrete, concrete-
steel interfaces and steel were tested. Other material evaluations and analyses
during this period were for 1) the "two-in-one concept" -- a proposed plan to
use a common tunnel and equipment for two nuclear events, 2) determining the
influence of fracturing on ultrasonic velocities to help explain field seismic
and sonic velocity results, 3) obtaining the angles-of-internal-friction in
the tuff as a function of confinina pressure for use in material modelina,
4) determining and evaluating methods for extractina pore water for subsequent
chemical analysis, 5) measuring the effect of hydrostatic pressure (i.e. arain
size distributions, cohesion, etc.) on sand-water mixtures, 6) evaluating
currently used and proposed methods for obtaining the elastic moduli needed

to determine 7» o/‘u stress from tuff overcore samples, and 7) evaluating the

possibility of resaturating dry tuff core samnles for obtaining material pro-
perties representative of the original saturated material and for evaluatina

the likelihood of water invasion into core samples during the field coring




process. During the contract period, reports were distributed on each of these
tasks. A1l those reports are reproduced here as originally distributed. As

an introduction a synopsis (in some cases, the abstract from the report) of

the testing and analysis for each task is provided here.

Mighty Epic Event: The Mighty Epic event included, in addition to the
standard "Line-of-Site-Pipe", a number of structures and an experiment to
evaluate movement along a material discontinuity (this discontinuity has been
referred in the past as the "interface"). The discontinuity was a change
from tuff material to a much harder and competent palezoic material. The
structures experiment required extensive tuff characterization, both for
design of the experiments and to facilitate development of a grout which

closely matched selected tuff properties. Other structures materials evaluated

were concrete, concrete/steel and steel. For the interface experiment, direct
shear tests were conducted to define the frictional properties. Magnetic
characterization of core samples were also needed to assist in analyzing post-

shot movement at the interface.

Reports describing the above work are:

Material Properties for Mighty Epic Interface Experiment, June 1975,
TR 75-36

Some Comments on Mighty Epic Material Properties, August 1975, TR
75-42

Physical and Mechanical Properties of Several Grout Mixtures, August
1975, TR 75-45

Material Properties on Samples from Mighty Epic Orill Holes Ul2n.10
UG#4, U12n.10 UG#6a and U12n.10 UG#7, September 1975, TR 75-50

Some Material Properties on Core Samples from Several Drill Holes
Relating to the Miahty Epic Event, November 1375, TR 75-64

Some Mechanical Properties of Concrete, Steel and Concrete-Steel
Interfaces Used in Mighty Epic Structures, July 1976, TR 76-14
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Characterization of Tuff and Development of Grouts for Mighty Epic
Structures Program, April 1976, TR 76-21

Letters or data forwarded which were not contained in the above
reports

The report entitled "Characterization of Tuff and Development of Grouts for
Mighty Epic Structures Program" is a summary of much of the Mighty Epic test-
ing and contains the average material properties of the structures region
along with the properties of the tuff matching grout -- ME8-11.

Investigation of the Effect of Fracturing on the Ultrasonic Velocities

in Ash-Fall Tuff: The effect of fracturing on ultrasonic velocities in rock
have been investigated. The material was an ash-fall tuff taken from the
Nevada Test Site, Area 12. Fractures were generated in uniaxial load (com-
pression) tests and direct shear tests. The results, in general, show the
same trend as reported in other rock types: i.e., a decrease in both the
p-wave (Tongitudinal) and s-wave (shear) velocities resulting from fracture

initiation, extention and growth. The maximum observed change for the p-wave

was -25 percent, and -10 percent for the s-wave.

Comparison of Preshot and Postshot Material Properties at the Nevada
; Test Site for the "Two-In-One Concept": This concept is one of locating a
nuclear event in the same main drift but several hundred feet in the portal
direction from a previous event. The concept results in substantial cost
savings through reuse of a considerable amount of equipment (gas seal doors,
cable access drifts, etc.)

Early evaluation of the concept required a close look at the tuff pro-
perties as a function of preshot versus postshot status and as a function of
distance from the working points (i.e. the properties of the preshot tuff,

at say 300 feet, were compared with the properties of postshot tuff at 300
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feet). This comparison was necessary to evaluate potential "second event"

locations and insure that the material surrounding this "second event" were
effective for stemming and contaiment.

Determination of the Angle-Of-Internal-Friction for NTS Tuffs: Discus-

sions with Joe LaComb, DNA Field Command, and inquiries from those doing
calculations for design for tunnel structures in the tuffs have led to consid-
eration of "Angle-of-Internal-Friction Models". Intuitive reasoning as well
as data available indicate the ambiquity related to any estimate of angle-of-
internal-friction for the intact tuffs. This brief write-up is an attempt

to clarify the angle-of-internal-friction model for the tuffs and to help
suggest what tests might be most suited to provide an adequate model.

Water Extraction from Nevada Test Site Tuffs: The hydrology of the

Rainier Mesa, specifically "T" tunnel area at the Nevada Test Site, is of
interest to the nuclear test program. Terra Tek has been actively developing
methods for extracting water from core samples for subsequent chemical and
mineralogical analysis. The development of consistent water data is dependent
upon both the method of water extraction and sanitary laboratory conditions.
The extraction method is critical since the bounded waters within the tuff

may be extracted at different energy levels.

Hydrostatic Response of a Water Saturated Sand: Mixtures of sand and

water have a number of Nevada Test Site applications, the majority of which
directly relate to the stemming and containment of nuclear tests. Specific
applications required knowing the effect on the sand-water mixture of a hydro-
static pressure cycle.

Mixtures were subjected to a 4 kilobar hydrostatic pressure cycle follow-

ed by measurements of the sand grain size distribution and observations re-

garding the cohesion of the mixture (i.e. existence of "welding").




State of Stress Effects on Laboratory Determination of the Elastic

Modulus of Stress-Relief QOvercores: The U.S. Geological Survey has con-

ducted 7»n situ stress determinations under Rainier Mesa using the U.S. Bureau
of Mines three-component borehole deformation overcore technique. The cal-
culated 7» =7fu stress states are used to better quantify and understand
containment phenomena. Since laboratory determined overcecre elastic moduli
are used for 7n situ stress calculations, a study of state of stress effects
on the overcore elastic modulus was conducted. Normal tuff overcore labora-
tory testing has involved biaxial loading (radial pressurization with 4 0)
in which radial pressures of only 3.45 MPa (34.5 bars) were obtainable due to
sample failure. Since Rainier Mesa 7» o77u Stresses have been calculated as
being as high as 6.9 MPa (69 bars), testing techniques were evaluated which
incorporated axial stresses to achieve 6.9 MPa radial pressure. Modulus
errors caused by sample nonlinearity and a suggested laboratory technique
are also discussed.

Specific Moisture Retention of Nevada Test Site Tuffs: Moisture was
reintroduced into dry Nevada Test Site tuff core chips through placement in
a high humidity (-95 to 100 percent) chamber at room temperature (-23 C) and
atmospheric pressure (-650 mm). A minimum of 29 days was required for the
dry samples to equal or exceed what was considered their 7» =7¢x saturation
Tevels (these “» a7+u saturation levels were obtained from adjacent sampies).
Mechanical tests conducted subsequent to resaturation suggest that dried-
resaturated samples can be used to obtain representative material properties
for virgin saturated tuff.

Tuff samples, immediately sealed at the Nevada Test Site on removal from

a core barrel, were subjected to the same environment to assist in analyzing

the invasion of the drilling water. Test results to date are inconclusive.
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Each report has been reproduced as originally distributed.

have been changed for continuity in this final report.
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SUMMARY

Some physical and mechanical properties have been determined for
material in the horizontal plane (along the LOS tunnel) and above and below
the working point for the Mighty Epic Event in Area 12 at the Nevada Test
Site. These tests were primarily used for site stemming and containment
evaluation, and most of these data were included in a previous Terra Tek
Report, TR 75-7 (January 1975).

At the meeting at the Nevada Test Site 16 June 1975, further material
property tests were outlined to define better the "interface", and to deter-
mine the shear strength and the elastic constants (mainly velocities) for
the material below the working point, down through the "interface" and on
below. Once these data have been obtained, a better friction model for the
interface and possible "layer configurations" to be used for calculations

can be determined.
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MATERIAL PROPERTY DATA AVAILABLE

Location of Drill Holes: A first set of data were generated primarily
for exploratory stemming and containment site evaluation, while a second
set of data were a preliminary evaluation of the material below the working
point. The drill holes from which samples were obtained for the two sets
of data were: (1) U12n.05 UG#4, U12n.10 UG#1 and UE12n #8, and (2) U12n.10
UG#2, U12n.10 UG#3 and UE12n #9, respectively. The approximate locations of
these drill holes are indicated on the map of the Mighty Epic region in the
"N" Tunnel complex of Area 12, as shown in Figure ].]

The drill holes U12n.05 UG#4 and U12n.10 UG#1 are horizontal drill
holes in the plane of the working point, and UE12n #8 and UE12n #9 are
vertical drill holes form the mesa surface. The U12n.10 UG#2 and UG#3
drill holes were collared back from the working point in the main drift
and extended downward to make contact with the beds below the working point.
A drill hole designated U12n.10 UG#5 was drilled downward, from the bypass
drift at a lesser angle than the UG#2 and UG#3 to give an indication of the
layering below and past the working point. No physical or mechanical pro-
perties data have been generated to date from this drill hole.

Tests on Cores: The U12n.05 UG#4, U12n.10 UG#1 and UE12n #8 core sam-
ples were tested in September 1974, January 1975, and December 1973 respec-
tively.2 The UE12n #9, U12n.10 UG#2 and U12n.10 UG#3 core samples were all
tested in May 1975.

Tests for this first set of data for the U12n.05 UG#4, U12n.10 UG#]
and UE12n #8 core samples include hydrostatic compression tests, uniaxial
strain tests, ultrasonic velocity measurement and physical property measure-

ments as shown in Figure 2 and Table 1. Tests for the second set of data
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for the UE12n #9, U12n.10 UG#2 and U12n.10 UG#3 core samples include uni-
axial strain tests, physical property measurements and ultrasonic velocity
measurements. These data are shown in Figures 3 through 5 and Table 2.

Variation through Beds: Figures 3 through 5 have been plotted such

that the variation in several of the material properties can be seen as a
function of distance along the drill hole. The different 1ithological beds
along the drill hole are estimated from inspection of the cores (3), and
are shown as dashed lines on the figures. The descriptions of each "layer"
were those used at the meeting on 16 June at NTS. The next section dis-

cusses the layers in more detail.
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BEST ESTIMATE OF GEOLOGIC CONFIGURATION

The geologic materials present below the working point, as indicated
earlier in Figures 3 through 5, are tuff or tuffaceous sandstone (th),
tuff and rubble, micacious schist (Ewc) and sterling quartzite (p(—ls).3 The
tuff is a competent material with few fractures and little or no variation
with depth. The tuff and rubble zone is a tuffaceous sandstone containing
rubble, from millimeter to meter size, of quartzite and schist fragments.
The micacious schist layer is composed of an upper layer (approximately 10
to 15 feet) of highly weathered and fractured schist with reddish, silt-like
material filling the cracks while the lower portion is much more competent
and contains some tight fractures. The quartzite zone contains a consider-
able amount of fracturing, but most are considered tight with little or no
filler material.

A plan view of the "Mighty Epic" site, Figure 6, shows the location

and orientation of the two cross-sections shown in Figures 7 and 8. These

UEI2n#9 UEI2n«8
® o}

IGHTY EPIC

— DRIFTS
=== DRI HOl‘_ES

B ~1000° B

T

Figure 6. Plan View of Mighty Epic Site Showing Location of Cross-Sections




CROSS SECTION A-A'

: Fiqure 7. Geology Shown in Cross-Section along the Mighty Epic Main Drift
(Reference 4)

CROSS SECTION B-B’

unin e - —

pror

Caw

Figqure 8. Geology Shown in Cross-Section Perpendicular to Mighty Epic Main
Drift and through the Working Point (Reference 4)
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cross-sections were produced by United States Geological Survey4 and were
preliminary as of 16 June 1975. More recent data from an exploratory drill

ho]e,4

U12n.10 UG#5, suggests that the schist and quartzite layers dip to
the north (approximately) -- see dashed and crossed line in Figure 7 -- con-

trary to what was initially presented.




MATERIAL PROPERTY DATA NEEDED FOR INTERFACE CALCULATION

Data Necessary: The purpose of the Taboratory tests is to define the
mechanical and physical properties of the various rock units (tuff, tuff and
rubble, etc.) to then allow a recommendation of a layer configuration such
as shown in Figure 9. The laboratory tests necessary on samples from each
of the rock units are hydrostatic, triaxial compression, and possibly other
load path tests, ultrasonic velocity measurements, and physical property
measurements including densities and porosity. For the "interface", different
tests will be needed to define a friction model, including direct-shear tests.
Some of these data have already been generated. Further tests are necessary,
however, to define the average ' =7tu properties, especially in the case of
the tuff and rubble and the upper schist zone. The tests will require special
care in preparing test samples from the "worst" to the "best" material to
subsequently define the average and the lower and upper bounds of the mater-
ial properties.

Cores Required: A survey was made to determine what portion of the
original core samples received at Terra Tek were available for added test-
ing. Table 3 gives a list of this information. There are adequate core
samples in the tuff, lower schist and the quartzite layers, but essentially
no samples in the "tuff and rubble" and the upper schist layers. A minimum
of three 12-inch long core samples in each of these two regions are con-

sidered necessary to characterize the material.
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TABLE 3. TERRA TEK CORE SAMPLE INVENTOQRY
- Rock Drill Hole - Number of
Drill Hole Unit Footage (feet) Length (inches) Test Samples
U#12N #9 Tuff & 1436 2 none
Rubble 1442 0 none
1454 2 none
Schist 1481 4 1
| 1491 13 4
Paleo- 1509 2 none
zoic
Ul12n.10 UG#2 Tty 290 1 4
Tuff & 316 3 1
Rubble 321 4 none
Schist 330 0 none
339 6 2
347 2 none
355 2 none
361 7 2
366 7 2
374 6 2
385 5 2
402 3 1
414 5 2
431 0 none
435 5 2
U12n.10 UG#3 TEg 259 8 3
273 7 2
277 9 3
286 12 4
Tuff & 295 7 4
Rubble 305 5 1
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PREFACE

Some comments are made with reaard to the Mighty Epic site
material properties and to the associated structures calculational
effort. These comments are made after meetings at NVOO on August 1,
at Headquarters, DNA, August 8, and after discussions with Cl1iff

McFarland and Kent Goering on August 12.
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GENERAL DISCUSSION

Discussions between Ivan Sandler and Jim Johnson led to the
presentation given by Ivan Sandler at the DNA meeting on August 8.
The discussions between Jim and Ivan were conducted following the
general ground rule that a "PW Capped Model" would be used to fit
the Mighty Epic site tuffs for the "structure calculations". During

the discussions between Jim and Ivan, representative stress-strain

curves available on tunnel-bed tuffs from other sites were used for
reference in the formulation of the cap mode1]. Jim indicated that
the Mighty Epic site had not yet been characterized and that more test

data would be passed on to Ivan as they became available.

The cap model was developed knowing that certain phenomena,
particularly those occurring after reaching the failure surface,

would not be handled correctly. For example, the model was not

intended to fit the apparent loss of strength which occurs as a test
sample is unloaded via a constant axial strain pathz. (This is known
to be an effect caused by the pore pressure3.) Secondly, it was
intended that as more material property data for the Mighty Epic site
became available, the parameters in the cap model would be readjusted
to best represent the average properties of the site over the region

of interest.

There are known phenomena that the "cap model formulated" does

not fit, or handle properly. These include:




-- details of the elastic-1imit where crush-up beginsa, which
is complicated here by not knowing the 7» s7ru stress

-- the difference between the apparent elastic constants obtained
from the seismic velocities and from the slopes of the
laboratory stress-strain curvess, i.e. the elastic constants
obtained from the [longitudinal] seismic velocity and guessing
the shear-wave velocity are "faired" into the elastic constants
obtained from the slopes of the stress-strain curves

-- pore pressure effects are not accounted for adequate]yz’3

-- the laboratory stress-strain curves are not fit beyond an initial

2.6

loading (and to some extent unloaded) cycle

-- the tensile and extension strength is not adequately hand]ed7

The reason for not handling the above phenomena is probably due to
a lack of material property data, rather than to any "shortcoming" of

the cap model.

Some material property data on the Mighty Epic site has been

8,

presented previously in Terra Tek reports Surprisingly, some

cores from the region of the structures experiments exhibit quite

high shear strength, up to 1.0 - 1.5 kilobars stress difference at
multi-kilobar confining pressures; typical tunnel-bed tuffs show

stress difference of about 0.3 kilabars at 1 kilobar confining pressureg,
It is not clear why so many cores exhibit this high strength: Joe LaComb

does not seem concerned with this, and I believe he feels that there

may be relatively "thin" beds of this strong tuff.

.........................................................................




At the NVOO meeting, some data were presented by Joe LaComb
suggesting a low seismic velocity over parts of the Mighty Epic site.
I believe Joe attributes this to stress relaxation surrounding the
main and structures experiment tunnels]O. Joe indicated he intends
to conduct additional seismic surveys as well as hydraulic-fracturing
and over-coring experiments to obtain more information about the 7»

« stress. The exact program he was going to conduct was not clear
from the NVOO meeting, and no subsequent discussion was held. If
this relaxation phenomenon is correct then the stresses around the
structures tunnel is unknown. The 7» e7#u strrss a few feet away from

the scaled structures will not be well defined.

The "pressure range" for which the structures calculations will
be most sensitive to the material properties (right around the structure)
appears to be the followin;. For the spherical structures, collapse
will likely occur at high pressures (maybe one kilobar) if at all; for
the SRI structures, the porous concrete will collapse at stresses as low
as about 0.1 kilobar (based on discussions at NV00). Therefore, "more
detailed" strength of the tuff and the grout around the structures

should be obtained over these pressure ranges.

Strength of the grout (to be used around the structures) is such \

that it will not match the strength of the tuff cver pressure ranges
1112

from 0.1 to 1.0 kilobars That is, if the angle of internal friction




of the grout is matched to that of the tuff in the zero to one or two-
hundred bar pressure region, then the strength of the grout at higher
confining pressures will be 1/2 to 1/3 that of the tuff (assuming the
tuff strength is about 0.3 kilobars stress difference). On the other
hand, if the angle of internal friction of the grout matches the tuff
at the higher confining pressures, i.e. 0.5 - 1.0 kilobars pressure,

then the strength of the grout at low pressure (one hundred bars) will

be much greater than the tuff.

The differences in strength was discussed at the NVOO meeting,
and it was Joe's opinion (I believe) that an economical (and pumpable)
grout should be used to reasonably match the tuff. The strength of
whatever grout used would be determined, and no further effort would

be conducted to produce a "tuff matching" grout.

It is our feeling that because of the high water content in the
grouts, the micro-mechanisms for deformation are different than in
the tuff. In the tuffs, for example, we believe that through-going
fracture-planes occur and sliding on the fracture-plane results. In
the grout, a general collapse of the sample occurs without producing
a through-going fracture-plane. This difference in micro-mechanisms
leads us to believe that it is unlikely that pumpable grouts (50%
water or thereabouts) can ever be made to match the tuff's strength

properties over all pressure ranges.
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Concretes used in the structures will undoubtedly behave as other
cement-type materials do--reference, for example, the previous Terra
Tek report on plain concrete]3. The concretes will undoubtedly show
increase in strength with confining pressure, collanse of the porous
matrix, and complex post-maximum stress behavior. Furthermore, the
concretes are likely to be strain-rate sensitive, exhibiting maybe a
factor of two increase in strength for rapid loading as opposed to

standard testing rate 1oadings]4




RECOMMENDATIONS

Terra Tek recommends the following with respect to the Mighty

Epic Experiment materials characterization:

1. Some added tests should be performed to better characterize
the tuffs from the working point out to the structures,
and particularly in the regions of a few feet around the
structures tunnels. These tests would determine the
failure envelope and the stress-strain response up to

about 1 kilobar.

2. For any calculations, the most representative material
property data should be used to formulate the parameters
in the cap model. This will probably not cost any more,
and will provide the best material properties for the

Mighty Epic site.

3. The grout used around the structures should be characterized
to the extent of determining the failure envelope and
the stress-strain response to selected loadings up to
about 1 kilobar. This will provide data to indicate the
difference between the grout and the tuff over pressure

ranges up to about 1 kilobar.

68




4. The concrete used in the different structures should be
characterized to the extent of determining the failure
envelope, the stress-strain response, and some limited

information on its dynamic (rapid loading) response.

5. Some information should be obtained on the "bond strength
factor” for the concrete-to-steel. This can be done
by running one or two direct shear tests where concretes
used in the structures are sheared along steel plates -
j.e., a direct shear test at several normal stresses]5
It is not suggested that an extensive program be conducted,
but that some indication of bond strength be obtained to

serve as guidance for the calculators.

6. Some added material property tests are still needed for the

"interface" calculation, and those proposed in Terra Tek

report TR 75-36 should be performed as cores become

available.
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SUMMARY

Physical and mechanical properties tests have been conducted on
several batches of grout supplied by Waterways Experiment Station. The
grouts are used for gage implacement and containment of structures experiments
during nuclear events at the Nevada Test Site and the grout properties are
required to insure the proper grout selection. The grouts were designated
HPRM-1, HPRM-2, HPRM-3, HPRM-4, HPRM-5, HPSL-16, HPNS-1 and HPNS-3C.

The properties determined for the grouts at 14, 28 and 56 day age
are: physical properties (densities, porosities, water content, etc.),
ultrasonic velocities and mechanical properties (shear strength, stress-strain
response) from triaxial compression and uniaxial strain tests. The entire
test program is not complete and the data reported is preliminary.

The data is reported in the form of tables which contain the physical
properties and velocities at each of the three ages (with the exception of
the HPNS-3C) and plots showing the shear strength as a function of confining
pressure and the permanent compaction resulting from uniaxial strain load-

unload tests.




Table 1: Physical Properties and Ultrasonic
Velocities at 14 Day Age.
DRILL HOLE DENSITY (gm/cc) WATER POROSITY | SATURATION CALC MEAS VELOCITY
FOOTAGE 8Y WET %) (%) AR | PERMANENT| (f1/sec)
AS- WEIGHT voIDS COMP.
i RECEIVED | DRY GRAIN (%) %) (%) LONG SHEAR
Grout Hyd. 1-D
14 Day
HPRM- 1 2.06 1.65 2.97 20.1 a3 93 3.0 2oy Ty 3478 5274
HPRM-2 2.04 1.64 3.00 19.8 46 89 5.1 2.2 2.25 9166 5022
HPRM-3 2.07 1.58 3. 23.6 49 99 0.5 1.5 1.6 8366 4472
HPRM-4 2.01 1.55 3.06 22.9 49 34 X8 3.0 3.5 9084 4640
HPRM-5 1.92 1.46 3.02 23.9 52 88 5.9 35 4.8 7910 3753
HPSL-16 1.86 1.37 2.94 26.5 54 92 4.3 2.4 2.5 6579 2459
HPNS-1 2.04 1.51 3.35 25.9 55 96 2.05 1.8 1.8 7213 3427
HPRM-3C L 2.10 1.7 18.9 2.4 2.6 9850 5333
SR | T aiel] L
Table 2: Physical Properties and Ultrasonic
Velocities at 28 Day Age.
DRILL HOLE DENSITY (gm/cc) WATER POROSITY |SATURATION| cALC MEAS VELOCITY
DTG 8Y WET %) (%) AR PERMANENT (#1/sec)
AS- WEIGHT vOIDS COMP
RECEIVED [ DRY GRAIN (%) (%) (%) LONG SHEAR
F Grout Hyd 1-0
28 Day ’
HPRM- | 2.02 1.56 37 22.9 48 37 1.3 2.8 10,259 5696
HPRM-2 04 1.61 3.01 21.0 13 13 3.3 1.7 2.7 11,591 6363
HPRM- 3 08 1.61 3.11 2.7 48 38 1.0 ;o 1.9 8,871 4695
HPRM-4 1.498 1.53 )€ 2.9 50 B 3.5 5 3.9 3,058 4678
HORM-5 1.94 1.45 3.02 27.4 35 6 -9 3.0 7,707 37496
HPSL-16 1.86 36 14 27.C 4 93 2.4 7 6,303 N7
HPNS-1 2.05 51 3,35 2.7 55 39 0. 900 - 25 7,519 3619
= L o 1 | o Ry, e S N B -
Table 3: Physical Properties and Ultrasonic
Velocities at 56 Day Age.
DRILL HOLE DENSITY (gm/cc) wATER | PorOSITY |saturation| cALc MEAS VELOCITY
FOOTAGE 8Y WET (o) (%) AR PERMANENT (*1/s8¢c)
AS- WEIGHT vOoIDS COMP
RECEIVED | DRY GRAIN (%) (%) (%) LONG SHEAR
Grout Hyd. 1-D
56 Day
HPRM- 1 2.05 1.63 a7 20.5 a8 93 2 5 3.0 10,269 5,545
HORM-2 2.02 1.57 3.01 22.4 48 as 7 5 2.9 | 11,50 6,368
4 HPRM- 3 2.10 1.65 310 21.2 47 3t 2.5 1.6 2.5] 9.67: 5.2%
HPRM- 4 1.96 1.49 3.06 24,1 51 a2 4.3 4.3 4.4 8,215 31,976
HP M-5 1.97 1.48 1.0 24 .5 51 a6 0 5 7 8,064 4,117
' HPSL-16 1. 85 1.4 4 27.4 4 13 i6 3 3.0 8,291 3,819
HENG -1 2,09 1,58 3,35 8,2 53 i 1 2.6 8,015 4,006
4
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PREFACE

Mighty Epic pretest planning require material properties for both
shock wave propagation and rock/structural interaction calculations. In
response to this requirement, Terra Tek has performed testing and reported
properties in the following reports:

Progress Report I - Material Properties for the Mighty Epic
Interface Experiment TR 75-36

Determination of Coefficient of Internal Friction TR 75-38
Some Comments on the Mighty Epic Material Properties TR 75-42

Physical and Mechanical Properties of Several Grout Mixtures
(Preliminary) TR 75-45

Testing is continuing and properties from the U12n.10 UG #4, U12n.10

UG #6a and U12n.10 UG #7 core samples are included herein.

78




Preface .

Table of Contents .

List of Figures .
List of Tables
Introduction
Test Results
Discussion
References

Appendix

TABLE OF CONTENTS

79




Figure

LIST OF FIGURES

Plan View of MIGHTY EPIC Tunnels and Selected Drill Holes . . . .

Selected Data from U12n.10 UG #4 Drill Hole Samples vs.
the Footage Along the Brill Hole w« « o o & s o @ = « & =

Selected Data from U12n.10 UG #6a Drill Hole Samp]es VS.
the Footage Along the Drill Hole . . ;

Selected Data from U12n.10 UG #7 Drill Hole Samples VS.
the Footage Along the Drill Hole

Triaxial Compression Test on U12n.10 UG #4 257' Samp]e
Triaxial Compression Test on U12n.10 UG #6a 116' Sample .

Triaxial Compression Test on U12n.10 UG #4 and U12n.10 UG #6a
SAMEESHE RN o R AGL=, ERE, LB e e e by e ;

Stress-Strain Response on U12n.10 UG #4 and U12n.10 UG #6a

Samples at a Confining Pressure of 50 Bars . . . . . . . . ..

80

Page

82

85

86

87
88
88

89




LIST OF TABLES

Table
1 Physical Properties, Fermanent Volume Compaction and Ultrasonic
Velocities on Core Samples from UiZn.10 UG #4 . e
2 Physical Properties, Permanent Volume Compaction and Ultrasonic

Velocities on Core Samples from U12n.10 UG “6a

Physical Properties, Permanent Volume Compaction and Ultrasonic
Velocities on Core Samples from U12n.10 UG #7 . LR

(O8]

81

Page

84

34

34




INTRODUCTION

Material properties have been determined on core samples from three
drill holes in the Mighty Epic region at the Nevada Test Site, Mercury,
Nevada. The testing was conducted on core samples from drill holes U12n.10
UG #4 and U12n.10 UG #6a, which are both located in the structures area as
shown in Figure 1, and U12n.10 UG #7 which is in between the bypass drift
and the main drift and was drilled toward the working point. A1l three of
the drill holes are in the horizontal plane of the working point.

The material properties measured are physical properties (as-received
density, dry density, percentage water and etc.) and longitudinal and shear
velocities. In addition to tests for measuring the permanent volume com-
paction resulting from compaction in uniaxial strain to 4 kilobars lateral
stress, further mechanical characterizations were obtained through triaxial
compression tests. The confining pressures ranged from 0 (unconfined com-

pression) to 4 kilobars but concentrating on the 0 to 500 bars range.

MIGHT

Figure 1. Plan View of the Mighty Epic
Tunnels and Selected Drill Holes
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TEST RESULTS

The U12n.10 UG #4, U12n.10 UG #6a and U12n.10 UG #7 drill hole samples
physical properties, permanent volume compaction and ultrasonic velocities
are listed in Tables 1, 2, and 3 respectively. Selected physical and
mechanical properties have been plotted vs. the drill hole footage for each
of the three drill holes in Figures 2, 3 and 4. The data has been plotted
in this manner with the intent of indicating average properties (dashed
1ine) and the amount of scatter in these properties as a function of drill
hole footage.

Individual test curves plotted as axial stress vs. volume change and
stress difference vs. confining pressure are contained in the appendix.
Uniaxial strain tests curves for samples from drill holes U12n.10 UG #4
and U12n.10 UG #6a were plotted as axial stress vs. volume change such
that the constrained modulus could be scaled from the slopes of the curves.
The U12n.10 UG #7 test data is plotted in the usual manner -- mean normal
stress vs. volume change.

The detailed triaxial compression tests on samples 257 feet from
U12n.10 UG #4 and on the sample at 116 feet from UI2n.10 UG #6a are shown
in Figures 5 and 6. These results are plotted as stress difference vs.
confining pressure through the confining pressure range of 0 to 100 bars.
The same data is extended out to a confining pressure of 4 kilobars in Figure
7 and plotted as stress difference vs. axial shortening in Figure 8 for the

test at a confining pressure of 50 bars.

83




Table 1. Physical Properties, Permanent
Volume Compaction and Ultrasonic Velocities
on Core Samples from U12n.10 UG #4

ORILL HOLE DENSITY (gm/ec) waTER | POROSITY JsatuRanion]  caic MEAS VELOCITY
ROOTAGE BY WET %) ) AR PERMANENT! (11 sec)
AS WEIGHT VOIS ComP
RECEIVED | DRY GRAIN %) %) %) LONG SHEAR
€ : 45
: !
|
| 3044
| 4108
i it 54
8 | a
|
! |
4 | l
Jo | | | Y

Table 2. Physical Properties, Permanent
Volume Compaction and Ultrasonic Velocities
on Core Samples from U12n.10 UG #6a

S - =
ORILL MOLE DENSITY (om “ T satsation] ca [ MEAS VELOC)TY
FoOTAE Wit AR PERMANENT (417 sec)
as- | £ VOIDS
RECEIVED | DRY

WE T LomP
* ) | l»wc SHEAR

lalelzleie |z s b

Table 3. Physical Properties, Permanent
Volume Compaction and Ultrasonic Velocities
on Core Samples from U12n.10 UG #7

|
| | ERkE AL
|5 iR 1 L [0 [ 8
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SAMPLE | (UI2n.10 UG# 4,257")
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Figure 5. Triaxial Compression Test on U12n.10 UG #4,257' Sample

SAMPLE 2 (UI12n.10 UG#6A, lI6")
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Figure 6. Triaxial Compression Test on Ul12n.10 UG #6a 116' Sample
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Figure 7. Triaxial Compression Test on U12n.10 UG #4 and U12n.10 UG #6a Samples
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Figure 8. Stress-Strain Response on U12n.10 UG #4 and
U12n.10 UG #6a Samples at a Confining Pressure of 50 Bars
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DISCUSSION

The material properties show trends expected as the various litholo-
gical beds are penetrated by the drill holes. However, the Mighty Epic
regions portrayed by the UG #4, UG #6a and UG #7 drill holes, on the
average, indicate higher as-received densities, shear strengths and ultra-
sonic velocities (Figures 2, 3 and 4) than "typical“ ash fall tuff ]’2.
The porosities, air void contents and water contents are about the same.

The triaxial compression tests on the two samples from UG #4 and UG
#6a (Figures 5-8) were for the purpose of estimating the tuff failure
envelope for comparison to grout mixtures. The difficulties in producing
a "tuff matching" grout is in matching the failure envelope over a range
of pressure. The grout tends to show lower strength increase with pres-
sure than the tuff.

Additional triaxial compression tests are planned on selected samples
to further characterize the tuff material in the immediate vicinity of the

structures experiments.
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BACKGROUND

In preparation for the Mighty Epic event at the Nevada Test Site,
several studies have required material properties for the surrounding rock
media (tuff) and several grout mixtures. The tuff material properties de-
termined thus far have been from several drill ho]es] beginning with initial
exploratory drill holes to more recent drill holes in the immediate vicinity
of the working point and the structures studies. (laterial properties of

e have also been determined,

several grout mixtures
The material properties determined have been physical properties (as-
received density, dry density, grain density, percentage water, porosity,
saturation and air void content), mechanical properties (shear strength as
a function of confining pressure), ultrasonic longitudinal and shear veloci-
ties and other propnerties such as the air void content estimated from the
permanent compaction of the uniaxial strain load-unload tests.
The Mighty Epic related reports distributed to date are as follows:
1. Properties of Quartzite from Area 12 of the Nevada Test Site,
TR 75-7, January, 1975.
2. Progress Report I - Material Properties for Mighty Epic Experiment,
TR 75-36, June, 1975.
3. Determination of the Angle of Internal Friction, TR 75-38, July,
1975.
4. Progress Report II - Mighty Epic Material Properties, TR 75-42,
August, 1975.
5. Physical and Mechanical Properties of Several Grout Mixtures,
TR 75-45, August, 1975.
6. Progress Report III - Material Properties on Samples from Mighty
Epic Drill Holes U12n.10 UG#4, U12n.10 UG#6a and U12n.10 UG#7,
TR 75-50, September, 1975.
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INTRODUCTION

As a continuing effort to determine material properties for site
evaluation and development of material models for subsequent use in ground
motion calculations, tests have been conducted to determine physical and
mechanical properties of tuff and grout relating to the Mighty Epic event
at the Nevada Test Site. The purpose of the laboratory testing program has
been several fold: 1) initial evaluation of the global material properties,
2) development of material models for purposes of predicting stemming and
containment, 3) prediction of the response across a soft to hard interface,
4) determine if the material properties are a function of distance from the
tunnel wall (this question is related to the seismic velocities obtained in
the field) and 5) to insure a proper match between the tuff properties and
the emplaced grout properties surrounding the structures experiments.

Core samples were tested from the following drill holes:

UET12n#9

U12n.10 UG#7

Ul12n.10 ISS#1

U12n.10 ISS#5

U12n.10 HF#2

U12n.10 HF#4

U12n.10 A Structures

U12n.10 B Structures

U12n.10 C Structures
The Tocations of these drill holes are shown in Fiqgure 1. Grout mixtures
tested were designated:

MESQ1

ME8P2

MESQ4

ME8QS5

ME8P6
MESP11
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The tuff and grout data are reported in tabular and graphic form
followed by a discussion which specifically addresses the question of the

material properties of the tuff as compared to the properties of the grouts.

© UEI2n #9

MIGHTY EPIC MAIN DRIFT TO PORTAL
=f7l J jp PR = =

o s

“BVF’ASS DRIFT

Figure 1: Plan view of the Mighty Epic area showing the drill
holes from which core samples have been tested.
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TEST PROGRAM

As discussed in the introduction, the purpose of the core sample

testing was several fold.

ing to the purpose for which the data was intended.

The types of tests, therefore, varied accord-

For example, the U12n.10

ISS#5 drill hole samples were subjected to triaxial compression tests since

the shear strength of the material is important for the structural tests.

The types of tests conducted on the subject drill hole samples and

the grout are listed in Table 1.

TABLE 1

Terra Tek Laboratory Test Program on Tuff and Grout Samples

ORILL HOLE MECHANICAL TESTS PHYSICAL PROPERTIES
HYDROSTATIC TRIAXIAL UNTAXTAL ULTRASONIC
TUFF COMPRESSION COMPRESSION STRAIN VELOCITIES AS REC, DRY AND GRAIN DENSITIES
|
E12n#9 13=0 X X X
. e R e e e L] e T e
M2n 10 U7 || X [75170,0.5.4 kb T X X
Mon. 10 15581 | 7 = { X X X
¢ SR T e S SO e L " 0 e e
Ul2n.10 1555 X | o3 0,0.5,4 kb L X | X L
U12n. 10 HF#2 { ) i X X
—_— - - e e } — — —
| 1112n.10 HF#4 T X | X X
5 SEAS. ‘ ———— - + = S
U12n.10 A,B,C 1 ¥ X %
structures
e s ————— - — e = ——— , B - — -
GROUT
MESQT i 71=0,0.1,0.25, X X X
1| | 0.5,4 kb i R, e
e i :
] ME c?:’-~ . EM - _+_ 1=0,0.5,4 kb | ¥ . 7X A0 | X
MESPA X i | X X
—_— + —_— e e
MESQDS i 03=0.05,0.1, X X
| 0.5,1.0,4 kb | y
» MERPA X | | X X
G W o
Lﬁ“F%ll i X X X
PR LS S, T US———
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TEST RESULTS

TUFF

UE12n#9 Drill Hole Samples: The physical properties, uniaxial strain

permanent volume compaction and ultrasonic longitudinal and shear wave

velocities are listed in Table 2. The uniaxial strain test curves are shown in

Figure 2 and the unconfined compression results in Figure 3.

U12n.10 UG#7 Drill Hole Samples: The hydrostatic pressure-volume strain

response is shown in Figure 4. The stress difference versus individual
strains for the triaxial compression at pressures of 0, 0.5 and 4 kilobars

are shown in Figures 5, 6 and 7, respectively. The strength of the core
samples at these three confining pressure states are replotted in Figure 8 and
indicate the failure surface for these materials. The physical properties,
hydrostatic compression permanent volume compaction and ultrasonic longi-
tudinal and shear wave velocities are listed in Table 2.

U12n.10 ISS#1 Drill Hole Samples: The uniaxial strain test curves are

shown in Figure 9. The physical properties, uniaxial strain permanent
volume compaction and ultrasonic longitudinal and shear wave velocities are
listed in Table 2.

U12n.10 ISS#5 Drill Hole Samples: The hydrostatic pressure--volume strain

response is shown in Figure 10. The stress difference versus individual
strains for constant confining pressures of 0, 0.5 and 4 kilobars are shown in
Figures 11, 12 and 13, respectively. Again the maximum stress differences
obtained at these confining pressures are replotted in Figure 14 to indicate
the failure surface for the material. The physical properties, the hydrostatic
compression permanent volume compaction and ultrasonic longitudinal and shear

wave velocities are listed in Table 2.
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U12n.10 HF#2 Drill Hole Samples: The uniaxial strain test curves are

shown in Figure 15 and the physical properties, uniaxial strain permanent
volume compaction and ultrasonic longitudinal and shear wave velocities
are listed in Table 2.

Ul2n.10 HF#4 Drill Hole Samples: The uniaxial strain test curves are

shown in Figure 16 and the physical properties, uniaxial strain permanent
volume compaction and ultrasonic longitudinal and shear velocities are
listed in Table 2.

UT2n.10 A, B and C Structures Drill Hole Samples: The uniaxial strain

test curves are shown in Figure 17 and the physical properties, uniaxial
strain permanent volume compaction and ultrasonic longitudinal and shear wave
velocities are listed in Table 2.

TABLE 2

Physical Properties, Uniaxial Strain Permanent Volume Compaction and
Ultrasonic Wave Velocities on Individual Tuff Samples Tested

oRILL -n\j DENSITY gmice e WAtk | pososity [saturarion | % caic | % mEas VELOCITY
’ av Wit - “ am PERMANENT| f730c
AS
3 S T sran | weowT voI0s comp LONG SHEAR
E12n o9 Sl

5l : . 286 4226
was EEAR)

4 Ot 5794
4764

3 ’ ok a9

3 450 439

1.9 ’ 3003 4770

" |

[ 6d 88

3 s

811 | 530

| 5

4% 4 4997

s \ 3 5016
: 9 4791
6752
2 $892

194 5981
9a86 4758
H 4 a8, 4393
960 00
1076¢ 4970
7 1.4 9380 4280
s 13 3 a 7 4390 4170
63 3 15.8 1 ¥ Y. 10190 4300

’ : " ] 9667 s

L i b Lok L; | - : o oo fue
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Figure 2a: Uniaxial strain tests on UE12n#9 core samples --
mean normal stress versus volume change.
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pressure on Ul2n.10 UG#7 core samples -- stress difference versus
individual strains.
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Figure 9a: Uniaxial strain tests on U12n.10 ISS#1 core samples --
mean normal stress versus volume change.
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Figure 12: Triaxial compression test
pressure on U12n.10 ISS#5 core sample
individual strains.
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individual strains.
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Figure 15a: Uniaxial strain tests on U12n.10 HF#2 core samples --
mean normal stress versus volume change.
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Figure 15b: Uniaxial strain tests on U12n.10 HF#2 core samples --
stress difference versus confining pressure.
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Figure 16a: Uniaxial strain tests on U12n.10 HF#4 core samples --
mean normal stress versus volume change.
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Figure 16b: Uniaxial strain tests on U12n.10 HF#4 core samples --
stress difference versus confining pressure.
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mean normal stress versus volume change.
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Figure 17b: Uniaxial strain tests on U12n.10 A Structures (31 feet),
B Structures (25 feet) and C Structures (30 feet) core samples --
stress difference versus confining pressure.
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GROUT

MEBP1 Grout Samples: The hydrostatic compression and uniaxial strain

test curves are shown in Figure 18 while the stress difference versus the
individual strain curves for the triaxial compression tests are shown in
Figure 19. The failure surfaces based on the triaxial test data for the

different grouts tested are shown at the end of this grout section.

MEB@2 Grout Samples: The hydrostatic compression and uniaxial strain

test curves are shown in Figure 20 while the stress difference versus the
individual strain curves for the triaxial compression tests are shown in

Figure 21.

MEB@4 Grout Samples: The stress difference versus the axial and transverse

strains for the unconfined compression test is shown in Figure 22. ]

MEB@5 Grout Samples: The hydrostatic compression test result is shown

in Figure 23 while the stress difference versus individual strain curves for

the triaxial compression tests are shown in Figure 24,

MESP6 Grout Samples: The stress difference versus individual strains

for the unconfined compression tests is shown in Figure 25.

MEBP11 Grout Samples: The uniaxial strain test curves are shown in

Figure 26.

The physical properties, hydrostatic compression and uniaxial strain
permanent volume compactions and ultrasonic longitudinal and shear wave i
velocities are listed in Table 3 for all of the six grout mixtures. %

The maximum stress difference (failure surface) during the triaxial

compression tests on the various grout mixtures is shown in Figure 27.
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As a note, the grout data shown was obtained from tests conducted at

the fourteen day aging point of all of the grout mixtures.
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Figure 18a: Hydrostatic compression and uniaxial strain tests on MESP1 grout
samples -- mean normal stress versus volume change (14 day age).
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Figure 18b: Uniaxial strain test on ME8P1 grout sample -- stress
difference versus confining pressure (14 day age).
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Figure 19a: Low stress-strain portion of the triaxial comprgs§ion
tests on MEBPL grout samples -- stress diffefence versus individual
strains (14 day age), see Figure 19b for entire test curves.
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Figure 24b: Triaxial compression tests on ME8P5 qrout samples --
stress difference versus individual strains (14 day aae), see
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Figure 26a: Uniaxial strain tests on ME8QI1 grout sample -- mean
normal stress versus volume change (14 day age).

ME 80

UNIAXIAL _STRAIN

oXlo s

-
g |
LO0S
|
e il
i)

n
v
w
@x
=
w

Figure 26b: Uniaxial strain tests on ME8P11 grout sample --stress
difference versus confining pressure (14 day age).

135 ]




»

o

T [

@© FAILURE ENVELOPE

x

20

53 "

b 1

|

b 15f 1

u. |

':?) |

& = |

T 0 1

w oME 50 2

T S )

S | *MEBQ |
.

@ OSp -~ WME 82 5 |

W

= £680 4 \

» E80 6 |

— ===as s = - 5 J
(0] I 2 - 4

CONFINING  PRESSURE , o s KBARS

Figure 27: Failure envelope based on the triaxial compression tests
on MESP1, ME8A2 and ME3@5 arout samples (14 day aae). Also shown is
the unconfined compression tests on ME8P4 and MESP6.

TABLE 3

Physical Properties, Hydrostatic Compression and Uniaxial Strain
Permanent Volume Compaction and Ultrasonic Wave Velocities on Grout Samples

DRILL HOLE DENSITY gm/cc % WATER | POROSITY |SATURATION | % CALC % MEAS VELOCITY

FOOTAGE 45 BY WET % AIR PERMANENT ft/sec
RECEIVED | DRY GRAIN | WEIGHT voIDS COMP LONG SHEAR

Hyd
3 .98 1.61 2.57 17.4 ) 3.9 4.¢ 12670




DISCUSSION

The matching of the grout properties to the properties of the tuff

in the structural test area is essential to the structures program. A

good match would eliminate many pre-shot and most likely post-shot questions

about the effect of differences in the properties.

In order to achieve a match, it was first necessary to characterize
the tuff in the structures area. Up to the time that the match question
arose, a number of exploratory tests had been conducted. These tests in-
cluded uniaxial strain, physical property measurements and ultrasonic
velocities. From these data, one could obtain absolute values for most of
the important properties with the exception of the shear strength of the
material (failure envelope). The failure envelope may be estimated from
the stress-stress response of the uniaxial strain test. Therefore, the
stress-stress curves for forty uniaxial strain tests were averaged. From
these averages, failure envelopes were estimated (from experience, the

stress-stress curve is assumed to be a lower bound) as reported in a letter

to Mr. J. W. LaComb, 29 Auqust, 1975, and shown in Fiqure 28. The estimated

failure envelopes, admittedly, do not give the exact shape and can vary in
magnitude, but they provided an early strength estimate in order that the
process of matching a grout to the tuff could begin.

Failure envelopes from triaxial compression tests have since been ob-
tained for the tuff from the structures test area (Fiqure 14). With this
recent data, the early strength estimates and comparative triaxial compres-
sion data on U12n.10 ISS#7 from WESA‘ a representative failure envelope of
the tuff in the structures area was approximated by the author and Mr.

R. L. Stowe (WES), Figure 29. This failure envelope is shown again in

L3




Figure 30 along with the failure surfaces of some of the Mighty Epic grout
mixtures tested to date.

Other properties of the tuff in the structures area have been averaged
and the data is listed in Table 4, again with the grout properties for

comparison.
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ESTIMATED FAILURE ENVELOPES

CURVE  SOURCE
O UNIAXIAL STRAIN TEST ON CORE “AMPLES,
(1176 THUR 1399) FROM Ui2n 10 UG

© N AXIAL STRAIN TESTS ON CORE SAMPLES,
(227" THUR 307) FROM UI2n 10 UGn4

3 5 UNIAXIAL STRAIN TESTS ON CORE SAMPLES,
(84 THUR 216) FROM UI2n 10 UGHEA
4 20UNIAXIAL STRAIN TESTS ON CORE SAMPLES,
(3 THUR 309)FROM U120 10 UGH?
S AVERAGE OF ALL OF THE ABOVE
101~ - 1 =13
| = =3
9
054 =
@ |
o ! 4y :
™ — = F
(S
d 1
I
|
& |
a DAk
F/
4 Q2
| i
1 4
N Ri 7, KB

Figure 28: Estimated failure envelopes based on uniaxial strain
test results on core samples from U12n.10 UG#4, UG#6a, ISS#5 and
[SS#7 drill holes3.
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Figure 29: Representative failure envelope for the tuff in the Structures
area, based on uniaxial strain tests and triaxial compression test data
from Terra Tek and WES".
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Figure 30: Combined structures tuff failure envelope and grout
failure envelopes shown in Figure 29 and Figure 27, respectively.

F
TABLE 4
[ _Average Structures Tuff Physical Properties, Permanent
Compaction and Ultrasonic Wave Velocities. Also listed for comparison

is the physical properties of the grout as reported in Table 3.

Orill Hole Density am/cc vater oresity ituratior ol
By Wet ¢ S
Footaage As- ¥
Received} Dry Grair it L
STRUCTURES
[TUFF 1.97 1.67 2.40 15 29 af {5 11 10,400 53
+0.04* +0.08 +0.04 +2 2 +0.7 0.3 1100 110
GROUT Hyd. 1-D %
MEBD1 £.93 1.61 2/57 17.4 38 10 3.7 3.9 4.5 12670 74
ME8@2 1.89 1-57 2.54 17.0 38 84 6.1 4.0 5.1 12864 A
MESP4 1.91 1.56 2.52 18.5 38 92 2.9
MEBP5 1.97 1.67 2453 15.5 34 89 3.7 12<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>