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Abstract

This report gives the results of a preliminary stability analysis for the
proposed Exploratory Shaft at Yucca Mountain, Nevada. This work was accom-
plished between April 1982 and October 1982 and incorporates the data, program
goals, and design concepts of that period. These guiding factors may be dif-
ferent than those of the publishing date and may therefore produce different
results than would be produced now. The analysis includes investigation of
geotechnical features, in situ stress states, and presence of faults in order
to make a preliminary determination of shaft lining requirements. It was
found that only portions of the shaft wall that have joints would require
bolting and mesh reinforcement before lining, but the level of expected activ-
ity at the shaft bottom may necessitate more extensive reinforcement. A shaft
lining thickness of 12 in. of 5,000-psi concrete should be very adequate for
the proposed shaft.
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1.0 INTRODUCTION

1.1 purDose and Justification

The work described in this report was performed for Sandia National Labo-

ratories (SNL) as a part of the Nevada Nuclear Waste Storage Investigations

(oNwSI) project. Sandia is one of the principal organizations participating

in the project, which is managed by the Us Department of Energy's (DOE) Nevada

Operations Office. The project is a part of the DOE's program to safely dis-
pose of the radioactive waste from nuclear power plants.

The DOE has determined that the safest and most feasible method currently

known to dispose of such wastes is by storing them in mined geologic reposi-
tories. The NNMSI project is conducting detailed studies of an area on and
near the Nevada Test Site (NTS) in southern Nevada to determine the feasi-

bility of developing a repository.

This report presents the results of a preliminary stability analysis for
the proposed Exploratory Shaft (Es) at Yucca Mountain, Nevada. This shaft,
which is to be conventionally sunk and concrete lined, will have a finished

inside diameter of 12 ft and a nominal depth of 1,600 ft. It will pass
through the Topopah Spring Member and bottom out in the Calico Hills forma-
tion. This investigation includes determination of factors that have an
impact on the stability of the shaft--geotechnical features, in situ stress

states, and faults--and the shaft lining requirements. The recommended shaft

lining of 12-in. minimum thickness and 5,000 psi concrete is evaluated. This

report is not intended to be a detailed lining design but could serve as input

for such a design.
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2.0 PROBLEM DEFINITION

2.1 Shaft Geotechnical Features

A number of holes have been cored in the vicinity of the proposed shaft.

The most recent hole, G-4, is within 300 ft of the actual proposed shaft loca-

tion. The United States Geological Survey (USGS) is responsible for the

detailed description and logging of the core. At the time this report was

prepared, only the notes from the field logging of the core were available,

and the information in the logs shown in Figures 1 and' 2 was presented

strictly for the purpose of identifying potential geotechnical problems. When

the actual G-4 logs become available from the USGS (Spengler et al., 1981),

the data may vary from that presented in these figures.

The depths below surface at which the major formations occur are summar-

ized in Table 1.

Table 1

DEPTH OF MAJOR FORMATIONS

Depth Below
Formation Surface (ft) ;

Topopah Spring 240

Calico Hills . 1,420

Prow Pass 1,780

The major portion of the excavation for the shaft (1,600 ft) will be in

the Topopah Spring formation. The bottom of the shaft will be in the Calico

Hills formation. The depth of the static water table is expected to be about

1.880 ft; all workings are above this level. The lithophysal zone, which is

comprised of tuff with hollow, bubble-like voids or filled-void structures

that are found in certain volcanic rocks, extends from a depth of 420 to 1.000

ft. An examination of this zone, as it appears in similar cores, indicates

that it presents no particular problem to construction. Some zones had very

poor core recovery. This is thought to be caused by zones with lithophysae of

a size comparable to the core diameter and by poor coring technique. These

3
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conclusions are arrived at by examining the core. The poor core recovery

should not therefore reflect in construction problems.

2.2 Shaft In Situ Stress State

In order to evaluate shaft stability and lining design, it is Important

to establish the in situ stress state in terms of stress magnitudes, stress

ratios, and stress directions. Due to the paucity of available information

scale factors have been used to reduce laboratory strength values to those

which might be expected in the field.

Hydrofracing data from Hole G-1 have been interpreted by Zoback and

Hustrulid as reported by Haimson (1983) to determine minimum and maximum

horizontal stress magnitudes. The magnitude of the minimum horizontal stress,

i (min). which is equal to the shut-in pressures, is plotted as a

function of depth in Figure 3. All of the measurements for this plot were

made below the bottom elevation of the proposed shaft and below the level of

the static water table. In order to use this information in the design, it is

necessary to extend the data to cover the depth range of 0 to 1,600 ft.

The approximation of the maximum horizontal stress from the hydrofracing

data is a more difficult problem since it requires a knowledge of the forma-

tion tensile strength and the pore pressure. The tensile strength was calcu-

lated using the first and second formation breakdown pressures (Bredehoeft,

1976). The two approximations of the formation pore pressure during hydraulic

fracturing were used. They are

* that induced by a water column extending to the surface, and

* that due to a water column extending to the static water table.

2.3 Shaft Faults

A number of high-angle faults have been mapped in the Yucca Mountain

areas. On the east-west cross section. C-C', 12 faults have been projected

(Figure 4). The dips, as measured from the cross section and given in Table

2, range from 76 to 840 from the horizontal. The log of Hole G-4 (Figures 1

and 2), shows the possibility of encountering fault zones near the ES during

shaft sinking. A wedge of rock will appear in the shaft wall near these

6
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Table 2

DIPS OF THE FAULTS ALONG THE EAST-VEST SECTION (C-C')

Dip From
Horizontal

Fault (decrees)

C1 77.0
C2 76.5
C3 78.0
C4 76.0
C5 78.0
C6 82.0
C7 82.5
C8 84.0
C9 83.5
CIO 77.5
Cli 79.0
C12 82.5

high-angle fault zones. In the Topopah Spring Member, these fault zones,

together with the joint sets, will provide another plane for block slipping,

which could cause shaft construction problems should the block slip.

2.4 Shaft Lining Recuirements

There are a number of different approaches that have been used in the

past to estimate shaft lining requirements. Some of these approaches have

been outlined in a background paper (Hustrulid, 1982). The application of

these approaches requires knowledge of the cohesion (c) and angle of internal

friction (+) or, alternately, the unconfined compressive strength (ac )

and passive pressure coefficient [tan 8 - (I + sin 4)/(l - sin 4)1. The

required values for the Topopah Spring and Calico Hills formations are not

presently available, nor is it expected that they will become available before

shaft sinking. Therefore, data from the Mt. Taylor Mine (Abel et al., 1979)

have been analyzed to determine shaft lining requirements.

An estimate of the magnitude and uniformity of the pressure that would be

applied to the periphery of the shaft is also necessary in determining the

thickness of concrete lining required and the strength of the concrete.
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3.0 TECHNICAL APPROACH

3.1 Shaft Geotechnical Features

Depths of core losses and of intense jointing have been carefully mea-

sured from data collected from Holes G-1 and G-4. The percent core recovery

for Hole G-4 was calculated from the USGS field logs in +20-ft sections. The

results (Figure 1) indicate that the percent of core recovery was generally

high although there are a few zones where the percent of core recovery was

significantly less than that of the adjacent rock. significant core loss

(Spengler et al., 1981) was observed at the following depths:

* 150 - 200 ft.
* 480 - 520 ft.
* 700 - 730 ft. and
* 1,250 - 1,300 ft.

The loss in core can be attributed to various factors, such as drilling

problems, rather than the natural structure of the rocks. Rock Quality

Designation (RQD) values are not provided because calculation of these values

requires a distinction between natural and mechanical fractures (data missing

from the log).

The structural logs from Hole 0-1 have been reviewed (Spengler et al.,

1981) for additional information for preliminary estimates of stability. The

average number of joints for each 10-ft interval in the Topopah Spring

formation from Hole USW G-1 is 2.2, and from Hole U-25A the number is 4.5.

For Hole USW G-1, the greatest number of fractures (the logs do not specify

exactly how many) per 10-ft interval occurs in the same formation at the

following depths:

290 - 310ft.
430 - 440 ft.

* 520 - 600 ft,
* - _660 - 810 ft. and
* 1,190 - 1,350 ft.

The depths of most intense jointing in Hole G-1 are of the same general

order of magnitude as the depths of higher core losses in Hole G-4. Only five

joints were noted in the approximately 375 ft of Calico Hills intersected by

Hole G-l, and those were located at the top and base of the formation. The

11



characteristics of the joints for the Topopah Spring Member and Calico Hills

formations for Hole a-1 are summarized in Figure 5. A majority (54%) of the

fractures in the Topopah Spring Member are high angle, 70' to 90' (from

horizontal). About 29% of the fractures are low angle, 0- to 30, and the

remainder of the fractures range from 30' to 70°.

3.2 Shaft In Situ Stress State

Minimum and maximum horizontal stresses have been calculated to deter-

mine shaft stability. If it is assumed that the vertical stress is due to the

weight of the overburden and that a gravitational model is appropriate for in

situ stress calculation, the predicted minimum horizontal stress can be calcu-

lated for different values of Poisson's ratio CW) as

h - (a) (1)

This relationship assumes elasticity and no tectonism of rocks. The

results of these calculations are presented in Figure 6. (The kink in the

curves in Figure 6 is due to the pore pressure contribution.) The data appear

to be best described by the curve for v - 0.25. This value of Poisson's

ratio is similar to that obtained from laboratory property tests conducted on

small samples. (Additional in situ stress measurements are presently being

conducted and analyzed. As new data become available, this interpretation

(v - 0.25) should be re-examined. This suggests that oh - 1/3 a.]

Minimum horizontal stresses were calculated as in Bquation 1.

The relationship between the maximum and minimum horizontal stresses is

shown in Figure 7. When pore pressure is induced by a water column extending

to the static water table, the ratio of maximum to minimum horizontal stress

appears to vary with depth. It is not clear how the stress ratio analysis

should be extended to the shaft depth range. Based on stress measurements

made at NTS and discussions with SUL personnel, for the purpose of analysis,

it will be assumed that the horizontal stress ratio varies from 1 to 2. It is

quite possible that the best fit line in Figure 7 will extend all the way to

the surface. Large horizontal stresses near the surface are quite common. It

is also possible that the curve will change dramatically with decreasing depth

12
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because the effect of the tectonic component is lost as the distance is

increased above the surface base level of Yucca Mountain and less of this

component can be transmitted upward. In addition, if there is a topographic

effect, it also might decrease with decreasing depth. This complicates the

analysis somewhat because of the changing stress ratio with depth and it might

become even greater than 2.

If there is a difference in the maximum horizontal stresses, the direc-

tions of the principal maximum and minimum horizontal stresses must be deter-

mined for the purpose of calculating factors of safety. Televiewer studies

conducted in Hole 0-1 suggest that a preferred direction of fractures is

N 15 S. Until better information becomes available, this will be used as the

direction of the maximum horizontal stress.

Laboratory strength tests were performed on intact samples prepared from

drill cores to determine rock strength (Tillerson, personal communication,

1981). of particular importance are the results obtained from samples taken

from the Calico Hills formation because that formation is approximately five

times weaker than the Topopah Spring formation and occurs at the greatest

depth in the shaft. Assuming the designed thickness for the lining will not

vary with depth of the shaft, the most severe lining stresses would be

expected to occur at the greatest depth in the Calico Hills. If

av is the stress due to the weight of the overburden,

ov is calculated as ov j4H

where

Y - average weight density of overlying strata (lb/ft3),

H - depth below surface, and

144 - conversion factor for ft 2 to in.2

In addition, as suggested by Figure 6 (v - 0.25),

H (min) - 1/3 a and

i (max) -(1 x 2) a. (min) (Figure 7).
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It is assumed that failed regions do not "change* the stress field

observed from the initial circular opening.

The most likely compressive (shear) failure can occur in the vertical

plane from the radial and vertical stresses (horizontal stress ratio - 1) and

in the horizontal plane from radial and horizontal stresses (horizontal stress

ratio - 2).

Laboratory tests performed on intact samples of the Calico Hills formation

provided the failure relationships shown in Table 3.

Scoping studies were conducted using the following procedures:

* the geometry of the boundary-element mesh was produced;

* the horizontal stresses were superimposed onto the boundary mesh;

* stress concentrations were estimated from the geometry of the hole in

the plate;

* the stresses (from the- concentrations) were compared to the failure

conditions; and

* 'failure* was assumed to occur where the stresses exceeded rock

strength.

The scoping studies used the properties, as measured in experiments on

dry samples (Figure 8), in a boundary element analysis, which, in this case,

analyzes the stresses around a circular opening, by replacing the solid with a

finite network of discrete elements (mesh, shown in Figure 9). An iteration

technique is used to calculate average stresses and displacements in each

element. The scoping studies are calculations using various input values

Table 3

FAILURE RELATIONSHIPS DERrIED FROM UNIAXIAL COMPRESSIVE STRENGTH TESTS ON THE
CALICO HILLS FORMATION (Tillerson, 1981)

Dry Samples Yet Samples

Cl a 4553 + 2.47 03 01 * 3496 + 1.47 03

°1 - maximum principal stress (psi)
03 - minor principal stress (psi)

17
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*Includes 6-ft-radius shaft plus 1-ft-thick concrete liner.

Figure 9. Mesh Used In the Boundary Element Simulations
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for unconfined compressive strength and horizontal strength ratio (as in Table

4) to examine sensitivity and provide estimates that are representative of a

wide range of possibilities. Properties of dry rock were chosen because the

proposed repository lies above the water table. It was assumed that the rock

mass properties could be approximated by a reduction in the unconfined

compressive strength measured in the laboratory (Duvall, 1977). Laboratory

compressive strengths were converted to field values using reduction factors

of 1, 2, and 4 (Duvall, 1977) for horizontal stress ratios of 1 and 2. The

cases studied are presented in Table 4, and the results are shown in Figures

10 through 14.

For Cases 1, 2, and 4 no failure of the rock around the shaft is indi-

cated. For Case 3 in which the horizontal stresses are equal to 725 psi and

the unconfined compressive strength of the rock mass is one-fourth that

observed for small samples tested in the laboratory, the failed zone extends a

maximum distance of about 1 ft. For Cases 5 and 6 in which the principal

horizontal stresses are unequal and the unconfined strength is, respectively,

one-half and one-fourth that obtained in the laboratory, the corresponding

maximum failure zone depths are 2 and 4 ft. as can be seen. For Cases 5 and

6, the failure zone is thickest at 90° to the direction of the maximum prin-

cipal horizontal stress, as expected.

Table 4

CASES STUDIED USING BOUNDARY ELEMENT SIMULATION

Horizontal Stress Minimum Horizontal Unconfined Compressive
Case Ratio stress (Rsi) Strength (psi)

la 1 725 4553
2b 1 725 2276
3c 1 725 1138
4a 2 725 4553
5b 2 725 2276
6c 2 725 1138

a This case incorporated reduction factor 1.

b This case incorporated reduction factor 2.

c This case incorporated reduction factor 4.

20



N MAXIMUM HORIZONTAL
STRESS

SHAFT ID a 12 FT

N. SHELL THICKNESS a 1 FT

MINIMUM HORIZONTAL
STRESS

/
*Includes 6-ft-radius shaft plus 1-ft-thick concrete liner.

Figure 10. Soundary Element Simulation For Cases 1 and 2..
a 725 psi. Maximum Stress a 725 psi, Strength a

mint=m Stress
2.276 psi
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N MAXIMUM HORIZONTAL
STRESS

SHAFT ID w 12 FT

SHELL THICKNESS - 1 FT

MINIMUM HORIZONTAL
STRESS

/
*Includes 6-ft-radius shaft plus 1-ft-thick concrete liner.

Figure 11. Boundary Element Simulation For Case 3. Minimum Stress - 725 psi,
Maximum Stress - 725 psi, Strength - 1.138 psi. (The shaded area
indicates a conservative estimate of the failed region.)
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N MAXIMUM HORIZONTAL
STRESS

SHAFT ID a 12 rT

X.. SHELL THICKNESS e 1 FT

MINIMUM HORIZONTAL
STRESS

./
*Includes 6-ft-radius shaft plus 1-ft-thick concrete liner.

Figure 12. Boundary Element Simulation For Case 4. Minim=m Stress w 725 psi.
Maximum Stress a 1.45D psi. Strength a 4.553 psi
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N MAXIMUM HORIZONTAL
STRESS

SHAFT ID a 12 FT

S. SHELL THICKNESS a1 FT

MINIMUM HORIZONTAL
STRESS

/
*Includes 6-ft-radius shaft plus 1-ft-thick concrete liner.

Figure 13. Boundary Element Simulation For Case 5. Minimum Stress - 725 psi,
Maximum Stress - 1.450 psi, Strength - 2,276 psi. (The shaded
areas indicate a conservative estimate of the failed region.)
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MAXIMUM HORIZONTAL
STRESS

SHAFT ID a 12 FT

SHELL THICKNESS 1 FT

MINIMUM HORIZONTAL
STRESS

*Includes 6-ft-radius shaft plus 1-ft-thick concrete liner.

Figure 14. Boundary Element Simulation For Case 6. Minimum Stress - 725 psi,
Maximum Stress - 1,450 psi, Strength - 1.138 psi. (The shaded
areas indicate a conservative estimate of the failed region.)
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3.3 Shaft Faults

The potential for major block sliding through fault surfaces with

consequent disruption of the shaft has been considered. This situation can be

represented by blocks sliding over one another as shown in Figure 15. The

normal and shear stresses acting on the plane, written in terms of principal

stresses, aI and a3, are

a1 _+a03 ______*

2 + 2 cos 20 and

a - a

'e ' 2 sin 2e

where

So = normal stress acting on the plane oriented at angle 0 to

the maximum principal plane,

'e = shear stress acting on the plane,

a1 a maximum principal stress, and

a 3 - minimum principal stress.

The resistance to sliding along the plane (shear resistance) is given by

T - C + PagO

where

C - cohesion and

- friction coefficient.

The factor of safety (FS) against sliding can then be written as

F shear resistance
shear stress

or

al + a3 aI -a
C + 2* + 2 --- ~-cos 20

aa3
2 Finsin 202l-°

26



S

el

7-a

Figure 15. Diagrammatic Representation of the Stresses Acting on a Plane
Oriented at an Angle to the Principal Planes

27

;, A-



In applying the equations to the analysis of the fault behavior at Yucca

Mountain

°l1 Overburden'

%3 wa& (min),

H oin) 1/3 overburden (for v = 0.25). and
a - dip angle of the faults.

In the most conservative case that is analyzed here, the cohesion (C) is

assumed to be 0. (This is an extremely conservative assumption because even

if there is no true cohesion, waviness along the fault plane can lead to an

apparent cohesion.) For this particular set of conditions, the PS has been

plotted as a function of dip angle and coefficient of friction in Figure 16.

Attention should be focused on fault dips of 75" to 85 that apply at Yucca

Mountain.

3.4 Shaft Lining Requirements

There is little information in the literature to provide the guidance

needed in determining shaft lining requirements. Few measurements of actual

lining pressures have been measured and reported. However, information

concerning the lining at the Mt. Taylor Mine of Gulf Minerals in the Grants

area of New Mexico is available and the details are summarized in Table 5

(Abel et al., 1979). The shaft bottoms out at a depth of approximately 3,032

ft in the westwater Canyon Member. The horizontal stress field is considered

to be isotropic and of a magnitude 0.7 times the overburden stress. The

strength properties of the Mancos Shale (dry samples) and the Westwater Canyon

Member formations, essentially bound that of the Calico Hills (dry samples).

That is, the strength value for the Calico Hills formation falls within the

strength value curves for Mancos Shale and Westwater Canyon Members

formations. The average horizontal stress is higher than that assumed for

Yucca Mountain. Therefore, because other information is lacking, the Mt.

Taylor data will be used as a guide to approximate the design of the shaft

lining for the ES. (Although the Mt. Taylor data are useful as a guide, the

Yucca Mountain material is entirely different.)
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Table 5

Summary of Mt. Taylor Dataa

Conventionally Sunk Shaft

Concrete Lining ID

14 ft

5,000 psi

Excavation Diameter - 18 ft

Nominal Wall Thickness - 2 ft

Depth - 3,032 ft

Rock Types

* Mancos Shale

7,720 + 3.27 @3 (psi)

* Westwater Canyon Member

aI-' 2,730 + 2.90 a 3 (psi)

asbel et al.. 1979.

Abel et al. (1979) report the measured lining pressures at three eleva-

tions in the shaft as shown in Figure 17. if the tuffs are quite viscoelastic

with short relaxation times, the material will essentially flow around the

liner. In this case, pressure on the liner may reach a sizeable fraction of

the original stress field in a few years to possibly a few thousand years.

Some viscoelastic (creep) studies should be recommended because if the

material creeps, P0 approaches at least *3. With a3 - 800 psi,

the value for a in Equation 1 becomes 10,800 psi (failure of a 5,000- or

7.000-psi concrete). This is clearly a worst-case scenario, but it is

possible and suggests the need for further studies. Mancos shale is present

at the 1,000- and 2,000-ft depths, and Westwater is at the 3,000-ft depth.

Upper and lower bounding curves, incorporating all reasonable data points,

were drawn by the present author to indicate that at a depth of 1,600 ft
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(the approximate maximum depth of the IS) the corresponding upper bound lining

pressure is 300 psi. The maximum lining stress can be calculated using the

thick-walled cylinder representation:

2 PO (a + t)2

(a + t)2 _ a2

where

a0 - maximum tangential stress in the lining (psi),

P0 - pressure applied to outside of lining (psi).

a - inner shaft radius (in.), and

t - thickness of shaft lining (in.).

The FS can be computed by comparing the maximum tangential stress

(O) in the lining to the compressive strength of the lining (CS):

Fs.CS

The FS has been plotted as a function of lining thickness for 5,000- and

7,000-psi concrete In Figure 18. The corresponding safety factors against

compressive failure for a minimum 12-in.-thick lining are 2.21 and 3.09,

respectively.
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4.0 RESULTS OF IMVESTIGATION

For conventional shaft sinking,

* Only that portion of the shaft wall, which has daylighting joint

toes, would require reinforcement. Although from an operational

viewpoint, other considerations, such as geologists actively mapping

at the shaft bottom, may dictate further reinforcement.

* Because the lining will probably be kept at a minimum distance of

about two diameters from the shaft bottom, most of the rock relaxa-

tion (development of the relaxed zone) will have occurred before lin-

ing installation. Therefore, translation of the boundary element

simulation results into expected lining pressures is difficult. If

all of the relaxation has occurred before lining, then the expected

lining pressure would be zero. If further bulking occurs after lin-

ing emplacement, then pressure could develop.

* Given the conditions in Subsection 3.3, the minimum Fs against

sliding (neglecting cohesion) is about 1.4, which suggests that shaft

disruption by block sliding is very unlikely.

The boundary element simulation indicates that

* The horizontal stress ratio does have a significant effect on the

extent of failure.

* If a rock mass strength reduction factor of two applies, the failure

problems would be minimal.

* If a rock mass strength reduction factor of four applies and the

horizontal stress field is nonisotropic, then shaft wall failures

could occur.

* With respect to the possibility of shaft wall failures, maximum wall

sloughing would occur at 9o0 to the direction of the maximum hori-

zontal stress.
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5.0 RECOM4ENDATIONS AND CONCLUSIONS

The primary shaft sinking will occur in the Topopah Spring formation, and

the shaft construction will have to contend with the presence of high-angle

joints. The logs suggest the presence of a few zones where special construc-

tion watchfulness and care may have to be taken. Given the potential for

joint loosening, the blast pattern should be carefully planned and executed.

Reinforcement before lining of some portions of the shaft wall may be required

on a regular basis. The final detailed USGS drilling and core logs should be

carefully studied, and potential zones for fault-induced local instabilities

delineated for the shaft contractors. In this way, any danger to the shaft

sinkers would be minimized. Some additional time for bolting, scaling, and

observation should be included in the schedule.

It is highly recommended that a shaft instrumentation program (lining

pressures, development, and extent of the relaxed zone) be incorporated into

the sinking program. Furthermore, samples of concrete should be taken (at the

shaft bottom) and tested at regular intervals to assure that a proper mix is

being delivered. Care should be taken to deal with segregation. Observations

in both the Topopah Spring formation and the early stages of the Calico Hills

formation could be used to modify the lining design in the deeper portions of

the Calico Hills, should that become necessary.

As with most shaft sinking programs, there is relatively little

information available upon which to make a very detailed design analysis. The

analysis that has been done suggests that

• A lining thickness of 12 in. of 5,000-psi concrete should be very ade-

quate for the proposed shaft and should not present any special con-

struction problems.

• Major shaft-sinking difficulties are not anticipated.

The jointed nature of the Topopah Spring Member may require some tempo-

rary reinforcement before installation of the lining. The need for

this reinforcement (which would be in the form of bolts and possibly

mesh) would be controlled by

- the orientation and spacing of joints,

- the degree of blast damage done during sinking, and

- the distance between the shaft bottom and the lining.

37

.n l - n. � :.' 1 '_' - .. r - � --



* In the Calico Hills, depending upon the rock mass strength and the

ratio of the horizontal stresses, some rock reinforcement may be

needed before lining. If the maximum principal stress direction is

N 15° B. some minor spalling of the walls at 90g to this direction

might occur. Bolts, .5 to 6 ft long, would easily restrain

deterioration.

* The disruption of shaft functions by block sliding along fault planes

is considered extremely remote. However, local instabilities in the

vicinity of faults should be expected. If instabilities are antici-

pated and planned for, the exposed wedges of rock can be easily

handled with bolts. A careful examination of the core log should

provide the necessary planning assistance for the contractor.

* A carefully planned and coordinated geomechanics measurement program

should provide the information needed to assess the design of this

shaft and to make recommendations for improving the design of future

shafts.
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