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- ABSTRACT

Stress relief borehole-deformation measurements using the
U.S. Bureau of Mines overcore technique were made at a depth of
442 m below Rainier Mesa, Nevada Test Site. The measurements, .
made in three noncoplaner boreholes drilled in low-modulus, low;
density, volcanic rocks, were used to calculate the three—dimen—
sional stress field. All stresses were found to be compressive.
The calculated vertical stress comppnent of 67 bars is consistent _
with the estimated vertical stress attributed to overburden. The
maximum principal stress (85 bars) trends N, 21° E. and the mini-
mum principal stress (26 bars) trends N, 68° W., both are nearly
horizontal: Synthesis of geologic and geophyaical data by other
workers indicates a similar orientation of the maximum and
minimum horizontal stresses’'on a regional scale.‘""' .
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g INTRODUCTION SR

The USGS (U S. Geological Survey) in cooperation with DNA ...
(Defense Nuclear Agency) and Sandia Laboratories, is currently |
conducting a program of determination and analysis of in situ ]
stress in Rainier Mesa, NTS (Nevada Test Site). Information “.:
obtained from the program is used in containment evaluation for

underground nuclear explosions and in the design and engineering

Lo
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of underground excavations at NTS. It is anticipated that this

program will also laad to a better understanding of stress in
Rainier Mesa and itg relation to the geologic environment,

This report prqgents results of a stress determination
made in the Ul2g tunnel main drift bypass under Rainier Mesa
(£1g, 1), using the USBM (U,S. Bureau of Mines) overcore method.

Stress relief HWorehole-deformation mgasurémen:s in three
nonpqp;aneg boreholes were taken at depths greater than one
tunnel diameter into rock éutrounding the tunnel. Calculated
stress should, therefore, be representative of the stress field,
which is defined as the preexisting, or medium stress, present "
in the rock before mining (Obert and Duvall, 1967).

Appreciation is expressed to W. C. Vqlieg@p;ﬁ of Sandia
Laboratories for his support and assig;gncg'ig tbis'invéstigg—
tion, V. E, Hooker, J.‘R. Aggson, and D. L. pidke% of the USBM
are acknowledged for their céope’raticn in pytevid,irés v.alu'a_ﬁle
technical assistance and adVicé to the USGS cdﬁcgrgingléyetééring
stresg determinations. ' o

INSTRUMENTATION AND METHOD - 3

The stresg relief borehole-deformation m?aﬁﬁr?Wﬁﬁts were -
made yith a USBM three-component borehole-deformation gage : :
(Merriil, 1967) following procedures developed by the USBM |
(Hookr and Bickel, 1974), The gage measures the diametral
deformation across three diameters of a 3.8-cn~ (1,5~in,-)
dtameter pilot fiole 2s 1t 1s befng overcored (stress relieved)
by means of a 15,2-cn- (6-in.-) diameter core barrel. Each of
the three dismetral components of the gage is monifored contin-
uously during overcoring so that a complete record of stress
relief can be gbtained-ra necessary requirement for proper
interpretation of the borehgle-deformation data.

To determide the state of stress by the borehole-deforma-

tion method it is necessary to obtain measurements from at

2
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Figure 1.--Map of part of Rainier Mesa showing Ul2g tunnel complex and
site of stress determination.




least three noncoplaner boreholes. The three boreholes used
in titis report (OCH #2, OCH #4, and OCH #5) and their

TS

4rs+ions are shown on figure 2.

(J

GEOLOGY AND ROCK PHYSICAL PROPERTIES

Rainier Mesa is composed of horizental to gently dipping
zeh fluws and beds of ash-fall and reworked ash-fall tuff and
curfaceous sandstones. The stratigraphic unit in which this
sc-es: dzlermination was made is tunnel bed subunit 4K of
cecciary aps (J. R. Ege and W. H. Lee, written commun., 1971).
“loure 313 a tunnel-level map showing the geology around the
weasiferenc site.

The zsh-fall tuff at the measurement site is a very low
seength, average modulus ratio rock. Deere and Miller (1966)
rerine very low strength as uniaxial compressive strength less
“adn 25y wars (4,000 psi), and average modulus ratio, which
ranges t=tween 200 and 500, as the quotient of the tangent
modusuas at 50 percent ultimate strength divided by uniaxial
compressive strength.

ihe beorehcle-deformation measurements from OCH #2 and
JCH #4 werze made in reddish-brown tuff that contains white
pumice fragments ranging from a few millimetres to about 2.5
cm in diameter. These fragments are relatively small compared
ro the l15-cm~-diameter overcores and should not have had an
effezr on tha borehole-deformation measurements. In OCH #5
o, wurehiie deformation measurements were made in a well-
cenented [iae~ to medium-grained reddish~brown tuffaceous
sanuscone that occurs near the top of the 4K subunit.

No major faults occur in the vicinity of the stress
detcrmination site, and no faults or fractures were encountered
.. the overcore drilling. Apparently no physical or structural

g=3lugic conditions were present at the site that could cause
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Figure 2.--Map of tunnel section showing location and configuration of .
overcore holes OCH #2, OCH #4, and OCH #5.
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Figure 3,--Tunnel-level map showing geology around stress—-determination site
in Ul2g main drift bypass.




local perturbations in the in situ stress field or adversely

affect the boreholeﬂeforrggt:&en)Peasugex:zeni_:g.a s BaE R
A biaxial loading device (Fitzpatriek,<1962) was used to

determine the elastic modulus of selected 15-cm~ (6-in.-)

M Vs At § o weve st

d%iﬂi§ér overegfeegfiom each drill hole. Selected ceEEQ were ..
algo gsuybmitted to-the Holmes and Narver Materials Testing
LdPo¥atéry at NTS for triakial testing. Elastid’ mgdulus values
oﬁtgﬁe.triaxially-tested~samples-were generally—higher—than e
thode ‘determined by the biaxiaI method. This is ﬁrobably due - |
in® paét to the *confining pressures in the triaxiaI tests and
thé’smialler size of the samplés tested. Secant elddtic modulus ...
values defived from the blaxial tests were used in the stress
calculations, as these values best represent conditions during
overcoring. Representative values of Poisson's ratio were
determined from the triaxial tests.

The physical property values used in the stress calcula-
tions are listed in table 1; also listed are natural-state
densities. As the biaxial tests did not indicate significant
anlsotroplc conditions in the rock, isotropic conditions were

assumed in the calculations.

RESULTS

A computer program developed by the USBM was used to
calculate the state of stress using the borehole-deformation
and physical-property data from the three boreholes. Results
of the calculations are given in table 2, along with the
standard deviation of the calculated stress values. Rock
mechanics sign convention, where compressive stress is
designated positive and tensile stress negative, is used in
this report. A negative sign on shear stress indicates the
direction of shear with respect to the designated coordinate

system. Positive normal and shear stress components for the



Table l.-rReprgsentative physical-property values for

i

, rock from each drill hole

K&le No. | SeeaptAQ;astic_ ‘Secaqtlélastic Poisson's Natufal
modulua (E) modulys (E) ratio (V) state
(bars) (psi x 10%) " density
| ’ (g/cm’
OCH #2 48,952 0.71 0.20 1.82
OCH #4 32,405 47 .20 1.89
OCH #5 44,126 .64

.20 1.99




Table 2.--Calculated stresses, Ul2g tunnel main drift bypass
[-é, not - applicable]

‘Stress magnitude Standard deviation | ° Bearing Inclination
bars . pei |  bars: psi : .| 4+ degrees above
' oo horizontal’
-~ degrees below
horizontal

Princiﬁgl stresses

(+,. compression)

S, (minimm)  +25.8 < 437 %39 . %5 . N, 68°W.. -7
S, (maximum) +85.0 41,233 15,2 . $76 - N. 21° E. .20
S, (intermediate)+68.0° " . 4986 £2.9 . %42 N.83°W. +82°.

Normal stress' components in X, Y, Z (east, north, vertical) coordinate system

(+, compression)

. 4345 4500 +3,1° . x45 Bast Horizontal
o, . 476.9 +1,116 25,0 72 North Horizontal
o, ' +67.3 4976  *2.8 . %1 ., === 7 . Vertical

Shear stress componeﬂts inX, Y, 2 coordinate syétem”'
Ty 1+20.1 4292 SR <75 S 74 _— —
T Y426 437 23,4 %50 e -
LN T -70 1.9 C 27 . ee= -
zx . N . i N .

!positive or negative sign on shear stress magnitude indicates direction of shear stress with
respect to X, Y, Z coordinate system.



X, Y, Z (east, north, vertical) coordinate system, using rock
mechanics sign convention, are shown on figure 4.

The orientations of the principal stresses are given as
a bearing and the associated inclination. The inclinations
are referenced to the horizontal with a positive angle indicat-
ing degrees above horizontal, and a negative angle indicating
degrees below horizontal. The principal stresses Sl’ Sz, and

83 are graphically represented on figure 5.

DISCUSSION OF RESULTS

The vertical stress component (Uz in table 2) was calcu-
lated to be 67.3 bars (976 psi). Using average density values
of the overlying rock the estimated vertical stress due to
overburden is about 79 bars (1,145 psi), a difference of 15
percent. Considering the uncertainty in estimating the average
density of the total overburden, the comparison of calculated
and estimated vertical stress values is considered reasonably
good.

The maximum principal stress of 85 bars (1,233 psi) is in
the direction N. 21° E. and is almost horizontal (S2 on fig. 5).
The minimum principal stress (S1 on fig. 5) of 25.8 bars (374
psi) is in the direction N. 68° W. and is also nearly horizontal.-
Stress determinations at several other sites in Rainier Mesa
(V. E. Hooker and others, written commun., 1971; H. W. Dodge,
Jr., unpub. data, 1971; Haimson and others, 1974; W. L. Ellis,
unpub. data; C. H. Miller, unpub. data) also show stress in the
northeast direction to be considerably higher than stress in
the northwest direction, although the principal stress axes may
deviate considerably from the horizontal and vertical.

The magnitude of the principal stress, 52’ is larger than
what would be expected for a gravitational stress field in a

horizontally confined elastic medium. Horizontal stresses for

10
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Figure 4. --Graphical representation of stress components in the x, Y, z coordinate
system. Rock mechanics sign convention. '
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such a medium can be estimated from the relation:

N T o.h?.-T:\'J Uz S T

where v equals Poisson s ratio and G equals vertical stress.
Using the above relation and associated assumptions the hori—
zontal stresses in Rainier Mesa would thus be expected to range '
between 0.25 and 0. 50 times the vertical stress. At this loca~

; 2 is 1, 26 times

the vertical stress 0 .' This would give a so—called excess

stress of at least 0. 76 Uz' or 51 bars (740 psi), in the

tion in U12g tunnel the magnitude of stress S

N. 21° E. direction. Often, excess stress determined by this '
Poisson effect method 1s assumed to be of tectonic origin. How- ‘
ever, as discussed by Bucknam (1973) the ‘Poisson effect approach
to analyses of in situ stress fields is overly simplified and
may be misleading. ‘ ‘

Excess horizontal stresses could be caused by several
factors, either exclusive of or in combination with tectonic
stress. Time-dependent inelastic creep in rocks at depth could
result in horizontal stresses approaching the vertical stress
in magnitude, particularly for 1owhmodulus'rocks. History of
deposition and erosion is another factor which could cause in
situ stress to deviate from that of a gravitational model. '
Brown and Goodman (1963) demonstrated that the final gravita-
tional stresses in a body formed by progressive addition of
material depend on the manner, in which the material is deposited.
Conversely, the final state of stress in a body could be affected
by periods of erosion and unloading. - The presence‘of Intrusive
bodies and faults could be ‘s factor resulting in' either high or
low horizontal stresses, dependent upon the location of ‘the
intrusive or the nature of fault movement. Neither faults nor
intrusive bodies appear to be a'local’ factor at this location

M 8 5 PRI S
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The topographic boundary of Rainier Mesa may have some
influence on the principal stresses S1 and 82’ The direction
-f the minimum stress, Sl’ is roughly perpendicular to the mesa
edge. As this is the direction of least horizontal confinement
it is reasonable to expect it to be the direction of least
rompressive stress. As such it would have an effect on the
prientation and relative magnitudes of principal stresses Sl
and SZ'

It is very probable that tectonic stresses do exist in
Kainier Mesa. Evidence is present which strongly suggests that
rorizontal compressive stress in the NTS reglon is higher in
~he northeast-southwest direction than in the northwest-south-
zast direction. Carr (1974) cites considerable geologic and
seophysical evidence from which he estimated the direction of
vaximum horizontal compressive stress for the region to be
about N. 40° E. Presumably this stress is of a regional
zectonic origin. The stress determined at this site in the
U12g tunnel complex and stresses determined at other sites
in Rainier Mesa exhibit a similar orientation and, as such;
nay reflect regional tectonic stress. However, to attribute
“he principal stress orientations and any excess stress

ragnitudes to tectonic stress alone could be misleading.
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