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Table 1.--State of stress determined in U129 tunnel main drift bypass (USBM overcore method)
(+-~, not applicable}

Stress magnitude Standard deviatfon Bearing Inclination

+ degrees zbeve
horvizonial

- degrees below
horizantal

MPa MPa

Principal strcesses

(+, compression)

S1 {(minimum) +2.6 0.4 N. 68° W, -7°
82 (maximum) +8.5 £0.5 N. 21° E. +2°
83 (intermediate) +6.8 ;0.3 N, 83° W, +32°¢

Normal stress components ian X, Y, Z (east, north, verti-al) coordinate system

(+, compressioa)

x +3.5 10.3 East Horizontal
9 +1.7 10.5 North Horizontal
% +6.7 10.3 --- vertical

Shear stress components in X, Y, Z coordinate systenrl/
Txy +2.0 - 10.3 .- -
Yyz +0.3 £0.3 .-
Tax -0.5 | 20,2 --- ---

J&osiciue or negatlve sign on shear stress magnitude 1ndicaces direction of shear stress with respect to
X, Y, 7 coordinate systen.

State of in situ stress. U12g tunnel, main drift bypass. Rainier Mesa. From Ellis and Magner, 1980.
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Graphical representation of principal stresses. U12g tunnel, main drift bypass. Rainier Mesa. From Ellis and Magner, 1980.
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Table 2.--State of stress determined in Ul2e.06 drift (USBM overcore method)

{+-~, not applicable)

Stress magnitude Standard deviation Bearing Inclination
+ degrees above
HPa hPa - desrecs helou
horizontal
Principal stresses
(+, compression)
S1 (mininum) +3.7 10.5 N. 88° E. -20°
5, (naximum) +6.6 £0.5 N. 51° W, -64°
53 (intermediate) +4.7 ¥0.4 N. 4° E. t16°
Normal stress components in X, Y, Z (east, north, vertical) coordinate system
(+, compression)
°x +4.0 10.4 fast Horizontal
% +4.8 £0.4 North Horizontal
% +6.1 10.5 -—- Vertical
Shear stress components in X, Y, Z coordinate system!!
Txy -0.2 £0.3 - -——-
Tyz -0.5 £0.3 --- ---
Tax +0.9 0.4 --- ---

--fPositive or negative slgn on shear stress wagnitude indicates direction

X, Y, Z coordinate systemn.

State of in situ stress. U12¢.06 drift. Rainier Mesa. From Ellis and Magner, 1980.

of shear stress with respect to
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Stress magnitude " Standard deviatlon -Bearing Inclination
+ degrees above
horizontal
tPa MPa. - deprees below
horizontal
Principal stresses
(+, compression)
S1 (minfimum) +2.8 $0.4 N. 75° M. +12°
52 (maxtnum) +6.9 $0.4 N. 4°E. -40°
S, (intermediace) +6.0 10.4 N. 28° E. +48°
Normal strcss components in X, Y, Z (east, north, vertical) coordinate system
(+, compression)
% +3.1 20.4 East Horizontal
OY +6.3 10.4 North Horizontal
%2 6.2 10.3 - Vertical
Y
Shecar stress componeats in X, Y, Z coordinate system
Txy 10.8 10.3 -
“ ~
yz -0.6 10.3 --- ---
Tox 10.6 10,3 --- ---

'éoal(t:c or regative slgn on shear stress wvagnitude indicaces direction of shear stress with respect to
A, 1, ¢ coordlnate sysivn.

State of in situ stress. Ul2e.18 working point. Rainier Mesa. From Ellis and Magner, 1980.
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Graphical representation of principal stresses. Ul2e tunnel complex. From Ellis and Magner, 1980.
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Stress magnitude Standard deviation Bearing Inclination

+ deprees ahceve
horizoncal
- degrees below
horizontal

MPa MPa

Principal stresses

{+, compression)

S; (msnimum) +2.4 10.9 N. 44° W, -2°
S, (maxinum) +8.5 10.5 N. 47° E. -20°
83 {intermediate) +5.6 10.4 N, 42° E, +70°

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

(+, conmpression)

%% 5.4 1.0 East Horizontal

OY +5.2 | 10.4 North . Horizontal

% 6.0 10.4 --- Vertical
1/

Shear stress components in X, Y, Z coordinate systen—

xy +2.9 - 10.5 — ———
T

yz -0.6 10.3 .—- —
sz -0.7 ) 0.5 ——— ———

léositivc or negative sign on shear stress wagnicude indicaces direction of shear stress with respect to
X, Y, Z coordinate systen.

State of in situ stress. U12n.07 drift. Rainier Mesa. From Ellis and Magner, 1980.
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Stress magnitude

Standard deviation Bearing Inclination
+ degrees awove
hPa HPa deprees tetow
hovicontal
Principal stresses
(+, compression)
51 {(minimum) +1.4 10.5 N. 49° W, +22°
52 (max1imum) +11.7 10.8 N. 59° E. +37°¢
S, {intermediate) +5.8 10.4 N. 18° E, -45°
Normal stress components in X, Y, Z (e&st. north, vertical) coordinate system
(+, compression)
°x +6.4 £0.5 East Horizontal
°y 5.1 10.3 North Horizontal
% +7.4 10.3 --- Vertical
.Shear stress componeats in X, Y, Z coordinate system!!
“xy +3.5 £0.3
“yz +0.5 £0.2 ---
“2x | +3.6 +0.8 _—

14ositivc or negative sign on shear stress wagnitude indicates direction of shear stress with respect to

X, Y, Z coordinate systen.

State of in situ stress. U12n.10 working point. Rainier Mesa. From Ellis and Magner, 1980.
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Stress magnitude Standard deviation Bearing Inclinacion

+ degrees above
horizoncal

- degrees bhelow
horfrontal

dPa MPa

Principal stresses

{(+. compression)

S, (minimum) 5.7 - 10.7 N. 59° W, +50°
S2 (maximum) +8.6 10.4 N. 53° E. +17°
83 {intermediate) +6.2 0.4 N. 25° M, -34°¢

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

(+, compression)

x t7.4 10.7 East Ho: 1 :ontal
Oy 16.9 10,7 North Horizontal
% +6.1 10.4 -—-- Vertical

Shear stress components in X, Y, Z coordinate system-'—/
Txy .0 10.4 --- ---
vz 40,3 10.4 - -
Tax 10.8 £0.4 ' --- ---

Mositive or negative sign on shear stress wagnitude indicates direction of shear str.cs with respect to
X, Y, ¢ ccordinate system.

State of in situ stress. U12n.10A working point. Rainier Mesa. From Ellis and Magner, 1980.
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Stress magnitude Standard deviation Bearing Inclination
+ dearees above
HPa WPa  degrees helou
horizonzal
Principal stre2sses
{+, compression)
S1 (minimum) +3.8 10.7 N. 2° E. +22°
S2 (maximun) +7.0 t1.0 N. 84° W. -9°
83 (intermediate) +6.1 10.7 N. 27° E. -66°

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

(+, compression)

x +7.0 1.0 East Horizontal
OY 4.1 10.7 North Horizantal
% 5.8 10,6 --- Vertical

Shear stress comporents in X, Y, Z coordinate systeml/
Ty -0.2 10.8 .- .-
Yye -0.8 10,5 ---
T 10.1 10.6 - ---

Mosteive or regative sign on sheac stress vagnitude indicates direction of shear stress with respect to
X, Y, 2 coordinate systen.

State of in situ stress. U12n.10B structures drift. Rainier Mesa. From Ellis and Magner, 1980.
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5,-B.5 MPa N.4JL. -20°
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S,-b.8 MPa N, -qs VERTICAL

NORTH
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$,-3.8 WPa N.02°E. 22"
S,-7.0 MPa N.BA™M. 9"
$,-6.1 WPa N.27°F. -66"
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VERTICAL

NORTU

$,°5.7 Wa N.50°W. 150~
$,:8.6 WPa N.53°F. 1))~
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NORIH

Graphical representation of principal stress. U12n tunnel complex. Rainier Mesa.
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tress magnitude Standard deviacion Bearing Inclination

+ degrees e2bove
horizontal
- degrees helow
hort:ontal

MPa MPa

Principal sctresses

{(+, coampression)

Sl (minimun) +2.6 0.5 ’ N, 62° W. +3°
S2 (m2ximun) 6.6 10.5 N. 73° E. +86°
53 {intermcdiate) +5.9 10.4 N. 28° E. -3°
Wormal stress components in X, Y, Z (east, north, vertical) coordinate systea
{+, conpression)
%x +3.3 0.4 East Horizontal
ay +5.2 0.4 North Horizontal
% +6.6 0.5 -n- Vertical
Shear stress components in ¥, Y, Z coordinate system]—,
Txy 1.4 10.3 ' -—- ---
T
ye -0.1 10.5 - -
“ax 10.2 £0.5 ---

_lﬁ’ositivu or negative sign on shear stress wagnitude indicaces directicn of shear stress with raspect to
X, Y, Z coozdirate systea. :

State of in situ stress. U12t.02 SRI alcove. Aqueduct Mesa. From Ellis and Magner, 1980.
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Stress magnitude Standard deviation Bearing Inclinstion

+ degrees above
horizontal

- degrecs below
horizontal

MPa MPa

Princlpals stresses

(+, compression)

$, (minimum) +4.3 ‘ 11.0 N. 37° W. +31°
52 (naximum) +8.1 0.8 N. 33° E. -29°
83 (intermediate) +5.2 10.9 ‘ N. 89° E. +45°

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

(+, compressioa)

X i 5.6 10.8 tast Horizontal
“y +6.3 0.8 North Horizontal
% +5.6 10.8 --- Vertical

Shear stress componecnts in X, Y, Z coordinate systcml
Txy +1.3 10.5 -——- -—-
Tya -1.4 £0.7 - .
Tax -0.4 0.6 — —_——

léositive or regative sign on shear stress wmagnitude indicates direction of shear stress with respect to
X, Y, Z coordinate systien.

State of in situ stress. U12t.03 working point. Aqueduct Mesa. From Ellis and Magner, 1980.
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S, 6.6 MPa N./73°L. 1150~ VERIICAL S,=8.1 MPa N.33°€. -29~
S,h.9 Hia N.2B L. -3 S, $4=5.2 MPa N.89"f. +4- VERTICAL

NORTH

NORTH

\ EAST ' | \\

U12t.02 SRI1 alcove : U125.03 working puint

Graphical representation of principal stresses. U12t tunnel complex. Aqueduct Mesa. From Ellis and Magner,
1980.
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State of in situ stress. U12n tunnel. Rainier Mesa. From Haimson, 1983.
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DEPTH [m] .

LocaTion | POWLND| R | ea | R
U12n Tunnel 232 1.0 4.3 5.8
U12n Tunnel 284 22 5.2 74
U12n Tunnei 300 3.0 5.4 8.2
U12n Tunnel 314 3.6 5.8 6.9
U12n Tunnel 346 3.1 6.3 7.0
U12n Tunnel 364 3.1 6.7 8.7
U12n Tunnel 378 3.0 7.0 9.0
U12n Tunnel 378 4.0 7.0 9.0
U12n Tunnel 380 3.5 7.0 9.0
U12n Tunnel 400 34 7.3 9.1
U12n Tunnel 405 3.2 75 9.2
U12n Tunnel - 410 4.0 7.6 10.7
U12g Tunnel 426 3.0 7.3 7.5

State of in situ stress. U12n and U12g tunnels. Rainier Mesa. From Haimson, 1983.
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Mohr representation of in situ stress. U12g tunnel, main drift bypass. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12e.06 drift. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 74
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o, =6.9MPa 0. = 28 bars.
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o3 =2.8MPa

PORE PRESS - 0 (VADOSE ZONE)

ROCK - TUFF

DEPTH - 383m

20

Mohr representation of in situ stress. Ul2e working point. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n.07 drift. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n.10 working point. Rainier Mesa, Aqueduct Mesa.

plate 4.2.5.3.-21




SHEAR STRESS - 7

(M Pa’

gy = 8.6 MPa a. = 57 bars.
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O3 = 5.7 MPa
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DEPTH - 388m
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Mohr representation of in situ stress. U12n.10A working point. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n.10B structures drift. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 7,
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o, =6.6 MPa o = 26 bars.
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g3 = 2.6 MPa

PORE PRESS - 0 (VADOSE ZONE)

ROCK - TUFF

DEPTH - 428m
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Mohr representation of in situ stress. U12t.02 SRI alcove. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 74
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o, =8.1MPa 0. = 43 bars.
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Og = 4.3 MPa
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DEPTH - 328m
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Mohr representation of in situ stress. U12t.03 working point. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n. tunnel. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 7,

(M Pa;
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Oyver = 5.8 MPa
PORE PRESS - 0 (VADOSE ZONE)
ROCK - TUFF

DEPTH - 314m

¢ =30°
¢ = 450

o. = 36 bars.

Mohr representation of in situ stress. U12n tunnel.

20

Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 14
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Chormin. = 3.1 MPa o = 31 bars.
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Over = 6.3 MPa
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 74
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.

1
30

NORMAL STRESS - o,y

[M Pa]

plate 4.25.3.-31




Chor.min. = 3.0 MPa 0. = 30 bars.
Ohor.maz. = 9.0 MPa
Oyver = 1.0 MPa
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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Ohormin. = 4.0 MPa 0. = 40 bars,
Ohor.maz. = 9.0 MPa
Over = 7.0 MPa
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 74
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Ohormaz. = 9.0 MPa
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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SHEAR STRESS - 7
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Mohr representation of in situ stress. U12n tunnel. Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. U12n tunnel.

Rainier Mesa, Aqueduct Mesa.
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Mohr representation of in situ stress. Ul2n tunnel. Rainier Mesa, Aqueduct Mesa.
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CLOSURE PRESS -¢.

[bars]
0 50 100
0 i ! | L | 1 | L i ]
Stress
Location Depth | o¢ | Conditions
Rainier U12n
100 _] - hydrofrac | 232 | 10 LE
- hydrofrac | 284 | 22 LE
- hydrofrac § 300 | 30 nLE
- hydrofrac | 314 |36 nLE
200 _ \\ - hydrofrac | 346 | 31 nLE
LE
E PR - hydrofrac | 364 |31 | nLE
oy °
£ \ - hydrofrac | 378 |30 | LE
i \ LB
a - hydrofrac | 378 | 40 nlLE
\®
300 \ ® - hydrofrac | 380 | 35 nLE
[ J
\ o - hydrofrac | 400 | 34 nLE
Ve ® LE - hydrofrac | 405 |32 | LE
LE é./ oo oL E® o - hydrofrac | 410 | 40 nLE
400 | o \ o
\e ® 0o )
LE _ Rainier U12g
o x® - hydrofrac | 426 |30 nLE
° \ (- %Um.eff
\ Ut2g 442 | 26 LE
500 \ U12e.06 408 |37 nLE
Ui2e 383 |28 nLE
Ui2n.07 381 24 LE
PORE PRESS - p "
> Ui2n.10 398 14 LE
: WATER TABLE U12n.10A 388 |57 nLE
== Ui12n.108 383 | 38 nLE
) U12t.02 428 | 26 nLE
"UNDERPRESSURE”; Ap = 161m and 547m,
WINOGRAD AND THORDARSON, 1975. u121.03 328 |43 nLE
EXPLANATION:
AN . e -o.BASED ON HYDROFRACTURE

DEPTH
z v

LE »
® . LIMIT EQUILIBRIUM

HYDROLOGIC SETTING 0 -o.BASED ON OVERCORING

State of in situ stress. Summary. Rainier Mesa and Aqueduct Mesa.

plate 4.2.5.3.:39



EXPLANATION

Fault, known or inferred,
dotted where concealed

L] Existing drill hole

fr— .
l l Alluvium
D Miocene volcanic units

Geology simplified from Scott, R.B.
(written commun., 1984)

lf ¥ADA
A u m \

Map showing location of hydrofracture wells in the area of Yucca Mountain. From Stock et al., 1986.
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STRESS (BARS)
0 100 200 3ce 4ce
T

T

NEVADA TEST SITE

USW-G1
é}
s
“3" -\ .
T A
a i B <
= 1coo - SN \’4—
= ; '\?\‘\\.\ \\. oqn
i \\; v \\ \”)
1200 - AR N
! [* NN A Y
\ \
: RN
\Nwm \
1400 }' \ ‘= e
! \ e
i \ o \\o
1600 - N inciriEnT
NORMAL FAULTING
Hydraulic Fractuning Data Principal Stresses
Shut-In Minimum
Breakdown Pumping Hydrostatic Pore Horizontal  Vertical
Depth, Pressure, Pressure, Pressure, Pressure,*t Stress, Stress
m MPa MPa MPa MPa MPa MPa* Comments
USW G-1
646 8.3 42 +02 6.2 0.7 42 +02 129 Minimum horizontal stress from flat
. subhydrostatic pumping pressure
attained during second cycle. 5,
may thus be several bars too high
due to pressure gradient in fracture.
792 10.2 72+02 79 22 72+02 159 Same as above.
945 132 90+ 02 9.2 3.6 9.0 £ 0.2 19.2 Same as above.

1038 13.5 106 + 0.2 10.3 4.5 10.6 + 0.2 214 Minimum horizontal stress from stable
instantaneous shut-in pressures
attained in final cycles.

1218 188 121 £ 02 120 6.3 121 £0.2 255 Same as above.

1288 238 148 £ 0.2 12.8 7.0 148 +90.2 272 Same as above.

Results of in situ stress determinations in Well USW G-1. Yucca Mountain. From Stock et al., 1985.
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STRESS (BARS)

o 100 200 300 400
0 X T T T
AN
200 ;\
N NEVADA TEST SITE
400 = 'y AN USW G-2
L N
~ Vo \
é: 60C - \\
E ' .\(/‘\
3 g00 - . AN
E LN \\f’)
o L N7
= 1C0C :" "° " ‘e
T
: m = \
: . c
1200 r % 5 O‘\\.c \
| N
1400 u\% R INGIPIENT
! ‘\“‘ NORMAL FAULTING
1600 L \
Hydraulic Fracturing Data Principal Stresses
Shut-In Minimum
Breakdown Pumping Hydrostatic Pore Horizontal  Vertical
Depth, Pressure, Pressure, Pressure, Pressure,*+ Stress, Stress
m MPa MPa MPa MPa MPa MPa* Comments
USW G-2
295 5.1 S1+£01 29 0.0 51+01 6.1 Reopening preexisting fracture of
unknown orientation: shut-in pumping
pressure is upper bound on §,.
418 54 54+£0.1 4.1 00 54 +£0.1 84 Same as above.
432 55 55+0.1 42 0.0 $.5+0.1 8.7 Same as above.
1026 16.3 1.1 £0.2 10.1 49 11.1 £ 0.2 20.8 Minimum horizontal stress from stable
pumping pressure on multiple cycles.
1209 18.2 120 +0.2 11.8 6.7 120 £ 0.2 25.5 Minimum horizontal stress from flat

pumping pressure attained on second
cycle. S, thus may be several bars
too high due to pressure gradient

in fracture.

*Calculated for the appropriate density and depth.

tBased on water table at 576 m depth in USW G-1 and 526 m depth in USW G-2.

Results of in situ stress determinations in Well USW G-2. Yucca Mountain. From Stock et al., 1985,
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0 100 200 300 400
0 1 | 1
PAINTBRUSH TUFF

)

o 500

= CRATER FLAT

3 TUFF

z I

'—-

% 1000 TRAM MEMBER

LITHIC RIDGE
1500 1 BEDDED TUFF
Shut-in Hydro-
Logged Breakdown pumping static Pore
Hole depth pressurel pressure pressure pressure Sp Sy 3 T4 SH Comments
(m) (bars) (bars) (bars) (bars) (bars) (bars) (bars) (bars)
G-3 1,074 79 68 105 31 68+2 206 13 107+10
G-3 1,338 173 115 131 56 1156+2 258 59 175*9  Interpretation based on
‘ ' first two cycles only.

G-3 1,356 168 114 133 57 114+2 263 64 181+8

Results of in situ stress determinations in Well USW G-3. Yueca Mountain. From Stock et al., 1986.
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( ( (
0 100 200 300 400 500
0 i 1 | i i
\
A
\ Ue-25p# 1
W\ ®- lower bound on S,
5004\ ', .
%) AR < <® upper bound
5 \\\.__) ¢)/ On S
- Nt O_' ° Sh h
w ) AN <
E to004 B\ % msS
T R \ﬁ\ S H
= g AR .
a K. \ ¢
LU “&‘ \ \ W b
o U!c N O
1500- 2\ L\ ©
“\ \ \ .
to\\ \\ <.
.\ Al
PN
2000- %
Shut-in Hydro-
Logged Breakdown pumping static Pore2
Hole depth pressure! pressure pressure pressure Sp Sy 3 T4 SH Comments
(m) (bars) (bars) (bars) (bars) (bars) (bars) (bars) (bars)
P1 1,564  nonel 337 153 115  337+2 353 Reopening preexisting
fracture
P1 1,573 236 207 154 116 207+2 356 41 310+11
Pal 1,693 nonel 366 166 128 365+10 388 Reopening preexisting

fracture

1. No clear breakdown pressures seen

Results of in situ stress determinations in Well UE-25p#1. Yucca Mountain. From Stock et al., 1986.
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L
~

oornote | Depthiny | Py | PORTme | VeS| Mo rorzona | e Horzora
(Bars)

UE-25p#1 731 92 34 151 73 127
UE-25p#1 1001 153 61 211 111 180
UE-25p#1 1131 179 73 243 129 208
UE-25p#1 1564 115 353 337: 2

UE-25p#1 1573 236 116 356 20712 311:11
UE-25p#1 1693 128 388 365:10

Results of in situ stress determinations in Well UE-25p#1. Yucca Mountain. From Stock et al., 1982.
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SHEAR STRESS -

-
1
-

[MPa]

Cuver = 12.9 MPa o = 35 bars.

.T
Chor.min = 4.2 MPa
PORE PRESS — 0.7 MPa
ROCK - TUFF
10
¢ =30°
b = 450
Tvereff
Thor.min Ovyer,
0 T T — T l T |
0 C Thor.min.ef f 10 20

Mohr representation of in situ stress. Borehole G-1, depth 646 m. Yucca Mountain.

30
NORMAL STRESS - oy

[M Pa)
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SHEAR STRESS - ;

[M Pad]

T Oper =159 MPa a. = 50 bars.
Thor.min =7.2 MPa
PORE PRESS —2.2 MPa
ROCK - TUFF
10
¢ =30°

b = 450

p—

0 . T T 1
0 10 20 30

NORMAL STRESS - o,y

[M Pd]

Mohr representation of in situ stress. Borehole G-1, depth 792 m. Yucca Mountain.
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SHEAR STRESS - 7

[M Pa]

)
|

Ouper = 19.2 MPa o. = 54 bars,
Chor.min = 9.0 MPa
PORE PRESS = 3.6 MPa

ROCK - TUFF

¢ =30°

¢ = 45°

Cver.eff. Oyer

10 20

Mohr representation of in situ stress. Borehole G-1, depth 945 m. Yuceca Mountain.

1
30

NORMAL STRESS - oy

[M Pa]
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SHEAR STRESS - 74

[M Pal

]
1

Tver = 21.4 MPa
Choromin = 10.6 MPa
PORE PRESS —4.5 MPa

ROCK - TUFF

¢ =30°
¢ =459

Ohor.min.ef f

o. = 61 bars.

Tuer.eff

UU er

| LI

10

Mohr representation of in situ stress. Borehole G-1, depth 1038 m. Yucca Mountain.

1
30

NORMAL STRESS - an;

[M Pa]
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SHEAR STRESS - 7

[MPa)

. Over = 25.5 MPa o. = 58 bars.
T hor.min = 12.1 MPa
PORE PRESS —6.3 MPa
ROCK - TUFF
10 —
¢ =30°
¢ = 45°
Ohor.min.eff T hor.min. Over.cff Tyer
0 I | - | 1
0 10 20 30

NORMAL STRESS - o,y

[M Pa]

Mohr representation of in situ stress. Borehole G-1, depth 1218 m. Yucca Mountain.
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SHEAR STRESS - 7

[M Pa)

Over = 27.2 MPa o, = 78 bars.

-
Ohormin = 14.8 MPa
PORE PRESS —7.0 MPa
ROCK - TUFF
10
¢ =30°
¢ = 45°
Ohor.min.eff ) Oyer.eff Tyer
0 T ¢ T T * l 1
0 10 20 30

NORMAL STRESS - o,

[M Pdq]

Mohr representation of in situ stress. Borehole G-1, depth 1288 m. Yucca Mountain.
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SHEAR STRESS -

[M Pad]

Ouer =6.1 MPa
Thor.min = 5.1 MPa

PORE PRESS —0 (VADOSE ZONE)

o. = b1 bars.

ROCK - TUFF
10 —
¢ = 30°
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—-*
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0 | G T ' !
0 10 20

Mohr representation of in situ stress. Borehole G-2, depth 295 m. Yucca Mountain.

30
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[M Pa]
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SHEAR STRESS - 7;

(M Pa)

AN

- Oyer = 8.4 MPa 0. = 54 bars.
Thor.min = 5.4 MPa
PORE PRESS -0 (VADOSE ZONE)
ROCK - TUFF
0 -
¢ =30°
¢ = 45°
-
O hor.min. m Cuer
0 re M | T —
0 10 20 30

NORMAL STRESS - ony

[M Pa]

Mohr representation of in situ stress. Borehole G-2, depth 418 m. Yucca Mountain.
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SHEAR STRESS - 74

[M Pa]

Over = 8.7 MPa o. = 55 bars.
=
T hor.min = 5.5 MPa
PORE PRESS —0 (VADOSE ZONE)
ROCK - TUFF
0 —
¢ =30°
¢ = 459
m Oyer
T - I | I 1
0 10 20

Mohr representation of in situ stress. Borehole G-2, depth 432 m. Yucca Mountain.
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SHEAR STRESS - 74

[MPa)

o
l

Oper = 20.8 MPa
T hor.min =11.1 MPa
PORE PRESS —4.9 MPa

ROCK - TUFF

¢ = 45°

o. = 62 bars.

ST

Mohr representation of in situ stress. Borehole G-2, depth 1026 m. Yucca Mountain.
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SHEAR STRESS - 74

[M Pa)

10 —

Oyer = 25.5 MPa
Chormin = 12.0 MPa
PORE PRESS —6.7 MPa

ROCK - TUFF

¢ =30°

Ohor.min.eff

o. = 53 bars.

Over.eff Oyer

™ I -
10

M | r i
20 30
NORMAL STRESS - g,

(M Pa]

Mohr representation of in situ stress. Borehole G-2, depth 1209 m. Yucca Mountain.
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SHEAR STRESS - 74
[M Pa)

( (
N
Ouer = 20.6 MPa 0. = 37 bars.
T hor.min = 6.8 MPa
PORE PRESS —3.1 MPa
ROCK - TUFF
10 —
¢ =300
¢ = 450
tﬁ
Ohor.min.eff|  Thormin. Tver.eft Over
0 o I T ¢ | 1
0 10 20 30

Mohr representation of in situ stress. Borehole G-3, depth 1074 m. Yucca Mountain.
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SHEAR STRESS - 7

m Cper = 25.8 MPa o. = 59 bars.
Chormin = 11.5 MPa
PORE PRESS —5.6 MPa
ROCK - TUFF
10 -
¢ =30°
¢ = 450
=
Q,
=
Chor.min.ef f O hor.min. Over.eff Oyer
0 ¢ T d T | i
0 10 20 30

NORMAL STRESS - o,y
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Mohr representation of in situ stress. Borehole G-3, depth 1338 m. Yucca Mountain.
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SHEAR STRESS - 74

[M Pd]

Tper = 26.3 MPa o. = 57 bars.
T
T hor.min = 11.4 MPa
PORE PRESS —5.7 MPa
ROCK - TUFF
10
¢ =30°
¢ = 450
Ohor.min.ef f Thor.min. Tver.eft Tver
0 ot I hd | e T - 1
0 10 20 30
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Mohr representation of in situ stress. Borehole G-3, depth 1356 m. Yucca Mountain.
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SHEAR STRESS - 74
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_ Cuer = 15.1 MPa o = 39 bars.
Ohor.min = 7.3 MPa
PORE PRESS —3.4 MPa
ROCK - TUFF
10
¢ =30°
b = 450
-
Ohor.min.eff Fhor.min. Over.eff Oyer
0 M ¢ — R J ! !
0 10 20 30

Mohr representation of in situ stress. Borehole UE-25p#1, depth 731 m. Yucca Mountain.
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SHEAR STRESS - 74
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Cper = 21.1 MPa 0. = 50 bars.
Chormin = 11.1 MPa
PORE PRESS —-6.1 MPa

ROCK - TUFF

¢ = 30°

Thor.min.ef f Oyer

T r 1 I T

Mohr representation of in situ stress. Borehole UE-25p#1, depth 1001 m. Yucca Mountain.
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SHEAR STRESS - 7y
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PORE PRESS —7.3 MPa
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30
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Mohr representation of in situ stress. Borehole UE-25p#1, depth 1131 m. Yucca Mountain.
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Mohr representation of in situ stress. Borehole UE-25p#1,
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depth 1564 m. Yucca Mountain.
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Mohr representation of in situ stress. Borehole UE-25p#1, depth 15673 m. Yucca Mountain,
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SHEAR STRESS - 7
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Mohr representation of in situ stress. Borehole UE-25p#1, depth 1693 m. Yucca Mountain.
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RATIO H/H,

1000

100
1

0.01 0.1 1 10 100 1000
TIME [MINUTES]
EXPLANATION:
H- HYDRAULIC PRESSURE AT TIME ¢;
Ho - HYDRAULIC PRESSURE AT THE START OF A TEST;
A - HYDRAULIC PRESSURE DECAY CURVE FOR Hp < o¢;
B- HYDRAULIC PRESSURE DECAY CURVE FOR 0 < ¢. < Ho ; AND
C- HYDRAULIC PRESSURE DECAY CURVE FOR o, — 0.

Interpretation key for the Cooper-Bredehoeft injection tests performed in the Yucca Mountain area.
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--Injection-test data for deptn interval from 811 to 1,329 meters.

Results of the Cooper-Bredehoeft injection tests in Well USW H-1. From Rush et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-1. From Rush et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-1. From Rush et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-6. From Craig et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well UE-25b#1. From Lahoud et al., 1984.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-1. From Rush et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-3. From Thordarson et al., 1985.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-3. From Thordarson et al., 1985.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-3. From Thordarson et al., 1985.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-5. From Bentley et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-5. From Bentley et al., 1983.
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Results of the Cooper-Bredehceft injection tests in Well USW H-5. From Bentley et al., 1983.
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Resuits of the Cooper-Bredehoeft injection tests in Well USW H-5. From Bentley et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-6. From Craig et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-6. From Craig et al., 1983,
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Results of the Cooper-Bredehoeft injection tests in Well UE-25b#1. From Lahoud et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well UE-25b#1. From Lahoud et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well USW G-4. From Bentley (1984).
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Results of the Cooper-Bredehoeft injection tests in Well USW H-3. From Thordarson et al., 1985.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984,
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984,
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984,
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Resuits of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984.
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Results of the Cooper-Bredehoeft injection tests in Well USW H-4. From Whitfield et al., 1984,
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Results of the Cooper-Bredehoeft injection tests in Well USW H-6. From Craig et al., 1983.
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Results of the Cooper-Bredehoeft injection tests in Well UE-25p#1. From Craig and Johnson, 1984,
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Results of the Cooper-Bredehoeft injection tests in Well UE-25p#1. From Craig and Johnson, 1984.
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Resuits of the Cooper-Bredehoeft injection tests in Well UE-25p#1. From Craig and Johnson, 1984,
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Results of the Cooper-Bredehoeft injection tests in Well UE-25p#1. From Craig and Johnson, 1984,
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Packer-injection test 28, depth interval from 1,735 to 1,781 meters.

Results of the Cooper-Bredehoeft injection tests in Well UE-25p#1. From Craig and Johnson, 1984.
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Results of the Cooper-Bredehoeft injection tests in Well USW G-4. From Bentley, 1984.
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HYDRAULIC FRACTURING SLUG TESTS “SINGULAR" POINTS
Stress
Borehole Depth o ¢ | Gondions Borehole | Depth | o ¢ Borehole Depth | o
G-1 646 35 LE USWH-1 | 692 | 425 USW H-3 792 0
G-1 792 50 nLE
G-1 945 54 LE USWH-3 | 884 | 25 USW H-4 652
G-1 1038 61 nLE USWH-3 | 941 24 USW H-4 703
G-1 1218 58 LE USWH-3 (1093 | 20 USW H-4 735
G-1 1288 78 nLE USWH-3 | 1172} 33 USW H-4 783
USW H-4 832
G-2 295 51 nLE USWH-4 | 579 | 17.5 USW H-4 855
G-2 418 54 nLE USWH-4 | 628 | 21 USW H-4 873
G-2 432 55 nLE USW H-4 892
G-2 1026 62 nLE USWH-5 | 793 | 275 USW H-4 910
G-2 1209 53 LE USWH-5 | 823 | 20 USW H-4 928
USWH-5 | 979 19 USW H-4 1173
G-3 1074 37 LE USWH-5 | 1024 | 23 USW H-4 1195
G-3 1338 59 LE USWH-5 [ 1135 25
G-3 1356 57 LE USW H-5 796
USWH-6 | 666 | 40 USW H-5 887
UE-25p#1 731 39 LE USWH-6 | 852 | 20 USW H-5 888
UE-25p#1 1001 50 LE USWH-6 [1045 15 USW H-5 1033
UE-25p#1 1131 56 LE
UE-25p#1 1564 222 nLE UE-25b#1 | 528 | 9.6 USW H-6 606
UE-25p#1 1573 91 nLE UE-25b#1| 763 | 18 USW H-6 753
UE-25p#1 1693 237 nLE
USWG-4 | 815 | 19 UE-25b#1| 514
USWG-4 | 814 | 18 UE-25b#1| 505
UE-25b#1| 792
UE-25b#1| 820
UE-25b#1| 779
UE-25b#1| 581
UE-25p#1| 550
UE-25p#1| 600
UE-25p#1| 974
UE-25p#1| 1044
uUsw G-4 702
usw G-4 850
USW G-4 875

State of in situ stress. Summary. Yucca Mountain.
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In situ stress field. W-E cross-section. Yucca Mountain.
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Location of wells in which temperature measurements were made. From Sass and Lachenbruch, 1982
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Composite temperature profile, Pahute Mesa. From Sass and Lachenbruch, 1982.
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Composite temperature profile for Rainier Mesa and environments. From Sass and Lachenbruch, 1982.
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Composite temperature profile for Yucca Flat area. From Sass and Lachenbruch, 1982.
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Composite temperature profile for the southern NT.S. From Sass and Lachenbruch, 1982.
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Temperatures in wells deeper than 600 m, Yucca Mountain. From Sass and Lachenbruch, 1982.
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Temp. °C Average Approximate Value of
General Location Waell No. at depth Yearly Geothermal Grad.
of 500m Temp. °C °C/km

PM-1 28 =15 26
PM-2 51 =15 72
UE-20f 24 =15 18
Pahute Mesa. UE-20j 35 = 15 40
U-20g 33 = 15 36
UE-19gs 31 = 15 32
U20-el 32 =15 34
TWE 42 =16 52
UE-18t 40 =16 a8
HAGE 2 =16 12
U12s 22 = 16 12
Rainier Mesa- ™w7 2 =18 12
Yucca Flat- UE-4a 26 = 16 20
Syncline Ridge. T™WB 25 ~ 18 18
U3scnd 29 = 16 26
UE-17e 30 = 16 28
UE-16b 27 = 16 22
™I 2 = 16 12
TWF 47 =~ 20 54
TW3 35 20 30
Southern NTS g1 35 = 20 30
W4 25 =20 10
TW10 26 = 20 12
UE-25a3 37 =117 40
VH-A 37 = 17 40
Yucca Mountain. J-13 3 = 17 28
UE-25al 33 17 32
USW G-1 29 = 17 24

Downhole in situ temperatures at a depth of 500 m. Nevada Test Site.
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" Distribution of in situ temperature at the Nevada Test Site at a depth of 500 m.
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