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Total hydraulic gradient combines buoyancy and hydraulic head gradient.
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GOVERNING EQUATIONS

CONSERVATION OF FLUID MASS: 

,pPf(c1 -, c')p, -,pi3T., -(p 1 ij(p,j -pigj)), = 0: AND 

CONSERVATION OF THERMAL ENERGY: 

((pC)'T),t -(A* T,,), +(pf Cf ( k ij(p,j -p' gj)T),) = 0.  

EQUATIONS OF STATE 

pf = p, (p, T), ,1 = pf,(p, T).  

NOTE: FOR EXPLANATION OF SYMBOLS USED SEE PLATE 3.4.2-4.  

Mathematical model for a simultaneous flow of heat and fluid. From Thunvik and Braester, 1982.
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CONSERVATION OF FLUID MASS:

< OpJ(cl + c')p,,i*I > - < 0,T,, 'P, > - < (pf k ij(p,, -p.gj)),i,,r >= 0: AND 

CONSERVATION OF THERMAL ENERGY: 

< ((pC)*T),t, *P > - < (XT,i), , 'P > + < (pfCf (kij(p,j -pfgj))T),i, ,P >= 0 

NOTE: FOR EXPLANATION OF SYMBOLS USED SEE PLATE 3.4.2-4.  

Governing equations in the Galerkin finite element method. From Thunvik and Braester, 1982.

plate 3.4.2.-3



Symbol Description 

c compressibility 
C specific heat capacity 
g acceleration of gravity 
k permeability 
p pressure 
Q heat flow rate 
t time 
T temperature 
x. Cartesian coordinate I 

coefficient of thermal volume expansion of the fluid 
X thermal conductivity 
i dynamic viscosity 

porosity 
S' basis function 

<f(x),g(x)> f(x)g(x) dv., inner product 

V 

superscripts 

f fluid 
r rock 
* equivalent medium 

subscripts 

i,j indices used for Cartesian tensor notation, 
repeated indices indicate summation over 
these indices (i=j-1,2,3) 

partial time derivative of p 

p , gradient of p 

I node index 

Explanation of symbols used on Plate 3.4.2-2 and 3.4.2-3.
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R~h - RAYLEIGH NUMBER FOR A HORIZONTAL LAYER OF FLUID; 

R,, - CRITICAL RAYLEIGH NUMBER FOR LONG TUBES; 

Rap - RAYLEIGH NUMBER FOR A FLUID IN HORIZONTAL LAYER OF POROUS MATERIAL; 

Rap, - CRITICAL RAYLEIGH NUMBER FOR A FLUID IN HORIZONTAL LAYER OF POROUS MATERIAL; 

R 2  - D'ARCY - RAYLEIGH NUMBER; 

R• 2- FLOW MODIFIED D'ARCY- RAYLEIGH NUMBER; 

RC_ - CRITICAL RAYLEIGH NUMBER FOR FLUID IN VERTICAL POROUS CHANNEL WITH "WEAK" THROUGH
FLOW; 

R,,, - CRITICAL RAYLEIGH NUMBER FOR FLUID IN FAULTS AND FRACTURES; 

Ra - IN-SITU RAYLEIGH NUMBER FOR FLUID IN FAULTS AND FRACTURES; 

a - FAULT APERTURE OR WIDTH OF PERMEABLE FAULT ZONE; 

G - GEOTHERMAL OR VERTICAL TEMPERATURE GRADIENT; 

g - ACCELERATION OF GRAVITY; 

k - PERMEABILITY OF POROUS OR FRACTURED MEDIUM; 

L - THICKNESS OF HORIZONTAL LAYER OF POROUS MATERIAL; 

T - TEMPERATURE; 

AT - TEMPERATURE DIFFERENCE; 

Cf - SPECIFIC HEAT OF FLUID; 

a - COEFFICIENT OF THERMAL EXPANSION FOR FLUID; 

0 - COEFFICIENT OF VISCOSITY VARIATION; 

pf - FLUID DENSITY; 

A - FLUID VISCOSITY; 

I/ - FLUID KINEMETIC VISCOSITY; 

Af - FLUID THERMAL DIFFUSIVITY; 

Am - MEDIUM THERMAL DIFFUSIVITY; 

y - DIMENSIONLESS THROUGH-FLOW STRENGTH; 

Wo - THROUGH-FLOW VELOCITY 

Explanation of mathematical notations used in Section 3.4.3.

plate 3.4.3.1.-1
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40min(Rar)• 
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0I II I I I I I 

1 2 3 4 5 6 7 8 

2rb 

a) STABILITY LIMITS (RAYLEIGH NUMBER Ra, ) FOR THE ONSET OF CONVECTION IN A POROUS 
MATERIAL AS A FUNCTION OF THE WAVELENGTH PARAMETER 2wb.  

100 
90 so_ 
80 

70 
60 

50

E 40 

o 30- b=5km km 200 m 

20

101 10-17 10-16 1 0-15 10-14 10-13 10o-12 

k (Mi
2 ) 

b) THE THERMAL GRADIENT REQUIRED FOR CONVECTION IN A POROUS MATERIAL AS A FUNC
TION OF THE PERMEABILITY OF THE LAYER FOR DIFFERENT LAYER THICKNESSES.  

Requirements for the onset of thermal convection in a porous medium. From Turcotte and Schubert, 1982.
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I I I I I I I

0 2 4 6 8 10 12 14

II 
a) STABILITY LIMITS (THE D'ARCY - RAYLEIGH NUMBER R2 ) FOR THE ONSET OF CONVECTION IN 

A POROUS MEDIUM WITH THE THROUGH-FLOW AS A FUNCTION OF DIMENSIONLESS FLOW 
STRENGTH PARAMETER. FROM HOMSY AND SHERWOOD, 1976.

I Itc

230 

200 

ISO 

'100 

mog 

so 

0

INCREASING THROUGH-FLOW VELOCITY 

b) STABILITY LIMITS FOR THE ONSET OF CONVECTION, IN A POROUS CHANNEL WITH LOW 
INTENSITY THROUGH-FLOW, AS A FUNCTION OF THE ASPECT RATIO(S) AND OF THE 
THROUGH-FLOW VELOCITY. FROM SUTTON, 1970.  

Requirements for the onset of thermal convection in a porous medium with consideration of through-flow.
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o / /HEA'r'AN. ERa GOUPING 

CP 

D0 100 z 

0 I 2 3 4 5 6 7 a 
CONVECDON CELL HEKGHT-TO-WIDTH RATIO 

The stability limit (the critical Rayleigh number at neutral stability) for the onset of thermal convection Mn faults 

and fractures as a function of the aspe-ct ratio and the heat transfer grouping. From Murphy, 1979.  
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RAYLEIGH NUMBER BASEDON A1 PERTURE (pgakaG/p.•, 

a) DEPENDENCE OF THE PERTURBATION GROWTH RATE UPON THE IN-SITU RAYLEIGH NUMBER.  

-' _' F1 0 

0 

ta 

S2 o 

'L I 

0 o 2 3 4 5 

CONVECTION CELL H EIGHT-TO-WIDTH RATAOXJ 
b) DEPENDENCE OF THE PERTURBATION GROWTH RATE UPON THE IN-SITU RAYLEIGH NUMBER.  

AND THE ASPECT RATIO.  

The perturbation growth rate for convection in fractures. From Murphy, 1979.
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(h = Zo + CX

z
HEAT AND FLUID CONDUCTING BOUNDARY 

I
Kf(...) 6 const. FLOW MECHAN 

HEAT- CONE 
K .... ) • const. CONý 

FLUID- FRA( 
Tm(.) • const. FLOV 

"- FLOW MECHANISM: 

HEAT- CONDUCTION AND 
CONVECTION; 

FLUID - POROUS MEDIUM EQUIVALENT.

ISM: 
)UCTION AND/" 
'ECTION; / 
:TURE ' 
V 

I 
/ 

IK 1 , cnt

/ gf(,.,) 0 const.  / 

- Kh(...) = const.  

Tm-(...t) = const.

z 
0 

co 

z 
0 
x 
0 

3: 

0 
-Ji U..  

aL

T;71 Z const. (z,t)Z 0 - NO CHANGE IN TEMP. IN TIME.  

RhZ, Wt 

RhZX • const. CHANGE IN HEAT FLUX IN SPACE 

RhZ1 (..,) = const. NO CHANGE IN HEAT FLUX IN TIME 

DEPTH OF CONVECTION IN FRACTURES 

Zc(=..) const.  

Z.(..)= f (K,..., ; Tzo., - Tzo,.)) 

COMPOSITE TEMPERATURE 

Tyn(..j :A cofst. Tmn( ,, = f (RhZ, Z:Wt; Kh _ 

TEMPERATURE GRADIENTS 

0T- (../8Z(ai)t 2 0 above Zc,., 

a
2 T,.,(.. , = 0 below Zc=,) 

Conceptual model of a flow system in fractured medium and influenced by terrestrial heat.
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h = Zo + CX

HEAT AND FLUID CONDUCTING BOUNDARY

T~z' os- Tz' ' (T ) # const; (0,t) = const.  

ASSUMED INITIAL BOUNDARY CONDITIONS.  

UPSTREAM VERTICAL BOUNDARY 

DOWNSTREAM VERTICAL BOUNDARY 

LOWER HORIZONTAL BOUNDARY:

INITIAL AMOUNT OF FLUID IN TRANSIT.

aquin /8z(at) = 0 
8q') /8z(8t) = 0 
qfd(h)(.., 0 

O(}h)Za,..t)/o=(09) = o

=0, Losoe )/e t o 0 

Location of a selected part of the flow system considered on Plates 3.4.4-3 through 3.4.4-6

plate 3.4.4.-2
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WT(.) AT TIME OF CONVECTION (Rcz # cans') 

WT(.t 

li 

zo 

ARITAR LOWE BONDRY CODUTIE, 

,, 

B D CONDTIN F I T PLN -" Za 

I f j\I I I \\ / .  

5  / ~I \ \\ / I 

Z ,a\ \ ..• , / ,/ , -. A 

ARBIN RARY LOWER BOUNDARY. CONDUCTIVE CF 
INFOR HEAT AND FLUID.  

BOUNDARY CONDITIONS FOR ARBITRARY PLANE - Z 

SSINK -. 1 --- SOURCE [a.,- SINK-.  

- •,,., /8:(at) = const. a z,.,! (a) os._ 

IN TIME AND SPACE

1xot 0=* const; 

c nt; a h.. . ...) co C H N E IN H A L X I 
DURING CONVECTION - CHNG ,I-N HEA F-v.X IN'.  

F TIME AND SPACE

Change in boundary conditions for an arbitrary plane -Za caused by convection of fluids in the selected part of 
the flow system.
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K

zt

c-rn--n 
Xq(�) = const. L

L_.

DOWNSTREAM VERTICAL 
BOUNDARY 

qd'- FLUID OR HEAT FLUX 
PRIOR TO CONVECTION 

qdC _ FLUID OR HEAT FLUX 
DURING CONVECTION

zo_ - N ~ -r -1 -1 

IIN 

------ • " •-% I I " 

S /\ • \l' I ) Ki 1 \.4I\ \ / 
\ I \* I/ \ 

Za_I- " _ N:

WIj

Rf Za(.,t)

-FLUID OR HEAT FLUX 
'~PRIOR TOO CONVECT ION

max. qzo(0 - FLUID OR HEAT UPSTREAM VERTICAL 
BOUNDARY 

qt=l - FLUID OR HEAT FLUX 
PRIOR TO CONVECTION 

q-c - FLUID OR HEAT FLUX 
DURING CONVECTION

PRIOR TO CONVECTION: 

qdin urnconst. - Q' = const.  
= 9(t,z) = const. ; and =ql co 

DURING CONVECTION:

AMOUNT OF WATER IN 
TRANSIT PRIOR TO THE 
ONSET OF CONVECTION

Q(tz) #(,q ) -const. ; and qc $ const. -- * Qtc $ const. and Qc > Q.  

Amount of fluid in transit (storage) through the selected part of the flow system prior and during convection.

plate 3.4.4.-4
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CONVECTION IN SUPERCRITICAL CONVECTION 

SUBCRITICAL OR 
NEUTRALSTATE w>O w=0 w<O GROWTH RATE OF CONVECTIVE 

INSTABILITY

CHANGE OF COMPOSITE TEMPERATURE (WATER AND ROCK) 

AT POINT P(,z,,t)AS A FUNCTION OF TIME 

I/ 

TIME 

CHANGE IN AMOUNT OF WATER IN TRANSIT 

AS A FUNCTION OF TIME 

. *TIME

CHANGE IN HYDRAULIC POTENTIAL AT POINT P(=,z,t) 

AS A FUNCTION OF TIME 

TIME

Changes introduced into the selected part of the flow system by thermal convection.

plate 3.4.4.-5
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WHERE: 

n - EITHER max AT,, or max AQ .

- MAXIMUM AVERAGE 
CHANGE IN TEMPERATURE 
FOR POINT P(-,y) 

- MAXIMUM AVERAGE 
CHANGE IN AMOUNT OF 
FLUID IN TRANSIT FOR 
POINT P(.,,)

max = max Ah ,b + max Ahh j
max a - max c D 

ch n 

max = max QcI/Q" • Ah( 

max Ah(C11 ) - MAX. RISE OF WATER TABLE AT POINT P(.,,); 

max Ah( MAX. BUOYANCY COMPONENT; 

maxh - MAX. HYDRAULIC HEAD COMPONENT; mxA (-,v)

a - COEFFICIENT OF THERMAL EXPANSION = 3.85- 10-4 PER °C; 

D - DEPTH OF CONVECTION INSTABILITY 

max Qc /Qn - RATIO OF MAXIMUM AVERAGE AMOUNT OF FLUID 
IN TRANSIT DURING CONVECTION TO INITIAL 
AMOUNT OF FLUID IN TRANSIT.  

Ah' ",,) = ii- -L 

L - SHORTEST DISTANCE BETWEEN P(.,,) AND A POINT 

DOWNSTREAM FOR WHICH Q•) = Q" 

ii, - INITIAL HYDRAULIC GRADIENT ALONG DISTANCE L.

Maximum rise of water table at P(3,u,) caused by thermal convection.

plate 3.4.4.-6
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INITIAL FLOW 
(PLATE 3.4.4.-'

FLOW DIRECTION 
3.4.4.-7B)

PLAN VIEW OF CHANGES IN HYDRAULIC HEAD CAUSED BY CONVECTION.  

z A ýi ý ýY-1

Y GRADIENTS OF TEMPERATURE, WATER CHEMISTRY, 

AND HYDRAULIC HEAD INTRODUCED BY CONVECTION.

Changes introduced into flow field by thermal convection.

plate 3.4.4.-7a
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PRIOR TO CONVECTION

RESULT OF INTERACTION BETWEEN 
CONVECTION CELL AND THE INITIAL 
FLOW.

CONVECTION

AFTER CONVECTION

INITIAL FLOW DIRECTION -L TO LONG AXES OF THE CONVECTION CELL.  

Changes introduced into flow field by thermal convection - formation of perched waters.

plate 3.4.4.-7b

A A' 
BED OF HIGH INTERSTITIAL K POROSITY AND LOW STIFFNESS 

.h i. •:.; :,.,, "•,'.•:':;:, :"-.;:, ,..":• -: '

zI

Y

A PERCHED WATER - EVER DILUTING Al 
MIXTURE OF INFILTRATING METEORIC 
WATER AND WATER EJECTED 
DURING CONVECTION.  

(14,z)

Y



PRIOR TO CONVECTION

RESULT OF INTERACTION BETWEEN 
CONVECTION CELL AND THE INIAL 
FLOW.

CONVECTION

AFTER CONVECTION Y

INITIAL FLOW DIRECTION II TO LONG AXIS OF THE CONVECTION CELL.  

Changes introduced into flow field by thermal convection - formation of perched waters.

plate 3.4.4.-7c

zt

A BED OF HIGH INTERSTITIAL A' KPOROS[TY AND LOW STIFFNESS

A PERCHED WATER- EVER DILUTING A' QMIXTURE OF INFILTRTING METEORIC 
WATER AND WATER EJECTED 

DURING CONVECTION.  

Lin" hY,z)



EFFECTIVE THERMAL CONDUCTIVITY
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Z(,,Yt) 

BELOW THIS DEPTH 

AKh = 0 ; and 

AD =0.

TIME

LLI 

L±.  LI.  

I

ILL 
0 

I-.  z 

LU 
z 

LU 

.- j 

0 
--

F

0 

I

I-

or

0

T INCREASING TIME

DEPTH 

Time-dependence of the vertical extent of the in situ stress enhancement of thermal properties (KhandD) and 
time-dependence of the value of this enhancement.
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7-

SHEAR STRESS

I/ I 
I II 
I II 
I II 
I iI

I I
I I 

A) CHANGE IN THE IN-SITU STRESS CONDITIONS DURING 
THREE CYCLES OF TECTONIC DEFORMATION.

TIME:

I ~II 
I ~II 

I ~II 
I ~II 
I ~II 
pI _ 

TIME

B) CHANGE IN THERMAL PARAMETERS DURING THREE 
CYCLES OF TECTONIC DEFORMATION.  

Schematic representation of changes in: a) the in situ stress conditions; and b) the thermal properties. A cyclically 
deforming fractured medium, near the ground surface.
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ISOTHERMAL

zo 

z 1 

HEAT FLUX 
AT DEPTH Z,

U I

S

aTlaz 6 const. -- Tz,(.) 9 const.

S/8RhZt(.,•/ I = const. - NO CHANGE IN HEAT FLUX THROUGH TIME 

•x

[0-; ] = f(t) 

Z(. ,t) =f 

D .f, ..... = f([oT; i])

K . const.  

D(,,,) 96 const.

Conceptual model of a "simple" flow of heat through a deforming fractured medium.
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GEOTHERMAL FIELD DEVELOPED IN THE DEFORMING FRACTUARY MEDIUM WITH Rh.  
HAS THE FOLOWING CHARACTERISTICS.

THREE DIMENSIONS TWO DIMENSIONS ONE DIMENSION 

E 

4~ t temp.  

Sgrad. temp(a) isothermal surface 

x• at time to and ta 

at time tj and t2 tj 
3 temp (,) at time to 

and t3 

2 depth Z(,,t) at time tj 
5t ( 0 #"const; and t 2 

a '-f " 0 const. ,and 

elt 0 € const.  

_depth z

Main characteristics of the geothermal field developed in a deforming fractured medium.
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ZoI

z 

w I

/ 

i J 

z

HEAT FLUX.  

FLUID FLUX.

hi,•=Z 0= -I CX.

IU 

0 
Z

Z, C - - ONDUCTIVE - HEAT AND FLUID. Oqhz=/8z • const.; 8qfz,)/ 8 X / const.  

RhZ 
I=) 

RhZ(.,) = const. - NO CHANGE IN HEAT FLUX THROUGH TIME. z 

Rfz,,.,)= const. - NO CHANGE IN FLUID FLUX THROUGH TIME.  

Conceptual model of a heat-fluid coupled groundwater system developed in a deforming fractured medium.
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1'

(

Zo 

Zý 

0 

F
U

Z 
Z.t 

HEAT 

FLUID

I 02Rj,,_, •/ax&t 0 $ const. - CHANGE OF FLUID FLUX 
IN TIM E AND SPACE. R f._,(= ) = Rof .) 

L ----- mo-el o7 lo h sp--------------------------------------L -h --------------------------------------

Conceptual model of flow in the vadose zone of the coupled heat-fluid flow field developed in a deforming fractured medium.
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\

TECTONIC CYCLE n - 1 TECTONIC CYCLE n TECTONIC CYCLE n + 1

(

II I 

4-CHARACTERISTIC EARTHQUAKE, WALLROCK SEPARATION, AND REVERSAL OF THE 

IN-SITU STRESS CONDITIONS. I I

I

I NCREASE IN INTENSITY OF 
THE IN-SITU STRESS FIELD.

��1� 

I I

DECREASE IN INTENSITY OF
THE FLUID FLOW FIELD I NO TIME DIMENSION. I 

AND THERMAL FIELD. I 
MINERALIZATION AND FUSING.  

POSSIBLE FRAGMENTATION OF WALL Q • RELEASE OF FLUID AND HEAT FROM 

S1 /THERMAL AND IN-SITU STRESS "RISE

ROCK.  
STORAGE.  

ES" OF W.T.

FORM 

Evolution of the coupled heat-fluid flow system developed in a deforming fractured medium and operating near the ground surface.

plate 3.5.3.-3

TIME

IN-SITU STRESS FIELD - LOW INTENSITY ( NO "LIMIT EQUILIBRIUM" - Z(,,,t) = 0 ; NO "ISOTROPIC" AND "SINGULAR" POINTS); 

FLUID FLOW FIELD - HIGH INTENSITY ( WATER TABLE HIGH; WALLROCK CONDUCTIVITY LOW; FAULT CONDUCTIVITY HIGH BUT 

DECREASING; THERMAL AND IN-SITU STRESS "RISES" OF WATER TABLE; Ap,,• = 0; AS = 0); AND 

THERMAL FIELD - HIGH INTENSITY ( CONVECTION OF FLUIDS IN FAULTS AND FRACTURES; WALLROCK - FLUID THERMAL 
INTERACTION LOW).

IN-SITU STRESS FIELD - HIGH INTENSITY ( Z(,y,t) >> 0 ; HIGH DENSITY OF ISOTROPIC AND 
SINGULAR POINTS); 

FLUID FLOW FIELD - LOW INTENSITY ( W.T. LOW AND FLAT; Ap,, >> 0 ; AS >> 0); AND 

THERMAL FIELD - LOW INTENSITY ( "WEAK" CONVECTION, WALLROCK-FLUID THERMAL 
INTERACTION STRONG ).

I



0 25 50 KILOMETERS 

0 25 MILES 

EXPLANATION
QUATERNARY 

Alluvium, lake beds, and minor volcanic rocks 

TERTIARY 

Tuff. rhyolite, and associated volcanic rocks 

MESOZOIC (Minor - not shown) 

PALEOZOIC 
Undifferentiated upper classic aquitard.  

and lower and upper carbonate aquifers 

Upper classic aquitard

El 
El

4.

Modified from Carlson and Wiliden, 
1968; Denny and Drewes,. 1965; 
Winograd and Thordarson. 1975; 
and Stewmat and Carlson, 1978.

Lower carbonate aquifer 

PALEOZOIC (CAMBRIAN) AND PRECAMBRIAN 

Lower classic aquitard 

SYMBOLS 

Contact 

Thrust fault with sawteeth on upper plate 

Regional model boundary (Waddell, 1982) 
(approximate boundary of ground-water system) 

Subregional model boundary (this report) 

Approximate direction of ground water flow

Location of the Death Valley groundwater system. From Czarnecki and Waddell, 1984.
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117°00' 116*00' 115°000 I I 

BOUNDARY OF 38*00' 

HYDROGEOLOGIC 
STUDY AREA 
(DASHED WHERE PENOYER VALLEY 
UNCERTAIN) I j (SAND SPRING VALLEY) N 

IGROOM LAKE TA c)AA H VALLEY Ao 

OASIS - V 

VALLEY/ ,~ 0 

"/A 37"00' 

BEATTY ARGOSA FRENCHMAN, >- LINCOLN COUNTY, 
VALLEY s FLAT r " "5LAAP-" a 'J 'R"Y" . . ....  • •-,7• II \ ACKASS , .•• 

• "? Q • FLATS 4'T 

Nob MERCURY' 0 
SINDIAN 

L.JSPRINGS : 

,¶7 ~ ~ DEATH \ VALLEY* 

0 0 
O~j:)••'•!L AS VEGAS 

;'' 36O00' 

I *', 

0 10 20 
I I MILES 

o 10 230 40 KILOMETERS 

SGENERAL DIRECTION OF REGIONAL GROUND-WATER FLOW 
(QUESTION MARK INDICATES UNCERTAINTY) 

A. OASIS VALLEY SUBBASIN 
B. ALKALI FLAT-FURNACE CREEK RANCH SUBBASIN 
C. ASH MEADOWS SUBBASIN 

Subdivision of the Death Valley groundwater system. Modified from Winograd and Thordarson, 1975; Waddell, 
1982; and Waddell, et al., 1984.
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38,00'

01z 37*000 

BETT '- * * 7 LINCOLN COUINT 
-_ - I -1-r*- LU 

z. CLARK COUNTa
Az 

-~ AMARQI• e: MERCURY LN 

AM"ARG 'A INDIAN SPRINGSZ 

0 EAT LLe 4 

+ 

DEl•• IINiPLY '"'I} • ATH* • SPRING MOUNTAINS 

JUNCTIO 

ALKALI FLAT 7 , 

(FRANKLIN LAKE PLAYA) LAS VEGAS 
o 20- 3-6°00' 

I Io o MILES "
o 0 2'0 30 40 KILOMETERS 

[D RECHARGE AREAS OASIS VALLEY SUBBASIN 

0 DISCHARGE AREAS 46 ALKALI FLAT-FURNACE CREEK 
''RANCH SUBBASIN 

---- BOUNDARY OF HYDROGEOLOGIC 
STUDY AREA': DASHED WHERE ASH MEADOWS SUBBASIN 
UNCERTAIN 

----- SUBBASIN BOUNDARY .. LINE OF EQUAL AVERAGE ANNUAL 
PRECIPITATION. IN INCHES 

Subdivision of the Death Valley groundwater system. Modified from Winograd and Thordarson, 1975; Waddell, 
1982; and Waddell, et al., 1984.
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Number Saturated Matrix 
Well No. Stratigraphic Unit of Hydraulic Source Conductivity Suc 

Samples [m/d] 

J-13 Topopah Spring 5 2x10-4 

-3x10 7  Thordarson, 1983.  

UE-25 a#1 Topopah Spring 24 5x10 4  Anderson, 1981.  
-7x10-7 

UE-25 a#1 Calico Hills 6 3x10-4 Anderson, 1981.  
-4xl 06 

UE-25 a#1 Prow Pass Member of Crater Flat Tuff 12 x103 Anderson, 1981.  -2x10-5 Anesn19.  

UE-25 a#1 Bullfrog Member of Crater Flat Tuff 3 lx103 Anderson, 1981.  
-2x10

4 

UE-25 b#1 Topopah Spring 1 8x10 7  Lahoud et al., 1984.  

USW G-4 Prow Pass Member of Crater Flat Tuff 18 1x103 Peters et al., 1984.  
-6x:1 0-7 

USW G-4 Bullfrog Member of Crater Flat Tuff 6 2x10-4  Peters et al., 1984.  -5xl 0-4 

USW H-1 Prow Pass Member of Crater Flat Tuff 3 x104 Rush et al., 1984.  
-6x1 0-5 

USW H-1 Bullfrog Member of Crater Flat Tuff 9x10-3 Rush et al., 1984.  
-3xl 0-5 

USW H-1 Tram Member of Crater Flat Tuff 9 4x10 4  Rush et al., 1984.  
-4x106 

USW H-1 Lithic Ridge Tuff 2 aK10 4 
-6xl 0-5

Results of laboratory measurements of the saturated matrix hydraulic conductivity. Tuff "pile" - Yucca Mountain.  

Plate 4.2.2.-1
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Pumping test data for carbonate aquifers at the Nevada Test Site and vicinity.

Plate 4.2.2.-3

Average 

Well No. Stratigraphic Unit Thickness (m) Transmissivity (m2/d) Hydraulic Source 
Specific Capacity Drawdown Curve Recovery Curve Conductivity (m/d) 

1X104Winograd and 

79-69a Carrara Formation 49 lx104 204 Thordarson, 1975.  
Winograd and 

79-69 Carrara Formation 34 75 2.2 Thordarson, 1975.  
Winograd and 

67-73 Bonanza King Formation 86 100 250 660 1.16 ThorWarson, 1975.  
Winograd and 

67-68 Bonanza King Formation 117 75 490 1100 0.64 ThorWarson, 1975.  

66-75 Nopah Formation 224 50 140 330 0.22 Winograd and 
_________ ____________ _____________ Thordlarson, 1975.  

Winograd and 

88-66 Pogonip Group 266 9 16 66 0.03 ThorWarson, 1975a 

Winograd and 
75-73 Pogonip Group 229 7 47 0.03 Thordarson, 1975.  

Winograd and 73-66 Silurian Dolomite 80 740 9.25 ThorWarson 1975.  

87-62 Devil's Gate Limestone 172 12 0.07 Winograd and 
________ ____________________ _______________________ __________Thordlarson, 1975.  

Winograd and 84-68d Devonian Dolomite 62 9 0.14 Thordarson, 1975.

/



Pumping test data for tuff "pile" at the Nevada Test Site and vicinity.

Plate 4.2.2-4

Average 
Well No. Stratigraphic Unit Thickness (m) Transmissivity (m2/d) Hydraulic Source 

Specific Capacity Drawdown Curve Recovery Curve 
Winograd and 81-67 Bedded Tuff of Piapi Canyon Group 35 12 16 26 0.34 WThordarson, 1975.  

Winograd and 

90-74 Bedded Tuff of Piapi Canyon Group 55 2 0.04 Thordarson, 1975.  

Win ograd and 

90-75 Bedded Tuff of Piapi Canyon Group 59 5 0.08 Thordarson, 1975.  

Winograd and 75-58 Topopah Spring 45 1240 27.5 Thordarson, 1975.  

Winograd and 74-57 Topopah Spring 161 500 850 3.1 Thordarson, 1975.  
Winograd and 

81-69 Topopah Spring 51 2.5 0.6 0.04 Thordarson, 1975.  

Winograd and 74-61 Basalt of Kiwi Mesa 34 50 350 1.47 Thordarson, 1975.  

J-13 Topopah Spring 167 120 0.7 Thordarson, 1983.  

Thordarson and USW VH-1 Paintbrush Tuff - Crater Flat Tuff 579 2000 3.45 Howells, 1987.  

T790 Whitfield et al, USW H-4 Paintbrush Tuff - Crater Flat Tuff 700 71.1 1975.



CARBONATES 
NUMBER OF MEASUREMENTS: 10

100% 

50 

0 

100%-,

AVERAGE HYDRAULIC 
CONDUCTIVITY [m/d]

TUFF "PILE" 
NUMBER OF MEASUREMENTS: 10

5 5x1l 02
AVERAGE HYDRAULIC 
CONDUCTIVITY fm/dl

Comparison of values of hydraulic conductivity in carbonates with values of hydraulic conductivity in tuff "pile".  
All conductivity data are based on pumping tests.

plate 4.2.2-5
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0-459. Paintbrush 

0-29. Tiva 

29-459. Topopah 
459-566. Calico Hills.  

566-1829. Crater Flat 

566-707. Prow Pass 

707-832. Bullfrog 

832-1235. Tram.  

1235-1829. Lithic 

Ridge and older tuffs.

Injection Test

687-697 

811-926 

926-1200 

1200-1407 

1407-1621 

1621-1829

Pumping Test

572-597 

597-616 

616-652 

652-653

Well H-i - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2-6
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Well H-1 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2-6a

Average 
Stratigraphic Tranemissivity Hydraulic Source Elevation (m) Depth (m) Section Interval Tested Thickness (m) (m2 /d) Conductivity (m/d) 

Pumping Test Continued 

653-688 35 <1 <3xl 0-2 

687-694 7 1x10, lx1002 

694-736 42 <1x10.2 <2x10 4 

736-741 5 6x10"1  lx10'1 

741-758 17 2xl 0' 1 x1 0 2 

758-792 34 1x10.2  3x10 4 

792-811 19 <3xl 03 <2x10 4

(



Average 
Stratigraphic I Transmissivity Hydraulic Source 

Elevation (i) Depth (i) Section Interval Tested Thickness (i) (m2/d) Conductivity (m/d)

0-424. Paintbrush 

0-120. Tiva 

120-424. Topopah 

424-453. Calico Hills.  

453-1219. Crater Flat 

453-580. Prow Pass 

580-755. Bullfrog 

755-1109. Tram 

1109-1209. Lithic 

Ridge Tuff.

Injection Test 

792-850 58 1.2 2x10-2 

851-917 66 2x10-2  3x1 04 

911-972 61 av. 4.5xl 0-2  7.3x10-4 

1063-1124 61 av. 6.5x1 0-2  1 x1 0-3 

1126-1219 93 1x10-2  lx104 

Pumping Test

Swabbing

Thordarson, 
et al.,1985

Well 11-3 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests, p,,mping tests, and swabbing tests.

Plate 4.2.2.-7
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Well H-4 - Hydraulic conductivity data based on pumping tests.

Plate 4.2.2-8

Average 
Stratigraphic Transmissivity Hydraulic Source 

Elevation (m) Depth (m) Section Interval Tested Thickness (m) (m2/d) Conductivity (m/d) 

Pumping Test 

1249 1219 0-400. Paintbrush 561-584 23.5 11.5 0.49 Whitfield 
0-62. riva et al., 1985.  
62-400. Topopah 623-639 16.0 18.6 1.16 

400-496. Calico Hills 

496-1219. Crater Flat 643-669 21.0 6.9 .33 

496-693. Prow Pass 680-707 27 1.1 4x10.2 

693-812. Bullfrog 
812-1164. Tram 707-733 26 55.8 2.15 
1164-1219. Lithic 

Ridge Tuff. 779-785 6 8.2 1.37 

785-805 20 10.4 .52 

820-834 14 5.7 .41 

834-852 18 3.4 .19 

863-876 13 18.6 1.43



(

Well H-4 - Hydraulic conductivity data based on pumping tests.

Plate 4.2.2.-8a



Average 
E((m) Stratigraphic Transmissivity Hydraulic Source Elevation (i) Depth Section Interval Tested Thickness (i) (m2/d) Conductivity (m/d)

1220

J. I

0-419. Paintbrush 

70-79. Tiva 

79-419. Topopah 

419-458. Calico Hills 

458-1220. Crater Flat 

458-678. Prow Pass 

678-874. Bullfrog 

874-1130. Tram 

1130-1220. Lithic 

Ridge Tuff.

Injection Test
-r r

581-607 

606-640 

649-683 

686-753 

753-787 

804-838 

835-869 

1118-1152 

1155-1220

26 

34 

34 

67 

34 

34 

34 

34 

65

3x 0-1 

>5 

2x1 02 

2x1 0-1 

>5 

lxi 0-1 

2xl 01 

<3x10-3 

3x10-3

I1x10.2 

>1.5x10-1 

6x10-4 

3x10.
3 

>1.5x10-1 

4x10-3 

5x10-3 

<5x10-5 

5x1075

U - -

Pumping Test

Craig and 
Reed, 1987.

Well H-6 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2.-9
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Well H-6 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.  

Plate 4.2.2.-9a



,

45.7-422, Paintbrush 

45.7-83.8. Tiva 

83.8-422. Topopah 

422-570. Calico Hills 

570-1220. Crater Flat 

570-720. Prow Pass 

720-878. Bullfrog 

878-1207. Tram 

1207-1220. Lithic 

Ridge Tuff.

Injection Test

504-544 40 1.4 3.5x1 0-2 

581-621 40 37 9.2x10-1 

621-661 40 2.1 5.3x10-2 

703-743 40 .18 4.6x 10-3 

743-783 40 9.9xl 0-2  2.5x 10-3 

779-819 40 39 9.9x10I1 

820-860 40 13 3.3x10-1 

1006-1220 214 2.1x 10-2  9.8x10.5 

Pumping Test 

471-1220 749 340 4.5x-10-1
I I I

et

Well UE-25b#1 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2. 10

1200
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Well UE-25p#1 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2.-11

Stratigraphic Transmissivity Average 
Elevation (M) Depth (m) Section Interval Tested Thickness (m) (m2/d) Hydraulic Source 

Straigrphi Intrva Teted hicnes (in (mId) Conductivity (mid) 

Injection Test 

1113 1805 0-52. Timber Mtn. Tuff 384-500 116 1 8.6x10-3  Craig and 

52-381. Paintbrush Tuff Robison, 
52-81. Tiva 500-550 50 0.1 2x1 03 1984.  
81-381. Topopah 

381-422. Calico Hills 550-600 50 2.8 5.6x10 2 

422-1244 Crater Flat Tuff 
422-548. Prow Pass 

548-690. Bullfrog 640-690 50 1.1 2.2x10-3 
690-873. Tram 

873-1244. Lithic 690-740 50 .2 4x10-3 

Ridge Tuff 

1244-1805. Lone Mtn. 739-789 50 1.1 2.2x-10-3 
Dolomite and Roberts 

Mtn. Formation. 764-834 70 .6 8.5x10-3 

834-904 70 .8 1.1x10 2 

904-974 70 .9 1.2x10-2



(

Well UE-25p#1 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2.-1 a
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Well UE-25p#1 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2.-tlb

Average 

Elevation (i) Depth (i) Stratigraphic Tranamissivity Hydraulic Source Section Interval Tested Thickness () (m2/d) Conductivity (m/d) 

Pumping Test 

384-500 116 14 1.2x10 1 

550-600 50 0.5 lx1 0.2 

600-650 50 0.5 1x10.2 

640-690 50 .3 6x1 0-3 

974-1044 70 .5 7xl 0-3 

1044-1114 70 1.5 2.1x10 2 

1180-1301 121 7 5.8xl 02 

1341-1381 40 72 1.8 

1381-1421 40 10 2.5x10"1 

1423-1463 40 4 1 x1 01



Well UE-25p#1 - Hydraulic conductivity data based on Cooper-Bredehoeft injection tests and pumping tests.

Plate 4.2.2.-11 c



360 52'30"- i 737i5 lwr 1 1 ; numbr i 3" : altitude of water lev4 
measured during thi
Study (table 11, in 

S730" meters above sea lei 

-80•- POTENTIOMETRIC 
CONTOUR--Shows 
altitude of potentso

UE-25 WT/4 metric surface 1983.  
Contour interval, in 

727.4 meters, is variable.  

S Datum is sea.level :'*::: 9 G -4ii!ii:iii: 
UE -25 WTWI5 i~i!i7i!'. 7328.~iii~! 

W-4: UE-25 WTI$14 

X-729.3 7 2 

X3.7 

................ A 
UE-25 WTU 

.29 P$M728 

72973 

USW WT- 1 . :•::S:W 

o0 2 3 KILOMETERS 

Q UJ 7/ W.I 

0 1 2 MILES 

Location map for hydraulic conductivity cross-sections. Modified from Robison, 1984.
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Hydraulic conductivity structure. E-W cross-section. Yucca Mountain.
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i $ ~ = G-1es + ad,,, I \ 

DEPTH nr-1 I 
I 

acon,) =ai... +A ad,, 

"LIMIT EQUILIBRIUM" IN-SITU STRESS CONDITIONS 
ARE INITIATED AT DEPTH n + I AT TIME tn+ 1.

Conceptual understanding of the "three" layer hydraulic conductivity structure at Yucca Mountain.

plate 4.2.2.-15

LAYER 1 K > 10-2 m/d H-1 ABOVE 700m; H-3 ABOVE 850m; H-4 ENTIRE DEPTH; 
UE-25p#1 ABOVE 500m; UE-25b#1 ABOVE 700m.  

LAYER 2 10- 5 <K<10-2 m/d H-1 700m-800m; H-3 850m-BOTTOM; UE-25p#i 700m-1244m 
UE-25b#1 7 00m-1000m.  

H-1 800m-BOTTOM; USW H-6 800m-BOTTOM; LAYER 3 K" < 1- m/d UE-25b#1 10OOm-BOTTOM
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Configuration of the water table in the Death Valley groundwater system. From Winograd and Thordarson, 1975.
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Configuration of water table in Pahute Mesa (recharge area of the Death Valley groundwater system). From 
Corchary and Dinwiddie, 1976.
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0 I 0 12 KILOMETERS 

Configuration of water table at Yucca Mountain. Modified from Robison, 1986.  
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Valley-fill aquifer 

Lower clastic aquitasd 
Mostly Stirling Quartzite and Johnnie Formation but also includes lower part of 

CaGirta Formation, Zabriskie Qmuarzite, and Wood Canyon Formation 

Upland area

}n:, 
gZ

Contact

Fault 
Desed where inferred. Bar and bail on downthrown sde. Arrows indicate drec

tron of reltivi movement 

HYDROGEOLOGIC AND GEOLOGIC UNITS 

SYMBOL GEOLOGIC UNIT HYDROGEOLOGIC UNIT 

QTaI Quaternary and Tertiary valley fill Valley-fill aquifer 

Tpi Piapi Canyon Group and Indian 
Trail Formation undifferen
tiated 

Tp Ash-fall(?) tuff of Piapi Canyon(?) Tuff aquifer and aquitard 
Group 

Trk Rhyofite of Kawich Valley 

Pzc Paleozoic carbonate rocks L n 
Cb Bonanza King Formation 

CpCI Lower Cambrian and Precambrian 
clastic rocks 

p~s Stirling Quartzite and Precambrian Lower clastic aquitard 
clastic and carbonate rocks 

pCn Noonday(?) Dolomite

HYDRAULIC SYMBOLS 
Note: All altitudes and contours in feet. datum is mean ,ea level 

39,•18 IP~sl 

Test well 
Well tapping pre-Terrtiary hYdrogeologic units: upper iumber is well 

number: lower number is altirude of static water level. svmbol in 
parentheses is formation rapped 

90-74 
(D3951 (To?) 

Test well 
Well tappiW Tertiary tuff aquifer; upper number is well number: lower 

number is altiuade of sttale water level symbol in parentheses is for
r16t WA taop 

93-71 

04368:2 IQTs) 

Test well 
Weil rappig Quaternary and Tertiary alley.fill aquifer: upper number 

is well number: lowe number is altitude of static water leve1" symbol 
in Parenthaese is formwatioin tapped 

- 4370---

Potentiometric contour 
Shows rlitude of potena*Imeric wface in Cenozoic hydrogeolopIC 

units, deollie wuhat anfmed; oontow inweral vaible 

Potensiometric contour 
Shows altitude of potanrimetrim nwfae in re-iernry hydrogeonic 

units; dashed Aere inferret- contour utarvui vifbe 

, w70 

Test wall, dashed where projected

Explanation of symbols used on Plate 4.2.3-6. From Winograd and Thordarson, 1975.
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N.

Base from U.S. Geological Survey 1:250.000 THRUST FAULT Modified from Winograd and Thordarson (1968, 
Death Valley and Las Vegas, 1954 fig. 6). Rock type distribution from Longwell.  

0 2 4 6 8 10 MILES Pampeyan, Bowyer. and Roberts (1965) and 40.01)0-foot grid based on Nevada I I I I 
coordinate system, central zone I I I R. L. Christiansen, R_ H. Moench, and 

0 2 4 6 8 10 KILOMETERS M. W. Reynolds (written cummun., Mar. 1965)

.4 Inferred ground- A' 
5000, " water barriern 

\3300 - lo ot 
4000' s e-r 65-76 

200 700-tootisil 1 

2400 foot level- -7--- nientlomeric level
2000' Vertical ehageration x 6.7 

HYDRAULIC SECTION

INOIAN SPRINGS 
VALLEY 

LAS VEGAS VALLEY 
SPOTTE0 SHEAR ZONE 

A RANGE I' 
6000' QT S is-i ,)Tat 

2000' .*o ,.ia 'L ,t P. 
SEA LEVEL , 

2000' Mod£6 d4 from Minoqad ind 
Thorda,,on (1968. FR., h 

GEOLOGIC SECTION

Configuration of the water table in southern Indian Springs Valley. From Winograd and Thordarson, 1975.
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Lower castboate aquiferd Dolomite and limestone; minor shale and quartzite. chiefly Middle Cambrian 

0.< 

through Dev'onian age; in Spoltfed Range includes thin clastic strata, possible < o equivalents Of Eleana Formation; in southeastern part of map includes Monte Crito Limestone and Bird Spring Formation 

Z Z 

Lower elastic aquitard 
Quartzite. siltstone, shale, and minor limestone 1% Z

Contact

Fault Dashed where inferred. Bar and baft on downthrown side. Arrows indicate 
direction of relative movement 

.... h.....&... A - A - A 

Thrust fault 
Sawteeth on upper plate.: dashed where inferred 

HYDROGEOLOGIC AND GEOLOGIC UNITS

GEOLOGIC UNIT HYDROGEOLOGIC UNIT

Valley fill Valley-fill aquifer 
Tertiary tuff, probably pre-Piapi(?) Tuff aquitard 

Canyon Group

PZC Paleozoic carbonate rocks 
PIPMb Bird Spring Formation 
C-O Cambrian and Ordovician 

carbonate rocks 
Cn Nopah Formation 
Q Bonanza King Formation 

ep-l Early Cambrian and Precambrian 
classic rocks 

pcJ Johnnie Formation

} Lower carbonate aquifer 

}Lower clastic aquitard

HYDRAULIC SYMBOLS 
NOTE: All altitudes and contours in feet; datum is mean sea level 

66-69 
*2415 IPtII 

Test well 
Well tapping pre-Tertiary hydrogeologic units: upper number is well number: lower number is attitude of static water level; symbol in 

parentheses is formation tapped 

66-79 
3 04 {OTal; N)l 

Water well 
Well tapping valley fidl and lower carbonate aquifer; upper number is well number: lower number is altitude of composite static water level of both hydrogeologic units; symbols in parentheses are forma

tions tapped

68-6(D 228117) R (TJ 

Test 
well 

Well tapping suff equirard; upper number is well number. lower number is altitude of static water level: R, water level reported: symbol in 
parentheses is formation tapped; water level reported for well 68-69 is probably inaccurate but given for completeness 

66-72 
o <3060 lQT

Test well 
Well tapping valley-fill aquifer.- upper number is well number; lower 

number is altitude of static water level, symbol < denotes dry welL
symbol in parentheses is formation tapped 

65-76 

*3329 IOTM; TO 

Test well 
Well tapping both valley-fill aquifer and tuff aquitart': upper number it well number: lower number is altitude of static water level, symbols 

in parentheses are formations tapped 

0 3175 ± S (PPMb) 

Spring 
Spring in, or near outcrop of, lower carbonate aquifer: above line, name 

of spring; below line, altitude of land surface: symbol in parentheses is formation supplying spring 

Cactd. SPrmin.  
3238 z 5 ((Tall 

Spring 
Spring in valley-fdl aquifer; above line, name of spring; below line, attitude of land surface:, symbol in parentheses is formation supply.  

ing spring 

-2700 ....  

Potentiometric contour 
Shows altitude of potentiometric surface in lower carbonate aquiter; 

contour interval variable.- dashed where inferred 

• .3300---

Potentiometric contour 
Shows altitude of potentiometric surface in valley-fit! aquifer, contour 

interval variable: dashed where inferred 

Inferred ground water barrier along concealed fault zone 
Width of symbol not intended to represent width ol hyidraulic barrnec which may range from several tens to a few thousand feet 

Dry lakebed 

66-75 

T 
Test well 

Number is well number

Explanation of symbols used on Plate 4.2.3-7. From Winograd and Thordarson, 1975.
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Water table 
V~a above top of 

ro Paleozoic rocks ~ ~ ~ where shaded, 
in Paleozoic rocks I • where not shaded.  

A 

4 

V .. ::? ., ,' . . .  

0 I 2 3 MILES 
WeI I I s 

i WellIs 

C, C- I 

Configuration of water table in Yucca Flat. From Corchary and Dinwiddie, 1976.

IL
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EXPLANATION 

77 
QUATERNARY AND 

TERTIARY(.) ALLUVIUM 

TERTIARY VOLCANICS 

PRE-TERTIARY 

SEDIMENTARY AND 
INTRUSIVE ROCKS 

DRILL HOLE 

0 5 I0 MILES

A

0 5 0 MILES 

U i CRISTOBALITE CLINOPTILOLITE MORDENITE ANALCIME

General hydrology of Yucca Flat. From Hoover, 1968.
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EXPLANATION

o,,I ao.

Tunnel, nome at portal

Road

o-r 
Spring

2 MILES

CONTOUR INTERVAL 200 FEET

Generalized topographic map of the Rainier Mesa quadrangle, showing locations of wells: U12e.03-1; U12e.M-S; 
Hagestad #1; and Test Well #1. From Thordarson, 1965.
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DEPTH TO WATER IN INTERVAL TESTED (FEET)

500

1,000 
0 

1,500 

• €, z...  

S2,000 - 7 ? 

0 

2,500 

EXPLANATION 

Packed off interval in which head was measured 

3,000 

Test well 1 

Test hole U12e.Ml 

" Test hole Ul2e.03-l 3,500. Hagestad No. 1 Drill-st, 
/ test of 
/ dolomitj 

0.5 ft/ft Hydraulic gradient - incremental 
head change, feet/incremntal length 
of hole, feet 

4,000 

Vertical hydraulic gradients in four test wells from the area of Rainier Mesa. From Thordarson, 1965.
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PORE PRESSURE

WATER LEVEL 

TERTIARY VOLCANICS

PALEOZOIC CARBONATES

Idealized changes in pore pressure with depth. Rainier Mesa and Yucca Flat.
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N 970000 .. , 116* 

NEVADA TEST SITE.  
37-22'30" 

N 950000

E 610000

N

E 63OOo EXPLANATION 

15', 

Relatively stable or variable 
heads to depth& "e much a 
2,500 feet below top of satu

_ rated zone, and decreasing or 
probable decreasing heads 
with greater depth 

Relatively stable or variable 
heads to depths as much as 
2,00 feet below top of satw 
rated zone, and increasing or 
probable increasing head& 
with greater depth 

Numbers near arrows india•sc 
measured Atad cheiigea 
Queried where doubtful 

Approximate boundary between 
areas with decreasing and 
Increasing heads 

* UE-201 oU-200 
Exploratory test Emplacement hole 
hole and number and number

20.0000-oot Wid baed on Nevada 
coordinate system, central zone

0 5 MILES I

Vertical components of flow in the area of Pahute Mesa. From Blankennagel and Weir, 1973.
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(AM1 depths iLast below Ian ourfa•... Iste id isolated with packera in PM-i and PM-4 wer too Inpermesble to yield data 
on bond ehaa] 

EaploUtory Dept•• to 1 e--J--(s) Depth to water Prinelpal rock types Depth of interval (a) bole water I Isolated with for bolato in bolaat With hn_ open bob packers Interval (a) interval (8) 
UE-19b-I .............. 2,117 2,176--4,040 2,117 Rhyolite .............................. 2,610-2,640, 

2,720-2,760
UF-19e.............  

UE-19d ...........  

U E-190 ...................  

UE-19fa .............  

UE-19gh ..................  

UE-10h- ..................  
UE-19bd .........  

UE-200-1 ................  

UE-20d ....................  

UE-20h...........  

UE--20J ....................  

UE-18r' ...................  

TW-re ............

2,345 

2,177 

2,240 

2,306 

2,045 

2,112

2,319,-2,874 

2,884--,284 
4,083-4,231 

2,-00-3,483 
3,472-3,852 
3,844-4,042 
4,626-4,784 
4,810--4,86 
5,828-,6,58 

2,619-2,779 

4,202-",004 

2,75"0,218 
3,5204,888 
4,146-4,480 

2,802-2,970 
4,636-4,834 
6,920-7,118 

2,200-2,396 
2,408-3,705

2,319(?f 

2,348 
2,360 

2,177 
2,186 
2,178 
2,180 
2,200 
2,210 

2,232 

2,2= 

2,302 
2,304 
2,309 

2,048 
2,050 
2,049 

2,109 
2,112

Rhyolite and rhyolite breccia. | breecia 3,050-3,075 
... do .....................-... 75 
Rhyolite ........................ 'I 
Rhyolite ..............................  

.......... do ............................  

.......... do ............ ....... 3,300-3,3M0 
... o........::::: .. ) 

Welded tuff and zoolitizod. tuff. / 2,650-2,690, 
-----..--- do ............ 4,970--4,99 

Rhyolite ....................... 2,880-2,950 
.... ........ 3,150-3,16 Rhyolite and ...........-....  

WRhyolite-.-. ........ • 

Weded tuff ............. . 24140-2,90, 
Tuffateous andxtona.._) 4,786-4,79 

Rhyolite and welded tuf\ 2,378-836 S...... ... do .............. ... (eat.}

a 

50 

•0

2.258 2,910-8,068 2,220 do............  3,460-3,618 2,258 . d........ d ....... 3,400,470, 
4,100-4,258 2,218 do.... do ........ .......... .. 3,75o-,71 

2,066 2,067-2,008 2,064 Rhyolite. .......................  
2,492-2,682 2,066 .......... do ......................... .  
2,895-3,085 2,065 .......... do. ......................- 2,400-2,682, 
3,090-8,280 2,064 .......... do ................ 2,895-3,09 
3,648-3,88A 2,042 ........ do ................. 3,6484,88 4,048-4,238 2,051 .......... do ........................  
4,355-4,500 2,033 .......... do ............... .............  

2,075 2,578-2,776 2,078 Rhyolite. ....... ..................  
4,118-4,316 2,018 .......... do ............................. 2,578-",780 

1,822 2,774-2,972 1,828 Rhyolite. .......................  
3,4804,678 1,835 Rhyolite and vitrohyre.  
4,020-4,218 1,828 Zoolitized bedded tnt 3,550-3,660 

and welded tuf.  
4,540-4,295 1,820 ......... do .............................  

'1,954 2,5948-,7N 1,946 Rhyollte and vitro 
3,150-43" 1,988 .......... do. ...................... i 
3,3384I56 1,954 .......... do .... ................ 3,150-3,348, 
4,350-,249 1,857 .......... do .......................... 4,568-4,76 
8,972-9,170 1,846 .......... do ........................  

2,11 2,575-2,743 2,111 Rhyolite ..........  
2,741-3,210 2,116 .... .... do.. ......... .......  
3,3504,518 2,111 Zeolittzed bedded tuf ....... 3,042-4,170, 3,7054-,873 2,114 ......... do...................... 4,040-4,00 
3,892-4,060 2,116 Rhyolite brecia ..........j 
4,070-428 2,117 .......... do ..........................  

1,270 1,858",056 1,245 Welded tuff ............ .  
2,061-2,249 1,247 .......... .............do..  
2,253--2,461 1,249 
2,670-.2,868 1,261 ..........:do............. 2,9 150, 
2,957-3,155 1,270 .......... do .......................... 2,957-.3A 
3,359-3,832 1,273 ....... d o . ...........  
4,023",690 1,264 Rhyolite and tuff .............  

1,372 1,440-5,004 1,372 Welded tuff ................... 1,660-1,675 
.......... do ....... 2,o50-2,o 
Rhyolite .............. 3 ,156 0 

1,068 1,320-6,490 1,068 Rhyolita and welded tuf 1,290-2,010

15

5, 
I 

6 

0

7

lw eaed to 4.41 ft and drilled to 13.611 t. depth to Month of Pahute Nes.  

Results of downhole measurements of distribution of hydraulic potentials, Pahute Mesa. From Blankennagel and 
Weir, 1973.
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WESTERN PORTION EASTERN PORTION

DEPTH TO WATER IN OPEN 
,HOLE (COMPOSITE PORE 
PRESSURE) REFLECTS 
THIS DISTRIBUTION.

WATER
DEPTH TO WATER IN OPEN 
HOLE (COMPOSITE PORE 
PRESSURE) REFLECTS THIS 
DISTRIBUTION.

"UNDERPRESSURE

Idealized changes in hydraulic potentials in Pahute Mesa.
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E 530000 E 550000 
116030' ,70 0040

E 570 000 E 590 000 E 610000

'22' 30" -

E 630 000 

EXPLANATION 

Ca +f CO, + C0, 

So.+CI'fra N+K 

-. 100 0 100 

"'•.-- Plotting scheme and scale, in 
" ". percentage of milliequivalents 

iper liter 

iagrAlms, except where indi
cated by "ars of eompoeite 
water eample collected dir"Ing pumping testa 

'Diagraraane m uwing s• -am 
collected from drill hole with wi 
Ma. tool.  

Silent CY alde bmody 

'lmber Mountain calddi complex 

.UE-20c r---• WratM tes ,,l andnmber

oU-20c 
Emplacememt lbole nd number

20.004foot grid based on Nevada 
coordinate system. central zone

0 5 MILES 
I I

Water chemistry map for Pahute Mesa. From Blankennagel and Weir, 1973.
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TABLE 10. - Selected chemical anawlyses of water 

[Chemical analyses in milligrams

Date interval 
of sape sampl, ape 

collection (ft)

Major I 
producing z 
zone(s) a* .  

(ft) 0,4 z 
a- 0

UE1t......... 1-29-48 1,629-4.004 ..... 32.2 48 <0.1 0.08 <0.01 26 1.0 0.18 81 U-19&5 ...... . 6 .... - 7-65 3.195 .-... ~ . 64 .04 .8 <.02 2.0 .1 <.02 200 
6- 7-68 8.196 ......... .... SO .09 .14 <.02 1.2 <.1 <.02 189 6- 7-611 3.195 ....... . ... 84 .08 .03 <.02 1.6 <I1 <.02 263 UE-19b-1........... 6-21-44 2.190-4.500 2,740 31.6 47 .8 .35 .06 20 1.7 . 43 

10-18-64 2.190-4.500 2.740 30.0 41 .04 .41 1.2 24 2.4 .... 42 UK-lie........... . 8- 7-44 2.421-4,520 3,040-4.075 88.3 41 <.1 .4 .11 1.0 .1 .05 29 8.- 9-66 3.0"0 3,040-4.015 51.1 83 <.01 .04 0 18. .9 14 UZ-19d.-....-..------.. 3-24-64 72"-.500 3.300-3.480 32.2 26 .08 .22 .83 29 2.9 .29 178 6-27-64 2.1140-7.631 3.900-..480 45.0 56 .02 .06 <.01 44 .0 ... 150 
6-21-64 2.5607.639 3,300-3.460 48. 42 90 <.01 29 1.4 148 3- 9-64 $3820 3.300-3.480 84.4 5 <.01 <.01 . 8 2.3 .19 1ll8 8.. 9.66 4.300 3.300-8.450 34.4 55 <.01 .02 .4 57 2.5 .19 1ll3 UK-IS .... . ....... 4-22-416 2.4715-6,005 2.6W02.690: .... .52 .09 .02 .5 s.o.... 5 

4.970-4C990 
6- 1-8 2.W5-.006 2.65w2.690; 85.0 6 <.01 .01 .02 2.1 <.I .02 43 

4.970-4,910 

UKlf.......... -16-415 2.36-4.772 87.7 56 .02 <.01 .03 it 1.6 .02 2 UZ-l99s ........... 3-41-65 2.65-4.508 2.940; 3.'970; 41.6 46 .04 0 .01 12 <I1 65 
4,270 

8- 2-66 .5-.0 2.940. 3.910; 41.6 50 .01 <.01 .01 2.3 <.I .02 54 
UK-IOL.............. 9- 2-411 2.8116-5.000 3.460-.618 47.2 5 .08 <.02 .05 5.0 <I1 7061 U-I0aw-L..-.-......... 10-14-64 2.06"-.500 ....... 26.6 41 .8 .13 <.*I 8.9. <.1 53 

3-10-66 1.06844.06 -... ... 48 <.01 .09 .01 6.1 .1 .03 5 JK-20d ........... .. 3- 8-66 2.920 2,570-2,720; . 3.. 7 <.01 .06 .01 1.4 <I1 .06 511 
4.25",4460 

3- 2-4.8200 2,670-2.720; 41.6 48 .04 .07 .01 1.4 <I1 .08 83 
4.230-4.460 

7-27-66 2,4""4.$" 2.570-2.720; 40.0 47 <.01 <x0 <.01 4.3 .1 .07 so 
4.21144.460 7-28-46 2.446-4.5"0 2.1570-2,720;- 40.0 52 <.01 <.01 .01 21 .1 .13 66 
4.250.4,44 

8-12-64 2,446-4.806 2.570-t.720; 46 .09 <.01. .39 8.5 .1 <.01 107 
4.25"-..460 UK-20e ......... .... 6- 5-44 1.825-.8996 3.550-3.660 47.2 44 .82 .13 <.01 .4 <.1 112 3- 81-46 2.6"0 3.550-3.660 32.6 so .01 .02 <.01 .2 <.1 .03 63 UKE-l ................. 68-11-641 4.456-18,6"6 4.570-4.660 48.8 47 .07 .156 .14 4.6 <.1 113 11-202 ...............- 3-23-66 4,026 4,080 41.1 s6 .0 <.01 .01 .8 .1 <.*1 69 

5-27-66 4.025 4.02 41.6 193 .05 <.01 .01 .4 <.1 <.01 69 UK-2l1 ............... 29-26-63 2.506-7.207 4.000-4.070 32.2 49 .02 <.01 .08 .6 <I1 <.016 UE-20J ....... ...... 10-21-66 1.740-6.6100 2.0503.25; 36.2 4 .01 4.8 <.01 46' 1.2 it18 
2.260-I.360 

TW-85................. 10-15-44 1.042-1.66 1.300-.780 26.1 45 <01 <.01 <.01 8.8 .9 ... 30 
'In solution at time of analysis; or collection.  
'South of Pahute Mesa.  

Results of chemical analyses of water samples from Pahute Mesa. From Blankennagel and Weir, 1973.
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/

Hardness as CaCO3 

Moe Date 
Sntrva aao 

..  ofera producing a. 0 u~ ~ Ho le sampled oe(a) W I z s 
a 

collection .0 Jli I-z .  

UE-18r' ................... 1-29-68 1.629-4.004 ............ 0.10 0.11 0 253 24 7.8 2.9 0.6 <0,01 813 69 0 449 8.0 U-19as ..................... 6- 7-65 8,196 ............ .61 .04 30 174 26 19 ao 1.0 <.01 626 6 0 86 9.3 
6- 7-66 3.195 ............ .62 .07 8 205 27 11 50 2.5 <.01 491 3 0 828 8.4 6- 7-65 8.196 ............ .85 .04 82 261 51 12 70 12 <.01 723 4 0 1,180 9.3 UE-19b-I.... ........... 6-21-64 2.190-4,500 2,740 ...... .08 0 10 24 13 3.2 .1 <.01 242 57 0 316 6.7 

10-18-64 2,190-4.500 2.740 .03 0 150 21 6.8 3.2 .4 <.01 229 70 0 314 7.4 UF-19c .................... 5- 7-64 2,421-4.520 8,040-3.075 .04 .05 0 0 4.6 2.6 1.2 1.8 <.01 117 3 0 124 7.6 a- 9-46 3.050 3.040-3,075 .a3 0 400 <.1 7.7 4.3 .2 <.01 390 33 0 644 7.9 UE-31Od .................... 8-24-64 724-4.600 3,300-3,480 .0 .04 0 434 62 39 4.4 30.0 <.01 60 85 0 839 7.5 6-27-64 2,660-7.689 3,300-3,480 ...... ...... 0 80 3 6.9 .1 <.01 572 131 0 231 7.9 
6-27-64 2.560-7.689 3,300-3.480 ...... ...... 0 320 3 30 7,5 <.1 <.01 526 79 0 777 7.6 3- 9-66 3,880 3,800-3.480 .is ..... 0 481 60 19 5.0 .5 <.01 551 16 0 911 7.9 3- 9-66 4,200 3.300-3,480 .8 ...... 0 489 57 20 4.9 .6 <.01 678 154 0 90 7.9 UE-Ile .................... 4-22-65 2.476-6,005 2,650-2,690: .16 0 .. 20 it 1.2 3.4 .01 190 1 0 233 7.4 

4.970-4,990 
8- 1-66 2,475-6,006 2.60-2.690; .046 .01 6 80 16 3.7 5.3 1.7 <.01 169 9 0 2" 8 

4,970-4,990

UE-1of ............... 8-16-65 2.566-4,779 .02 
UE-ggs .................. 3-27-65 2,650-4,608 2.940; 3.970; 

4.270 
8- 2-66 2,650-7.500 2.940. 3.970; .04 

4,270 
UE-191 ..................... 9- 2-65 2,896-8,000 3,460-3,618 .03 
U-20a-2 ................... 10-14-64 2,066-4,500 ............ .....  

3-10-66 2.066-4.500 ... .06 
UE-20d .................... 3- 8-66 2,920 2,570-..720; .08 

4,250-4,460 3- 8-66 8,200 2.570-2,720 ; .08 
4,250-4,460 

7-27-66 2,446-4,500 2.570-2.720; .00 
4.250-4.460 

7-28-66 2.446-4,500 2,570-2,720; .00 

a 4,250-4.460 
8-12-66 2,446-4,500 2,570-2,720; .08 

4.250-4.460 
UE-20e-I ................ 6- 5-64 1,825-6.395 3.5503,660 ..  

3- 8-66 2.600 3.550-3.660 , 
UE-20f ..................... 8-11-64 4,456-13,686 4,670-4,680 
U-20f ........................ 3-28-66 4,026 4.030 .02 

5-27-66 4.025 4,025 .00 
UE-20h .................... 8-26-65 2.506-7,207 4.000-4,070 .08 
UE-20j ..................... 10-21-64 1.740-5.690 2.0560-2,250; 

2.960-3.830 
TW-8' ...................... 10-15-64 1.068-1.860 1.300-1.780 

'In solution at time of analysis or collection.  
*South of Pahute Mesa.

0 86 9.0 6.3 3.6 2.2 <.01 186 34 0 202 8.1 
0 146 36 9.0 2.0 1.3 <.01 242 30 0 343 5s 

.01 0 123 43 22 8.0 .6 <.01 270 7 0 38 6.2 

.01 0 98 70 7.0 5.5 .2 <.01 200 1i 0 22n 7.7 .01 0 104 28 11 2.6 1.2 <.01 206 15 0 228 6.9 
0 106 27 11 2.7 1.4 <.0I 201 16 0 286 7.7 
0 122 40 28 8.1 1.3 <.01 252 4 0 184 8Ss 

0 120 42 24 3.1 1.7 <.01 282 4 0 "51 8.3 
.01 0 137 44 23 2.8 <.1 <.01 286 it 0 40 7.8 
.01 5 143 52 2.3 2.4 .3 <.01 281 51 0 394 8.4 

.01 4 192 40 24 3.0 <.1 <.01 827 22 0 47 8.3 
0 I30 48 57 4.6 1.0 <.01 336 1 0 N5o 7.7 ...... 2 11i 42 20 4.5 .5 <.01 245 1 0 362 2.6 0 164 48 40 5.0 .1 .02 368 12 0 519 7.2 .01 10 108 30 6.6 8.9 <.1 .07 240 3 0 291 5.9 

.01 14 SO as 7.0 8.7 .7 .12 194 1 0 297 9.1 <.1 0 107 30 15 2.7 1.3 <.01 231 2 0 201 8.1 ...... 0 150 135 115 2.2 .9 <,01 528 12O 0 904 7.0 
0 78 16 7.6 .7 3.6 .01 149 26 0 197 6.8

Results of chemical analyses.of water samples from Pahute Mesa (continued). From Blankennagel and Weir, 1973.
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Hole or well number: Designation assigned by U.S.  
Department of Energy.  

tocation: Nevada State Coordinate System Central 
Zone (feet).  

Hole Depth: Total depth drilled.  
Land-surface altitude: Altitude above National Geodetic Vertical Datum of 1929 at well, reported by Holmes & 

Narver, Inc., contractor to U.S. Department of Energy.  
Depth correction: Correction needed to adjust measured 

depth or aTtitude to true value because of hole 
deviation from vertical. The correction is computed 
for a depth approximately equal to the depth of the 
measured water level; this correction is obtained from 
a down-hole gyroscopic survey.  

Date measured: Date of a water-level measurement.

Interval: Depth interval of the hole represented by the water
level measurement. Composite levels represent mixed hydraulic 
heads of the entire interval between the water table or lower 
end of the casing and the bottom of the hole. Where a specific 
interval is indicated, the zone was isolated, using inflatable packers for the straddled interval during permeability testing, or using a single packer installed to determine hydraulic head differences above and below the packer.  

Depth to water: Depth based on direct measurements of water levels 
using down-hole wireline equipment, adjusted for depth correction (where available), except where noted.  

Altitude: Computed altitude of water level above National Geodetic 
Vertical Datum of 1929, based on land-surface altitude and measured depth to water (corrected).

Depth Water level (corrected)' Land-surface correc- Depth to Hole or Location (feet) Hole depth altitude tion Date Interval water Altitude well number Northas (meters) (meters) (meters) measured (meters) (meters) (meters) 
UE-25b#I 765,243 566,416 1220 1200.6 0.25 12/03/83 Composite 470.6 730.8 

08/01/83 471-1199 470.3 730.3 
do. 1199-1220 472.2 728.4 

UE-25c#1 757,095 569,680 914 1130.4 .06 11/07/83 Composite 400.3 730.1 UE-25p#I 756,171 571,485 1805 1114 .02 Feb. 1983 383- 500 383.9 729.9 
do. 500- 550 383.5 7 "0 
do. 739- 789 383.3 730.6 
do. 764- 834 383.1 730.8 
do. 834- 904 381.1 732.7 
do. 904- 974 382.2 731.7 
do. 974-1044 380.9 733.0 
do. 1044-1114 379.4 734.5 
do. 1110-1180 361.7 2752.2 
do. 1117-1301 360.5 2753.4 
do. 1180-1301 355.0 2758.9 

May 1983 1297-1308 362.0 751.9 
do. 1297-1338 362.3 751.6 
do. 1341-1381 362.3 751.6 
do. 1381-1420 362.4 751.5 
do. 1423-1463 362.5 751.4 
do. 1463-1509 362.4 751.5 
do. 1509-1585 362.5 751.4 
do. 1597-1643 362.7 751.2 
do. 1643-1689 360.0 750.9 
do. 1734-1780 363.1 750.8 
do. 1780-1805 363.0 750.9 

11/07/83 1297-1805 364.7 3749.2 

Water levels - Yucca Mountain. From Robison, 1984.
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Depth Water level (corrected)' 
Land-surface correc- Depth to-

Hole or Location (feet) Hole depth altitude tion Date Interval water Altitude 
well number North East (meters) (meters) (meters) measured (meters) (meters) (meters) 

USW G-I 770,500 561,000 1829 1325.5 0.67 03/23/82 Composite 571.7 753.8 
USW-G-2 778,824 560,504 1831 1554.0 .16 09/17/82 Composite 524.9 1029.1 USW G-3 752,780 558,483 1533 1480.2 .57 11/30/83 Composite 750.3 729.9 USW G-4 765,807 563,082 915 1269.6 1.53 04/27/83 Composite 539.5 730.1 USW H-1 770,254 562,388 1829 1302.8 .19 02/25/82 Composite 572.1 730.7 

11/01/83 572- 673 572.4 730.5 
do. 716- 765 572.4 730.5 
do. 1097-1123 571.7 731.2 
do. 1783-1814 518.2 784.7 USW "-3 756,542 558,452 1219 1483.3 .08 11/19/82 Composite 750.8 732.5 

11/03/83 751-1190 750.9 732.4 
do. 1190-1219 729.0 754.1 USW H-4 761,643 563,911 1219 1248.6 .45 12/30/82 Composite 518.7 730.1 

06/16/83 518-1181 518.2 730.8 
do. 1181-1219 518.1 730.9 USW H-5 766,634 558,909 1219 1478.5 0.08 12/22/83 Composite 704.2 774.3 

11/07/83 704-1091 703.8 774.7 
do. 1091-1219 703.8 774.7 USW H-6 763,299 554,075 1220 1301.7 .05 12/15/82 Composite 526.6 775.1 

10/24/83 526-1187 526.1 775.6 
do. 1187-1220 524.7 777.0 US WT-1 753,941 563,739 515 1201.7 .33 10/31/83 Composite 471.0 730.7 USW WT-2 760,661 561,924 628 1301.4 .53 11/01/83 Composite 571.0 730.4 

UE-25 WT#3 745,995 573,384 348 1029.8 .27 10/31/83 Composite 300.5 729.3 UE-25 WT14 768,512 568,040 482 1167.1 .46 11/01/83 Composite 438.9 728.2 UE-25 W1#6 780,576 567,524 383 1312.9 .24 10/31/83 Composite 283.9 1029.4 USW WT-7 755,570 553,891 491 1197.0 .03 10/24/83 Composite 421.2 775.9 USW WT-IO 748,771 553,302 430 1123.2 .03 10/24/83 Composite 347.7 775.5 usW WT-il 739,070 558,377 441 1094.4 .12 10/24/83 Composite 363.9 730.5 UE-25 W1112 739,726 567,011 399 1074.6 .20 10/31/83 Composite 345.4 729.2 
UE-25 WT#13 756,884 578,843 352 1031.8 .01 10/31/83 Composite 303.3 728.5 UE-25 WT#14 761,651 575,210 399 1076.1 .09 11/07/83 Composite 346.2 729.9 
UE-25 W1485 766,116 579,806 415 1082.8 .19 12/01/83 Composite 354.2 728.6 UE-25 WT#16 774,420 570,395 519 1210.5 .06 12/01/83 Composite 472.7 737.8 
UE-25 WT#17 748,420 566,212 443 1124.5 .48 11/07/83 Composite 394.6 729.9 J-11 740,968 611,764 405 1050 -- 03/22/73 Composite 317.4 732.6 
J-12 733,509 581,011 347 953.5 -- 12/05/83 Composite 226.2 727.3 J-13 749,209 579,651 1063 1011.3 -- 10/31/83 Composite 283.2 728.1 USW V1I-1 743.356 533,626 762 963.5 -- 02/12/81 Composite 184.2 779.3 USW VII-2 748,320 526,264 1219 974.4 -- 04/23/83 Composite 164.0 4810.4 

'Where more than one water-level altitude Is reported for a well, the value shown on the map is underscored in the table.  2 Water level probably not stabilized.  
lComposite of interval open to rocks of Paleozoic age.  
4Water level estimated from geophysical logs.  

Water levels - Yucca Mountain (continued). From Robison, 1984.
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Idealized changes of pore pressure with depth at Yucca Mountain.
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DISTRIBUTION OF HYDRAULIC TEMPORAL BEHAVIOR OF STATE OF CONDUCTING 
POTENTIAL AS A FUNCTION OF DEPTH HYDRAULIC POTENTIALS IN-SITU STRESS APERTURE

PORE PRESSURE p: TIME

L CONTEMPORAR 
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a\ 

\\ 

\\ 
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- 0

Schematic representation of depth-dependence of: a) pore pressure; b) temporal behavior of the hydraulic potentials; c) in situ stress state; and 
d) conducting aperture for a single borehole penetrating the deforming fractured medium.
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Map showing location of wells from which hydrographs shown on plates 4.2.4.4-6 through 4.2.4.4-21 were obtained.  

From Sass et al., 1987.  
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Hydrograph - Well USW WT-1. From Robison et al., 1988.
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USW WT-2 
Site ID: 365023116271801
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Hydrograph - Well USW WT-2. From Robison et al., 1988.
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UE-25 WT #3 
Site 0D: 364757116245801
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Hydrograph - Well UE-25 WT-3. From Robison et al., 1988.
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USW WT-11 
Site ID: 364649116280201
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Hydrograph - Well WT-11. From Robison et al., 1988.
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UE-25 WT #16 
Site ID: 365239116253401

UE-25 WT #16 
Ste ID: 3652391162534-01
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Hydrograph - Well UE-25 WT #16. From Robison et al., 1988.
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Hydrograph - Well UE-25 WT #17. From Robison et al., 1988.
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USW H-1 
Site ID: 365157116271205 
Interval: 573 - 673 Meters 
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Hydrograph - Well USW H-1. From Robison et al., 1988.
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Intwvct 716 - 765 Meteru
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Hydrograph - Well USW H-1. From Robison et al., 1988.
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USW H-3 
Ste D. 3649421162800o4 
I ntevc 752 - 1,1$4 meter

1984.

Hydrograph - Well USW H-3. From Robison et al., 1988.
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USW H-5 
Site U 365122116275502 
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Hydrograph - Well USW H-5. From Robison et al., 1988.
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USW G-3 
Ste D 364905116213C'01

1983 1984-

Hydrograph - Well USW G-3. From Robison et al., 1988.
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USW H-1 
Sit V. 3651571W71203 
Interval 1,097 - ,123 Moter
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Hydrograph - Well USW H-1. From Robison et al., 1988.
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Hydrograph - Well USW H-1. Robison et al., 1988.
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Site Q 36494116280005 
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Hydrograph - Well USW H-3. From Robison et al., 1988.
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UE-25p #1 
Site (: 364938116252102 
Interval: 1,297-1,805 Meters
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Hydrograph - Well UE-25p#1. From Robison et al., 1988.
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UE-25 w-T #6 
Site I: 36534.01162644601

1984 1985

Hydrograph - Well UE-25 WT #6. From Robison et al., 1988.
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USW 1-8 
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Hydrograph - Well USW H-6. From Robison et al., 1988.
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TEMPERATURE, -F 

135130

DEPTH 
IN 

FEET 

140 130
3800 

3900 

4000

TEMPERATURE, -F 

'35

a) May 4, 1983 b) June 23, 1983

Temperature logs obtained during and shortly after completion of borehole UE-25p#1 in the vicinity of fault 
contact between the Paleozoic carbonates and the tuff "pile". From Carr et al., 1986.
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[All units are milligrams per liter unless otherwise indicated]

Date of collection 02/09/83 
Depth interval (meters) 1/381-1,197 
Temperature (degrees Celsius) 44 
pH, field (units) 6.8 

pH, laboratory (units) 7.7 

Potassium (K) 5.6 

Calcium (Ca) 37 
Magnesium (Mg) 10 

Sodium (Na) 92 
Strontium (Sr, micrograms per liter) 180 

Lithium (Li, micrograms per liter) 230 

Chloride (Cl) 13 
Bicarbonate (HCO 3 ), field 330 
Fluoride (F) 3.4 

Sulfate (SO4 ) 38 
Silica (Si0 2 ) 49 

Specific conductance, laboratory 

(microsiemens per centimeter 

at 250 Celsius) 639 
Dissolved solids (sum) 418 

Tritium (picocuries per liter) 0+10 

Oxygen-18/oxygen-16 (6180)2_/ -13.5 
Deuterium/hydrogen (6 2 H)3_/ -106.0 

Carbon-13/carbon-12 (6 13C)4/ -4.2 
Carbon-14 (percent of modern standard) 3.40

05/12/83 

1,297-1,805 

56 

6.6 

7.2 

12 

100 

39 

150 

450 

590 

28 

710 

4.7 

160 

41

1,330 

878 

0+10 

-13.8 

-106.0 

-2.2 

2.31

I/Borehole-flow survey indicated that about 28 percent of pumping production 
was from below 1,197 meters; see borehole-flow survey section for explanation.  

2/Deviation of oxygen-18/oxygen-16 ratio of sample from standard mean ocean 
water-(SMOW) relative to SMOW, in parts per thousand.  

3/Deviation of deuterium/hydrogen ratio of sample from standard mean ocean 
water (SMOW) relative to SMOW, in parts per thousand.  

4/Deviation of carbon-13/carbon-12 ratio of sample from Peedee belemnite 
standard (PDB) relative to PDB, in parts per thousand.  

Comparison of the results of chemical analyses of water samples from the tuff "pile" and from the Paleozoic 
carbonates. From Craig and Johnson, 1984.
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DEPTH, IN METERS BELOW LAND SURFACE

C

Borehole temperature log - Well UE-25p#1. From Craig and Johnson, 1984.
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a) LOCATION MAP

-A 
Yucca Fault 14

b) POTENTIOMETRIC MAP

Location map and geohydrologic setting. Climax Stock. From Murray, 1981.
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L tress lldj1itu I lude .tdl(Idrd deviatiuni ISedr ily(j

(INli il'a

I lic I Ili t i oil 

f degrees dIJOVe 

turori ZolltdI 
- degrees below 

iori zolltd)i

Prrincipal stresses 

U, comtpress ioli) 

.S| (m.I~it~h) +11.56 _1.05 1. 560 [.  

S, (|intermediate) 17.1.1 0.81 HJ. 26° L.  

$3 (|inittul) +2.1'5 ±U.65 N. 420 W. -140 

Norm:lal stress components in X, Y, Z (east, north, vertical) coordinate systemi 

( , coi, essiotl) 

ox 0.64 ±0.61 Last Horizontal 

() y ±05 .o.111 North llorizontal 

CI 07.92 t±.b --- Vertical

Shear stress COlitIlenltS in X. Y, Z coordinate systewl 

t3.61 ±0.50 

- U. ±I' 0. 1'2 --

-2.211 +-U.S4 ---

Il'usitive or uIeative sign ol O~ silear Stress ,laldyitude iitdicdtes direction of Sihear 

sL,'t.•s with (It spec t to X, Y, Z Couordina12te Syste[ .  

State of in situ stress. South heater drift, STC-C. Climax Stock. From Ellis and Magner, 1982.
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Graphical representation of principal stresses. South heater drift. Climax Stock. From Ellis and Magner, 1982.
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Stress Illayuai tude Stdllddrdl deviationli Bedri ngj lad lndtion 

*degrees above~ 
hori zontal 

i'll'aMIa doijiees bel Iow 

Priiicipal stresses

S1 (Iilctxigium~)

(f*, comlpress ion) 

~jJ.92 

t9.07 

*4.20

tJornid]a stress comiponents in X , Y, Z (east, north, vertical ) coordinate systeim 

ftcomprelLss ion) 

" Ata.89 ±0. 76 Last llor izoe ta I 

" y 1.60 ±0. 76 Northt Horizontal 

" z f lo M 0.68 -- Vertical 

Shear stress comlponen'fts in x, Y, Z coordinate system1l

"I(. 6LJ 

ij.11l
xyl

+U. 44 

!0.56

I Positive or iieqdiiVe i sly oil Sl~edr st~reSS iwagnitude itidiClteS ai recLionl ol Shlldr 

S. WI, with retSiect L O X, Y , Z tuiurdi IIILe SyS tel~l.  

State of in situ stress. Hard hat tunnel. Climax Stock. From Ellis and Magner, 1982.
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al = 11.56 MPa =,1676psi 

U2 = 7.13 MPa = 1034psi 

a3 = 2.75 MPa = 399psi 

PORE PRESS -0 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

=' = 27.5 bars.

NOTE: OVERCORE MEASUREMENTS WERE 
MADE AT A DISTANCE OF 5.0 - 7.3 m 
AWAY FROM FREE-FACE.  
NOT RELIABLE - ZONE OF INFLUENCE 
OF THE OPENING.

2 
20

NORMAL STRESS - ,q 
[MPa]

Mohr representation of in situ stress. South heater drift, STC-C. Climax Stock.
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al = 13.92 MPa = 201 9psi 

a2 = 9.07 MPa = 1315psi 

a = = 4.28 MPa = 621psi 

PORE PRESS -0 

ROCK - QUARTZ MONZONITE 

DEPTH -260m

c% = 42.8 bars.

NOTE: OVERCORE MEASUREMENTS WERE 
MADE AT A DISTANCE OF 5.0 - 7.3 m 
AWAY FROM FREE-FACE.  
NOT RELIABLE - ZONE OF INFLUENCE 
OF THE OPENING.

-
I I 

10
I 

20
I 

30 

NORMAL STRESS - a-.f 
[MPaj

Mohr representation of in situ stress. Hard hat tunnel. Climax Stock.
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3SO 10 

340 20 

330 

soo 
32 

40 

310 

so 

3O'0 

w~; -°+ ...7-r-

+S 

r'T 

230' ,0 

140 

aol lea 

S 

Principal Stresses, psi 

Borehole 0 a A 
Combinations 0l a2 0 3 

ISS-8,9,10 1,795 1,081 714 
ISS-8,9,11 1,844 1,287 .557 
ISS-8,9,10,11 1,654 1,195 992 

Note: All stresses compressive 

Borehole ISS-8 includes all USBM gage 
tests beyond depth 60 ft.  

State of in situ stress (USBM gage). Spent fuel test facility. Boreholes ISS-8, 9, 10, and 11. Climax Stock. From 
Creveling et al., 1984.
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350 0 ' J50 

< ..• .  

. ...... .... .......... J- I 

4-\ 

\< . . . . . ,..-;\ 

* "-'.......--- -f-:-•.  

........ ...  

140 170 

S 
Principal Stresses, psil 

.'--8 Depth, .
Test No. ft 1 2 3 

13 67.8 1,263 1,058 649 
17 81.0 1,304 724 589 
21 96.7 903 577 397 
25 109.4 1,828 1,271 515 

State of in situ stress (CSIRO cell). Spent fuel test facility. Borehole ISS-8. Climax Stock. From Creveling et al., 
1984.

plate 4.2.5.2-8



.'0

N 
o

iO

34U~ 

2- • " - F4

* .... ,.  

' ..... . .. ... . '... ..... ...  
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%% 

.. . .. .. .. • -w -• . .... .- I : : - .  
S. . .. . . . . . .::A *• 

S.. . • •°'• I '" ',: t ": " .'. 4"." 

• • .,. , * . .. • . .  

_• , , . • . . . . .. .. ... . . .  
• °. .,i ... , 2: t.: .... . ._._ .  

• "-'".•" "• ° " .t- ."- . "-"A -:• "- ".7•.....V , 

40 6: 

i SLO 

•.' ,. . , ', . ',,, ... ,- ,, .: ; .' .00L:

20

30

40

50

-0 

, .s

E
p.. . ... + I: : : 

F ... / 

''2

o3

'40

1SO

.6

0

Principal Stresses, psi

ISS-9 Depth, 
Test No. ft

3 
5 
7 
9 

13

39.1 
42.6 
46.9 
50.5 
59.2

* U A l 2 A3 
____ a2  a3 

1,275 781 555 
925 591 394 

1,083 432 99 
1,178 841 673 
1,494 782 549

State of in situ stress (CSIRO cell). Spent fuel test facility. Borehole SS-9. Climax Stock. From Creveling et al..  
1984.
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'90

Principal Stresses, psi

a A 
C2 '3 

1,105 348 
1,697 585 
1,433 799 
1,273 693

State of in situ stress (CSIRO cell). Spent fuel test facility.  
al., 1984.

Borehole ISS-10. Climax Stock. From Creveling et

plate 4.2.5.2-10

5 
350 0

10

S210 .DE 

100

"70
ISO

ISS-1O 
Test No.  

2 
4 
6 
9

Depth, 
ft 

64.4 
67.8 
73.1 
80.4

1,670 
2,773 
1,772 
1,658



260

350

N 
0

to

so 

soE 

.10

taO
,IO 

S

170

Principal Stresses, psi

ISS-11 
Test No.  

4 
6 
9 
11 
13

Depth, 
ft 

70.6 
75.5 
84.3 
89.4 
94.5

al 

1 ,020 
1,651 
2,228 
2,080 
2,668

02 

863 
1,357 
1,448 
1,234 
1,118

A 
03 

586 
956 

1 ,320 
939 
708

State of in situ stress (CSIRO cell). Spent fuel test facility. Borehole ISS-11. Climax Stock. From Creveling et 
al., 1984
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o"I = 1795 psi = 12.37 MPa 

a2 = 1081 psi = 7.45 MPa 

o3 = 714 psi. = 4.92 MPa 

PORE PRESS - 0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE

Dr, = 49 bars.

NOTE: THE THREE-DIMENSIONAL IN-SITU STRESS 
SOLUTION SHOWN IS BASED ON STRAIN
RELIEF MEASUREMENTS OF THE "SECONDARY 
PRINCIPAL STRESSES" IN THREE SEPARATE 
BOREHOLES. THE CSIRO MEASUREMENTS 
INDICATE A VERY LARGE VARIABILITY OF THE 
IN-SITU STRESSES IN THE CLIMAX STOCK 
SOLUTION NOT RELIABLE - DO NOT USE.  Oi °

I -I 
1000 2000 3000 

NORMAL STRESS - a,,f 

[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Boreholes ISS-8, 9, 10, borehole depth > 60 feet. Climax Stock.
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aor = 1844 psi = 12.7 MPa 

a 2  = 1287 psi = 8.9 MPa 

a'3  = 577 psi = 3.8 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE

hO

or$

er = 38 bars.

NOTE: THE THREE-DIMENSIONAL IN-SITU STRESS 
SOLUTION SHOWN IS BASED ON STRAIN
RELIEF MEASUREMENTS OF THE "SECONDARY 
PRINCIPAL STRESSES" IN THREE SEPARATE 
BOREHOLES. THE CSIRO MEASUREMENTS 
INDICATE A VERY LARGE VARIABILITY OF THE 
IN-SITU STRESSES IN THE CLIMAX STOCK 
SOLUTION NOT RELIABLE - DO NOT USE.

I<aa'2

2000 3000 

NORMAL STRESS - orn! 

[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Boreholes ISS-8, 9, 10, borehole depth > 60 feet. Climax Stock.
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orl = 1654 psi = 11.4 MPa 

f"2 = 1195 psi = 8.2 MPa 

013 = 992 psi = 6.8 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE

0.c = 68 bars.

0

NOTE: THE THREE-DIMENSIONAL IN-SITU STRESS 
SOLUTION SHOWN IS BASED ON STRAIN
RELIEF MEASUREMENTS OF THE "SECONDARY 
PRINCIPAL STRESSES" IN THREE SEPARATE 
BOREHOLES. THE CSIRO MEASUREMENTS 
INDICATE A VERY LARGE VARIABILITY OF THE 
IN-SITU STRESSES IN THE CLIMAX STOCK 
SOLUTION NOT RELIABLE - DO NOT USE.  

01

1000 2000

0 
3000

NORMAL STRESS - o-] 
[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Boreholes ISS-8, 9, 10, borehole depth > 60 feet. Climax Stock.
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&I = 1263 psi = 8.7 MPa 

a-2 = 1058 psi = 7.3 MPa 

or. = 649 psi = 4.5 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

ar = 45 bars.

O�j

1000 2000 3000

NORMAL STRESS - a-n1 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-8, Borehole depth 67.8 feet. Climax Stock.
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al = 1304 psi = 9 MPa 

a2 = 724 psi = 5 MPa 

0"3 = 589 psi = 4.1 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

a, = 41 bars.

01I

1000

A 

30002000

NORMAL STRESS - a0, 
[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-8, borehole depth 81 feet. Climax Stock.
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o'j = 903 psi = 6.2 MPa 

0r2 = 577 psi = 4.0 MPa 

u3  = 397 psi = 2.7 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH - 418m

cc = 27 bars.

/

01
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1000

0 
2000

0 
3000

NORMAL STRESS - a,,! 
[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-8, borehole depth 96.7 feet. Climax Stock.
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a, = 1828 psi = 12.6 MPa 

0,2 = 1271 psi = 8.8 MPa 

o,3 = 515 psi = 3.6 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

ar = 36 bars.

al

0 1000 2000 3000

NORMAL STRESS - a,,1 
[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-8, borehole depth 109.4 feet. Climax Stock.
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=2 = 1275 psi = 8.8 MPa 

C2 = 781 psi = 5.4 MPa 

0r = 555 psi = 3.8 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

o'c = 38 bars.

0j

1000

0 
2000

3 
3000

NORMAL STRESS 
[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-9, borehole depth 39.1 feet. Climax Stock.
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01  = 925 psi = 6.4 MPa 

G2 = 591 psi = 4.1 MPa 

03 = 394 psi = 2.7 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

/
:no

o*i

- I 

1000

NORMAL STRESS - -,,f 

[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-9, borehole depth 42.6 feet. Climax Stock.
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-r = 1083 psi 

a2 = 432 psi 

03 = 99 psi 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

NOTE: QUESTIONABLE DATA - DO NOT USE 
DEPTH -418m 

1000 
S/, •5 =300 

-=450 

(I.IJ 

w 

0 

0 1000 2000 3000 

NORMAL STRESS 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-9, borehole depth 46.9 feet. Climax Stock.
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al = 1178 psi = 8.1 MPa 

a2 = 841 psi = 5.8 MPa 

03 = 673 psi = 4.6 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

ar = 46 bars.

0

Cl

1000 2000 3000

NORMAL STRESS 
[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-9, borehole depth 50.5 feet. Climax Stock.
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or, = 1494 psi = 10.3 MPa 

02 = 7 8 2 psi = 5.4 MPa 

G3 = 549 psi = 3.8 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -418m

a' = 38 bars.

al

0 1000 2000 3000

NORMAL STRESS - a,,! 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-9, borehole depth 59.2 feet. Climax Stock.
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al = 1670 psi = 11.5 MPQ 

a2 = 1105 psi = 7.6 MPQ 

a3  = 348 psi = 2.4 MPQ 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -403.99m

a, = 24 bars.

0"1

1000 2000 3000

NORMAL STRESS - ar! 
[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-10, borehole depth 64.4 feet. Climax Stock.
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a0 = 2773 psi = 19.1 MPa 

0"2 = 1697 psi = 11.7 MPa 

G 3  = 585 psi = 4.0 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -403.38m

01 = 40 bars.

0 1000 2000 3000

NORMAL STRESS- -. ! 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-lO, borehole depth 67.8 feet. Climax Stock.
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al = 1772 psi = 12.2 MPa 

a2 = 1433 psi = 9.9 MPa 

03 = 799 psi = 5.5 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -402.10m

1000 

u.u 
Vj) 

in 

w

w a 

"(A

0

0

0' 2

a,: = 55 bars.

0

I
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1000

0"1

0 
2000

3 
3000

NORMAL STRESS - 0nf 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-lO, borehole depth 73.1 feet. Climax Stock.
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r/

0

0
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or = 1658 psi = 11.4 MPa 

a2 = 1273 psi = 8.8 MPa 

a3 = 693 psi = 4.8 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -400.7m

I

ac = 48 bars.

C2 01

I 
1000

I 
2000

0 
3000

NORMAL STRESS - a,,f 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-IO, borehole depth 80.4 feet. Climax Stock.
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C

or1 = 1020 psi = 7.0 MPa 

a 2 = 863 psi = 6.0 MPa 

0a = 586 psi = 4.1 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -433.23m

a"1

1000

NORMAL STRESS - an! 
[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-11, borehole depth 70.6 feet. Climax Stock.
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01 = 1651 psi = 11.4 MPa 

a2 = 1357 psi = 9.4 MPa 

a6 = 956 psi = 6.6 MPa 

PORE PRESS -0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -434.3m

-1000 

uj) 

0

0

• ~0, 

002

I 
1000 2000

NORMAL STRESS - ar.f, 
[MPa]

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-11, borehole depth 75.5 feet. Climax Stock.
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al = 2228 psi = 15.4 MPa 

a2 = 1448 psi = 10.0 MPa 

a3 = 1320 psi = 9.1 MPa 

PORE PRESS - 0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH - 436.28m

u, = 91 bars.

al

0 1000 2000 3000

NORMAL STRESS - an! 
[MPa] 

Mohr. representation of in situ .stress. Spent fuel test facility. Borehole ISS-11, borehole depth 84.3 feet. Climax Stock.
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or' = 2080 psi = 14.3 MPa 

a 2  = 1234 psi = 8.5 MPa 

03 = 939 psi = 6.5 MPa 

PORE PRESS - 0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -437.19m

0 1000 2000

NORMAL STRESS a1 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole ISS-11, borehole depth 89.4 feet. Climax Stock.
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a -= 2668 psi = 18.4 MPa 

('2  = 1118 psi = 7.7 MPa 

o3 = 708 psi = 4.9 MPa 

PORE PRESS - 0 (VADOSE ZONE) 

ROCK - QUARTZ MONZONITE 

DEPTH -438.41m

a, = 49 bars.

1000 2000 3000

NORMAL STRESS - arn! 

[MPa] 

Mohr representation of in situ stress. Spent fuel test facility. Borehole 15S-11, borehole depth 94.5 feet. Climax Stock.
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CLOSURE PRESS 
[bars]

100

LE\ LE LE 

/°8 0
0 0 

•, LE
c c9 

EXPLANATION: 

o - aý BASED ON OVERCORING 

LE/ 

o- LIMIT EQUILIBRIUM

PORE PRESS - p

NOTE: 

LIMIT EQUILIBRIUM IN-SITU STRESS CONDITIONS 
lATER TABLE OCCUR FOR WIDE RANGE OF CLOSURE PRESSURE 

(a, - 24-49 bars). IT IS LIKELY THAT, WITH 
EXCEPTION OF BOREHOLE ISS-1o AT 404m, THESE 
CONDITIONS ARE CAUSED BY "REMNANT' .STRESS 
CONCENTRATIONS IN ROCKS WITH VERY HIGH STIFFENESS 

"UNDERPRESSURE"; Ap = 43m, MURRAY (1981).

HYDROLOGIC SETTING

State of in situ stress. Summary. Climax Stock.
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ISS-8 418 45 nLE 

-8 418 41 nLE 

-8 418 27 nLE 

-8 418 36 LE 

ISS-9 418 38 nLE 

-9 418 27 nLE 

-9 418 46 nLE 

-9 418 38 nLE 

ISS-10 404 24 LE 

-10 403.4 40 LE 

-10 402.1 55 nLE 

-10 400.7 48 nLE 

ISS-11 433.2 41 nLE 

-11 434.3 66 nLE 

-11 436.3 91 nLE 

-11 437.2 65 nLE 

- 11 438.4 49 LE
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