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TRANSIENT OR NON-EQUILIBRIUM FLOW

STEADY STATE FLOW

GOVERNING EQUATION

CONTINUITY EQUATION.

LAW RELATING VELOCITY VECTOR
TO THE GRADIENT OF HYDRAULIC
POTENTIAL.

BQUNDARY CONDITIONS

DIRICHLET CONDITIONS;
NEUMANN CONDITIONS; AND
"MIXED CONDITIONS.

INITIAL CONDITIONS

SET OF HYDRAULIC POTENTIAL
VALUES AT THE ONSET OF
NON-EQUILIBRIUM FLOW.

Mathematical model of "simple” groundwater system.
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CONTINUITY EQUATION

o 8q 8q; —
w Tt tE =0
DARCY'S LAW
t==-K&: ¢=-K@; ¢.=-K&

LAPLACE'S EQUATION

Laplace’s equation.
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CONTINUITY EQUATION

|52 Oq, 8q, __ o1
S+ Bt + 5 = Ry, - O3

DARCY'S LAW

ge=—-K2; ¢, =-KZ; q.=-KZ

POISSON'S EQUATION

h ’h *ho _ —~1.
G+ 5+ 5 = Reya T hior

Vih = _R(::.y,z) B

Poisson’s equation.
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CONTINUITY EQUATION

%.!:.._%4_29;:}2

-1 —16h
By 8z (zy,3,t) Az7P =5 Az Bt

DARCY'S LAW

9= -K8; gq,=-K%; ¢ =-KZ

TRANSIENT FLOW EQUATION

3 3 3 -
S+ E =S TR Ry T hor

Vh=S8 -T7'% - Reypy  T71

Transient flow equation.

plate 2.2.-4



AV = AzAyAz - VOLUME;

82 Ay - NET CHANGE IN THE DISCHARGE RATE IN 2 DIRECTION;
x>
%"-; AV - NET CHANGE IN THE DISCHARGE RATE IN y DIRECTION;
8. AV - NET GHANGE IN THE DISCHARGE RATE IN z DIRECTION;
Rizyz - VOLUME OF WATER ADDED PER UNIT TIME PER UNIT
AQUIFER VOLUME TO THE INFINITESIMAL VOLUME ARCUND
APOINT Pl .y '
-AVw
§=-—2"""_ _ STORATIVITY, REPRESENTS VOLUME OF WATER RELEASED
AzAyAh FROM STORAGE PER UNIT AREA OF AQUIFER PER UNIT

DECLINE IN HEAD;

aVw — _s8hAzAy - RATE OF FLUID RELEASE FROM STORAGE;

T - TRANSMISSIVITY.

Explanation of mathematical notations.
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LAPLACE'S EQUATION

POISSON’S EQUATION

TRANSIENT FLOW EQUATION

E(T2)+ 2 (ML) + £ (T L) =52 - Ry

Flow equations written in a form allowing for consideration of aquifer heterogeneity and anisotropy.
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OBSERVATIONS, MEASUREMENTS,
AND RELATED JUDGEMENTS

VALIDATION

i v

¥

CONCEPTUAL
MODEL

4

VERIFICATION

MATHEMATICAL MODELS

e GOVERNING EQUATIONS
o BOUNDARY CONDITIONS
o INITIAL CONDITIONS

i

REGULATORY COMPLIANCE
e 10 CFR 60
e 10 CFR 960
e 40 CFR 191

Role of mathematical and conceptual models.
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CONCEPTUAL MODEL OF CONCEPTUAL MODEL OF
FLUID FLOW IN THE e FLUID FLOW IN THE

SATURATED ZONE VADOSE ZONE

! f

CONCEPTUAL MODEL
OF A GEOLOGICAL
SYSTEM
\J Y
CONCEPTUAL MODEL OF CONCEPTUAL MODEL
HEAT FLOW IN THE A OF HEAT FLOW IN
SATURATED ZONE THE VADOSE ZONE

NOTE: CONCEPTUAL MODEL OF A SUBSYSTEM
MUST NOT BE TREATED IN ISOLATION
FROM THE GEOLOGICAL SYSTEM OF
WHICH IT IS ONLY A PART.

Interdependence of conceptual models.
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FIELD OBSERVATIONS,
MEASUREMENTS AND g
RELATED JUDGMENTS

bl

CHARACTERISTICS OF
THE FLOW FIELD

Pl

CONCEPTUAL
ALTERNATIVES

CONCEPTUAL
MODEL

Conceptual model of a groundwater system.
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e

DEMONSTRATION
OF REGULATORY
COMPLIANCE

IN SITU TESTS
AND PERFORMANCE
ASSESSMENT ANALYSES

REGULATORY COMPLIANCE
STRATEGIES AND
PERFORMANCE ALLOCATION
PROCESS

— — — —— — — — —— — — — — — — — — — — — —— — —— — — ——

EVENTS

MATHEMATICAL
MODELS, ANTICIPATED
PROCESSES AND

CONCEPTUAL
MODELS

Importance of conceptual models.

SUPERSTRUCTURE

FOUNDATION
OR
INFRASTRUCTURE
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CALIFORNIA NEVADA
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Y ////%/// GREAT BASIN
San //
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Los
Angeles

APPROXIMATE LOCATION OF THE
DEATH VALLEY GROUNDWATER SYSTEM

APPROXIMATE LOCATION OF THE
YUCCA MOUNTAIN GROUNDWATER SYSTEM

Location of the Death Valley groundwater system within the Great Basin.
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ESTIMATED P, VELOCITY
{km/sec)

Estimated P-wave velocity in the upper mantle of the continental United States, based on deep seismic soundings,
nuclear explosions, and earthquakes. From E. Herrin, 1969.
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Schematic representation of conceptual understanding of tectonophysical character of the Great Basin, based on Scholz et al., 1971. From Semken , 1984,
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Numerical analysis of a process of upwelling of asthenospheric materials into the lithosphere for the Rio Grande
Rift. From Bridwell and Potzick, 1981.
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Failure - surface trajectory diagram for the upper crust overlying convective system in the upper mantie. From
Spencer and Chase, 1989,
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TOP NORMAL STRESS

N/b=2.0

BASE NORMAL STRESS

Km
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Contour diagram of shear stress magnitude in units of maximum base normal stress. Upper crust overlying convective system in the upper mantle.
From Spencer and Chase, 1989.
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Idealization of the conceptual linkage between an extension dominated tectonic environment and a groundwater
S~ system operating in the upper crust.
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COMBINED GRIFFITH-NAVIER-COULOMB
ENVELOPE OF FAILURE

A

-

SHEAR STRESS

. L 7 o
f=— MEAN STRESS & (o7 + 03)~4 NORMAL OR
: PRINGIPAL STRESS
A) IN-SITU STRESS CONFIGURATION OUTSIDE THE ZONE OF
"AN-ELASTIC" DEFORMATION.
STRESS DIFFERENCE
|<———-— oy — 03 -——'
I
SHEAR STRESS :
[+4] 51
- - s e
NORMAL OR
PRINCIPAL STRESS

B) IN-SITU STRESS CONFIGURATION WITHIN THE ZONE OF
“"AN-ELASTIC" DEFORMATION.

A

r

SHEAR STRESS

"SINGULAR" POINT "ISOTROPIC" POINT

o1 o3 (£}

-
NORMAL OR

C) IN-SITU STRESS CONFIGURATION NEAR THE EDGES OF PRINCIPAL STRESS

THE ZONE OF "AN-ELASTIC" DEFORMATION.

In situ stress states around a deforming fracture.
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CONDUCTING
APERTURE

~
~
T o~ RELATIONSHIP FOR UNSHEARED FRACTURES

Qres . ) !

l .
Oec Onteff
NORMAL EFFECTIVE STRESS
Qeon = Gpes + Gn + ad
agq = f[Ka; (uo - unp)]
an =7-f(KaiOngess)
r=1if0 < Onpefs < e
otherwise
EXPLANATION:

r=0 acon - FRACTURE CONDUCTING APERTURE;

ares - RESIDUAL APERTURE;
an - NORMAL DILATION COMPONENT OF
CONDUCTING APERTURE
ad - SHEAR DILATION COMPONENT OF
CONDUCTING APERTURE;
U, — u,p - POST-PEAK SHEAR DISPLACEMENT; AND
K, K, - COMPLIANCES

Conceptual model of conducting aperture of fractures. Modified from Harper and Last, 1987.
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INCREASING TIME
Qeon ) ¢
INCREASING DEPTH AND o,
——
Qres |w==veccccccana r {
: UCC ' aiﬂ
| H >
Ontett

NORMAL EFFECTIVE STRESS

A (LIMIT FOR acon,,,

a =S
e © Qeongey = S(t)
(area = Sres
j -------------- AT TIME t; Onfest = Ccc
"
-
TIME —t
\ ( LIMIT FOR K,
Kf(e) ...........................
( Kfru
—s e —emwmeam AT TIME t; Onfeft = Oce
[]
E
- : »>
TIME —t
DEPTH TO THE
SURFACE Z(c,y,t)
AT TIME ¢, Onfetf = Tcc
AT THE GROUND SURFACE
.
to TIME —t

Relationships between time and hydraulic properties for decreasing Onfetf..
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INCREASING TIME

D —— g
A
[
T Thes, DEPTH4 _ a
z Z
: T
2 e ; DEPTH3 N
/ s 3
: : 0
L 5 : DEPTH2 2
: : : <
: : . 17}
: : o
: i DEPTH1 \ s
&— T;az = C + tan¢ . a:feff
i : Use)
SHEAR DISPLACEMENT
' INCREASING TIME
—en i
A | DEPTH 1
ad,q,

INCREASING DEPTH AND 0y

limit Upg = f ["nfe.ff; (u, — usp)]

Usy)

SHEAR DISPLACEMENT

idealized joint response during shear displacement. Modified from Harper and Last, 1987.
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fimit Ugg

Qeongey = Sit) +
DEPTH 1
DEPTH 2
DEPTH 3
DEPTH 4

(S ST £

\

ol
«
o
>
T ] sl Ladad

Qres N

TIME —t

15} t2

DEPTH 1 AT TIME t,,, AT DEPTH n,

o}

7 N
TF = T

q
1
| DEPTH 2
[}
1
' DEPTH 3
[
[}
! DEPTH 4
/
|
Kfrea ! = -
b B ts ts TIME —t
(.t :
DEPTH TO THE SURFACE |m=m=mm e e e ' AT TIME t,, AT THE
Zizy) Zewen ' GROUND SURFACE,
o o 0 e s e e . : Tt = Tmae. |
! |
X : ;
H '
! ]
! ]
: H -
& t ts TIME —¢

INCREASING TIME

-
DEPTH TO THE SURFACE Z. 4 )

Relationships between time and hydraulic properties for increasing ;.
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NO FAILURE SHEAR FAILURE PURE TENSILE FAILURE

* INCREASING y; ¢ T} = Tmae ; «3(o1+03)—0;
* DECREASING Onpi | *Us — Ugp > 0; and o {07 — o3)—0
* U — Uy < 0. * Uy — Uy = f(2) "SINGULAR" POINT
S i | ooy = e+ |
E H 1 ' +n !
< 1 | 1 1
o ‘ 1 ) -y
e ] ) i
) Sfm : : !
L ) ] !
g | ' |
P ' 1 |
g | | |
z | ' '
] ! 1
| | ]
1 ] ]
] | ]
| _ 1 ]
Geon = Gpes = const. g~ Fcone) = Gres ¥ 0dgy | i
1 |
G . : ,
] 1 ]
18 | u
' H ’:
' : ' TIME H
[} ]
Eo | : :
E : acon(g) = Qpes + ad(t) '
U [} + an ]
8 & “ | i
S &y ' !
o) ' 1
) ' !
O ] H
=) ' '
= ! !
: | :
z b teong, = |
cony = Gres + Qd,, } =
w
5 Qeon = Gres = const. \l E :
U { ! :
2 ! ' |
w t |
[ ] 1
] ) )
| ' !
! —»
TIME

Time-dependence of Sy and K; around a segment of a deforming fracture at a const. depth.
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Z {z,u.t) +

BELOW THIS DEPTH:
Qdy, t @ng,y = 0
AND

Gcon = Qres

TIME

A

Gdgy, + Ony,y

TOTAL ENHANCEMENT
OF acon

INCREASING TIME

[]
.(- Z(“dh%)

' -
DEPTH

Time-dependence of vertical extent of a segment of a deforming fracture and time-dependence of the total
enhancement of the conducting aperture.
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TECTONIC CYCLE

n—1 n n+1
]

. ! CHARACTERISTIC EARTHQUAKE
. AND WALLROCK
T A ‘I(/‘ SEPARATION
SHEAR |
STRESS

U .

i “LIMIT EQUILIBRIUM”

t

]

]
-~ ] !
' ' |
: ' |
' H l
' | :
- . + -t

[] M

} A) CHANGE IN STRESS CONDITION AT POINT Pz g ) :
! DURING THREE CYCLES OF TECTGNIC DEFORMATION. 1
1 []
. ]
_ Kf(e) ‘ :
HYDRAULIC '
CONDUCTIVITY !
'
[]
]
]
[]
[
]
]
]
1
]
1}

--—-

Y.

TIME

B) CHANGE IN HYDRAULIC CONDUCTIVITY AT POINT P, .y DURING
THREE CYCLES OF TECTONIC DEFORMATION

Schematic representation of changes in: a) the in situ stress conditions; and b) the hydraulic conductivity structure,

occurring near the ground surface in a cyclically deforming fractured medium.
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NO FLUID FLUX OR CONST. HEAD BOUNDARY

S

N

POSITION OF WATER TABLE AT TIME ¢,
WHEN Zigz,) — 0.

POSITION OF WATER TABLE AT

S
=
3
H
&
+
Q
>

TIME t; WHEN Z(,) >> 0.

1
1
1
i

A T ,/"

j Kfm”) # const. ,’

/1 Z(z,t) .

A : 5402y F coOnst. /

A ' ,’

S whmbabadebakbed ) - 1 ,/

y S~ 7’

A < e

A o R

g X \— FLUID FLOW R,

/1 f(z st} T const

A FLOW MECHANISM - FRACTURE FLOW

; Sto.a.e) = CONSE

/ NO FLUID FLUX BOUNDARY

/]

/ {

[o; 7] = £(2). K4, # const.
Z(z,t) = f[os 7)) St 100y F CONSL,

Kfenn = flo:7])

Stenn = flloiT])

Conceptual model of groundwater flow in a deforming fractured medium.

PPV 7 7777 77 7777 77777

NO FLUID FLUX OR CONST. HEAD BOUNDARY
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to - START OF TECTONIC DEFORMATION

PORE PRESSURE —p

t VADOSE ZONE
D eq) ( WATER TABLE AT TIME ¢,

l r—

AT TIME to, AT DEPTH Z(, .,y = 0 AND BELOW:

Onfeftiegy = Tc

SATURATED ZONE
: AND/OR

Tfitg) < Tmaz

/ p=f(2)

DEPTH

Geonyy,, = Gres. = CONST.

Z .. oSZ
5% = 532

UZ _. SZ
Koy = Kizo)

K. =K,

Deforming fractured medium - idealized history of changes in hydraulic potential.
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t; - EARLY STAGES OF TECTONIC DEFORMATION

PORE PRESSURE —p

————— ‘r——-———— ——

VADOSE ZONE

(- WATER TABLE AT TIME ¢,

SATURATED ZONE

/p—_‘ f(z)

DEPTH

AT TIME ¢, BELOW DEPTH Z(,,)

Onfeffie,) = Cc

AND/OR

Tj“’) < Trmacz

ABOVE DEPTH Z(,.,,)

BELOW DEPTH Z.,,)

acon(,,“ = Gres + an“l) + ad(g’)

UZ . QUZ UZ
S(tx) - S(‘O) + AS(‘:)

KQS = KRS + aK{S

K, # K,

Qeonn = Greg = CONST.

SZ __ oSZ
Sten) = S(eo)

SZ _ SZ
Ky = Kieg)
K.=K,

Deforming fractured medium - idealized history of changes in hydraulic potential.
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t; - ADVANCED STAGES OF TECTONIC DEFORMATION

. PORE PRESSURE —p
1 | Iy -
dw(‘x)
dw(tzl
Z(a,t2) WATER TABLE AT TIME ¢,
¥ V‘L
AT TIME t, BELOW DEPTH Z,,.;:
= f(z)
ZONE | p(s Tnpeftie,) > Oc
DEPTH AND/OR
Ap(s) THezy < Tmaz
\. ZONE I P(z) + AP(z)
r
e e e —— —— —-T ————— —-‘ ————— — e—
z {' \ .
\

ZONE Il pz) + Aprmaz

ABOVE DEPTH Z, .

BELOW DEPTH Z,,,,

zZ _ V-4 Zz Zz
S(L‘{:) - Sgo) + AS{{‘) + Asg:)

SZ __ oSZ SZ SZ
S@s) = S(ee) + A5, + ASE;)

UZ _ pUZ Uz UZ
Kf(t:) - Kf(eo) + AKf(m + AK!(::)

8z _ $Z sz SZ
Kf(tz) - K-f(:oa + AKf(en + AKJ’(::)

K, # Ky

FRACTURE FLOW

SZ _ oSZ
Stea) = Siea)

SZ __ SZ
Kies) = Kizg)
K, =K,

Deforming fractured medium-idealized history of changes in hydraulic potential.
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DEPTH

ts - END OF THE TECTONIC CYCLE

PORE PRESSURE - p

A ) ) o A
1 dw“” w— WATER TABLE AT TIME t3..
d‘”“o)
w— WATER TABLE AT TIME ¢, AND ¢,
dw(ta)
l:—____ A w—— WATER TABLE AT TIME ¢,
\ _ .
\
\\
\\\ AT TIME ts AT DEPTH Z..,) AND BELOW:
\\:\\\\ Tntefties > Ce
\ ~ AND/OR
\
\\ \\ Thiegy < Tmaz

AT DEPTH Z..,) AND BELOW

Geon(e,) = Gres

Z — Z UZ
sgs) - Sgo) < S(t:)

SZ . Q52 SZ
S(‘s) - S(to) < S(tz)

UvZ Uz UZ
Kf(ts) - Kfuo) Kf(:;)

S$Z . SZ SZ
Kf(c,) - Rf(¢°)+ < Kf(e,)

POROUS OR EQUIVALENT FLOW

Deforming fractured medium-idealized history of changes in hydraulic potential.
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d'wtzo] dw(tn)
'/ REFERENCE ELEVATION

ELEVATION

VADOSE ZONE

to i tz i3 TIME

Note: The drawing is diagramatic - no relationship between initial thickness of the vadose zone and magnitude

of tectonic lowering of the water table is implied.

Idealized history of the position of the water table for a single point P, 4.
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(LAND SURFACE

[WATER TABLE AT TIME ¢,

R

/,A,-- DEPTH Z,,

-

—— ——

4

[WATER TABLE AT TIME t,

(a)

x

(- LAND SURFACE

:WATER TABLE AT TIME ¢,

N

[WATER TABLE AT TIME t,

{LAND SURFACE

[WATER TABLE AT TIME ¢,

-

\  J Y

e

—

[WATER TABLE AT TIME ¢,

—
-
—
—

\- DEPTH Z(,)

i

»

Non-homogeneous strain-its relationship to configuration of the water table.
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y t

"R WHERE: REFERENCE POINT R POINT P,

¢ FAULT. n- S&.y)/g(i:.y) = | »? >
; 3
- (-4 mn
3 . . 3 . - (KJ(UtV) /Kf("»ll))
§ ‘ lepTH| DFnas
. \
o T-— FLOW DIRECTION. . v »X oeeTHi

A) PLAN. _ B) SECTION.

z .
| ARE = DPmas, ) — ApE

(=, max*

maxAh!T = AR® . S§%/S,
o — e (z,y) a, ?
max Ah(x'y) = max Ahfz’yﬁ maxAh(x,y) Y (=,y)

§e/§™" ~ RATIO OF AVERAGE AMOUNT OF FLUID IN
STORAGE IN "STRAINED" STATE TO AVER-
AGE AMOUNT OF FLUID IN STORAGE IN

WHERE: "UNSTRAINED” STATE;
maxAhz;’y) —  MAX. POTENTlAL RISE OF WATER TABLE AT Pay); S"/Sf" = 1/K“,’/K"";
maxAh‘(’;”y) — "OVERPRESSURE” COMPONENT OF THE TOTAL RISE; K¢ - AVERAGE VALUE OF HYDRAULIC CONDUCTIVITY
' IN "STRAINED" STATE;
maxAh‘(’:’y) =  Apmaz,,-
Ki» — AVERAGE VALUE OF HYDRAULIC CONDUCTIVITY
ar . f
maxAh(z,y) — STORAGE RELEASE COMPONENT OF THE TOTAL RISE; IN "UNSTRAINED" STATE.

Maximum rise of the water table at point Pz ,) caused by change in the in situ stress conditions.
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Repeated temperature profiles from Well UE-25a7. From Sass et al., 1983.
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APPROXIMATE LOCATION
OF THE YUCCA MOUNTAIN
GROUNDWATER SYSTEM

QD DEATH VALLEY
PANCAKE RANGE
Qo VOLCANIC ZONE

e \\ ° SWHM o - \\

o S N ™\
BISHOP \ P
|
[
ird. S Q 9& |
1K ' / l

\

e o !
APPROXIMATE LOCATION ————»“ - 7. ,l
OF THE DEATH VALLEY : 'R NEVADA TEST SITE

/

GROUNDWATER SYSTEM \ ’ ,

36°

0 25 50 75 100Km

e " e

Explanation: SWM: Stonewall: BM: Black Mountain; TM-OV: Timber Mountain-Oasis Valley caldera compiex:
YM: Yucca Mountain exploration block: LV: Long Valley: DV: Death Valley: and CR: Coso Range. Black-shaded
areas are volcanic rocks of the DV-PR volcanic zone: light-shaded areas are part of the western Cordillera rift

zone.

Generalized geologic map of the Death Valley Pancake Range Volcanic Zone and of the Death Valley groundwater
system. From Crowe et al., 1986.
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16°30'
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CRATER
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LINCOLN

i N
KILOMETERS

Location of seismic monitoring stations used for detailed analyses of the P-wave residuals. From Monfort and

Evans, 1982.
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O-15km

38°30

]

—a" -
» = 7 N
* o
v » >
2 ,Ll
™
s .
\ ] 57 o]
CJ ~
» p
] LAS VEGAS
l/
\
9N
(=] NN
/'o,\oc \\"
““ s
\ \ 35°36°
118%°00 0 50 . 100 114°30’
KILOMETERS
EXPLANATION:

e ZERO VELOCITY PERTURBATION IS THE
MEAN LAYER VELOCITY

e VELOCITY PERTURBATIONS ARE IN PERCENTS

e POSITIVE VELOCITY PERTURBATIONS ARE
RELATIVE HIGH VELOCITIES

Seismic velocity structure of the upper crust from teleseismic P-wave residuals for the region of Death Valley
groundwater system. From Monfort and Evans, 1982,
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Mode!l nov9b  Layer 2 15 -3 km

T

-0l [-2.95 -.45
.37 .38 .33
\\sz. 62 L= = 66 ¢
. N jb . ‘
519 430 | 119 2.38 |\ -.60 o5f]-240] -3.55 78
.34 49 15 .65 .61 .59 66 64 29
L457 .71 .58 .68 .73/ 73\ .76 .68 T4,
-.50\ 3.08 .40 ﬂ?ﬁ .88 Y-1.76 a3\| -1.17 -.91
54 63 .o;/ ( 70 70 50
.70 67 X .72 .63 72
-2.54 80 -1.85 | -2.75
.54 73 .53 .55
.72 .61 .73 69
23
/ 64 N\
) L_— NTS BOUNDARY
.67
57 49 .|7\»--."ts\-\"_; .80 2.07 79
.48 .70 79 \.eo 72 2 29
T X4 .60 .59 | .65 \57 .48
,-02Y 206 | .51 \N-.16 | -03
| aa] 64 | 67 |} .50 | 39N\
.66 .69 ) .19 .68
-1.82]| 2.24 |/~.22
.39 .25 .35
.55 .60 .70
| 35 KM l
EXPLANATION:
o CONTOURS SHOWN ARE ZERO VELOCITY
PERTURBATIONS

e IN EACH BLOCK, THE UPPER NUMBER IS
VELOCITY PERTURBATION (%), THE MIDDLE

~ NUMBER IS THE DIAGONAL ELEMENT OF THE
RESOLUTION MATRIX, AND THE BOTTOM
NUMBER 1S THE STANDARD ERROR FOR THE
BLOCK

* Seismic velocity structure of the lower crust from teleseismic P-wave residuals for the region of Death Valley
groundwater system. From Monfort and Evans, 1982.
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Model nov9b Layer 3 3l -8l km
81 | 337 12
.56 T4 .70
N .82 65 ] .75 gl /
-.50 .71 2.21 / 205|/116 f-144 | -304a | -201 || 60
.15 .83 .83 .78 .87 .85 .89 (.73
.66 .60 .54/ .64 L}/ .48 |- .55 45 66 -
-1.58 | -2 .09_.4 T2)| -84 | -.43 | -27 | -99 |-222 | -162
.89 .92 \.84 .89 .92 .93 .91 .91 .91 .68
.40 .36 56| .46 I\.38_L_ 34T 4] .38 .38 .75
-.43 | -.67 -.zo\' .67 98 77 AT Y| -7 | -1.72 | -2.8
.90 .93 .91 .92 .94 .91 .92 .87 .84.
™~ 40=h_ .34 42) .41 ¥ )
N - R n_32 42 37 .48 52
1.16 -.52 Y 63 1.66 2.077' - .61 74 1L57 N
.65 .92 .94 93 .95 /.es (.sa 74
77 .39 34 .36 .30 .56 49 .63
-.06 122 | =.28 ~-.80l | -2.19 1.32
.89} 92 (94 .-’z:_} .90 \ez
- ,.45 .39 .34 | . Q8 .45 54 | L
1.92 1.63 .5I -1.06 | -.92 A6N] -1.2497- 11
.65 90 .92\ .94 92 (.90 \.85 1 .67
.78 42 .38 \.33-\.39 .40 .48 59
287 | 278 | 2.37 '.77\ -1 A6 T
.85 .91 .89 .84 .76 79
.53 .40 44 54 .67 \.59
3.24 | 4.07 | 15 2.03 \ |7
.51 T4 .69 18
.70 .67 .69 .67
| 35 KM i
EXPLANATION:

® CONTOURS SHOWN ARE ZERO VELOCITY
PERTURBATIONS;

® [N EACH BLOCK, THE UPPER NUMBER IS
VELOCITY PERTURBATION (%), THE MIDDLE
NUMBER IS THE DIAGONAL ELEMENT OF

THE RESOLUTION MATRIX, AND THE

BOTTOM NUMBER IS THE STANDARD
ERROR FOR THE BLOCK.

Seismic velocity structure of the upper mantle from teleseismic P-wave residuals for the region of Death Valley
groundwater system. From Monfort and Evans, 1982.
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Mode! nov9b  Layer 4 8l1-131 km

.07 .40 68| | -1.88 | -2.36
72 \ 7° .70 .79 .80
73 ~.71. | 12 [Ne2 | .62
-.74 .30 -1.30 | -1.46 1.50 278 \ -.03 .18
.85 83 85 .86 87 87 .89 75
62 58 54 54 49 50 46 N~ .67
N
-116 | -44 | -16 AL 1.29 | 390 | t37 § -77 | -1.00 | -1.41 | -101
92 89 .9l f .92 92 89 .85 74
— .46 | .49 .44 .40 .40 | .48 .56 .14/
1.59 \-1.08 | -.98 121 60_ | -.54 | -1.30 .59
93 |} .89 .93 .94 .92 .91 .84 .89
.42 a7 .371 .35 39 ) .4 .56 52
1.44 -5 fss' 1.38 -18° | -84 | -36 1.64
88 .90/ 94 94 f.sz .88 8l 85
51 46 .36 .34 .39 .51 .63 57
1.08 93 28 1.62 217 | -188 | -1.72 \ 24
74 88 9l .94 92 84 .80 67
74 51 43 .35 .40 .58 61 74
82 137 | .97 -2.27 |-397 | .74
.84 .90 .93 .90 78 | [ .53
.56 .46 .35 43 .62 .83 /
1.10 .45 1.99 -1.23 |-1.40 | -.05~7 -1.00
77 .83 .87 .82 .81 .62 69
7 .59 .54 : . .60 .6l 77 69
1.37 1.49 ‘.on-—"’a.|4—"=.?5\\
.68 .69 75 5 .64
.66 74 .64 .67 70
' 35 KM |
EXPLANATION:
e CONTOURS SHOWN ARE ZERO VELOCITY
PERTURBATIONS

o IN EACH BLOCK, THE UPPER NUMBER IS
VELOCITY PERTURBATION (%), THE MIDDLE
NUMBER IS THE DIAGONAL ELEMENT OF THE
RESOLUTION MATRIX, AND THE BOTTOM
NUMBER IS THE STANDARD ERROR FOR THE
BLOCK

Seismic velocity structure of the mantle (depth 81-131 km) from teleseismic P-wave residuals for the region of
Death Valley groundwater system. From Monfort and Evans, 1982.
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Model novSb Layer 5 131 - 231 km
-.82 .46 205 | 259 | 374 3.36 | 2.70 '
.88 .85 .89 86 .91 89 .88
51 .63 .51 60 | .45 .50 .54

-02 {--72\]| 148 .67 75 1.69 .24 | 4.9 |\ -.87 | -1.33
.95 94 94 .95 .95 .96 .96 .93 .89 .87
.39 40\ .42 .36 .35 .33 .32 42 .53 .57
- G e L !
-.37 | -.4 001 -.22 ) L6l 1.93 oo | 1N 6T~~~ .16 _
.97 .96 .97 .97 .97 96 | .97 .95 .86 .91

—~.30 .32 .29 .28 /\ .28 .29 .28 .33 .59 .48
74 '35 05 [\-.04 ]| 226 | 254 .86 81 | L83 N .28
.97 .97 .98 .98 .97 .97 .97 .ss// .94 \ss
2 .27 .23 .2 : : : :

8 3 25 25 '24/,.31 39 | 61
2.34 | 1.53 1.25 .38 .88 | 1.30 | -754 | -1.52 33\ -.44
.97 .98 .98 .99 98| .97 .98 .96 .94 .95
.28 | .25 .24 A7 |21 B 26 .21 30 | \39o/| .37

: ——
2.84 | 2.02 | .55 —’.79\ 28 | =434 | -162 | -1.55 | -161 | -.9]
.97 .97 .98 | .98 . .98 | .98 .96 .95 .95
27 .29 .25 9 \.'s, S 23] | L2 .30 .35 .36
1.47 | .84 .97 [\ -.37 —:: {-129, | -2.06 | -1.04 | -1.04 | -6l
.96 .97 .98 .98 98 | .98, | .97 .96 .96 .89
32 .27 .24 a8 | .51‘““".@[ .25 .31 32 | .52
.08 42 07 £ -79 |-137 [ -L10 | -96 | -.60 [~ .02\| -.95
.96 .95 97 .98 .98 .97 .98 .95 .95 .85
32 .35 26f | .21 22 .27 .23 | .36 .37 61
yd
-.49 .67’ .21\ | -1oo | -95 | -.69 -0l / 73 )/ -86 | -.54
.86 .93 .96 .97 .97 .97 .97 .95 .93 | .87
.60 .42 .31 .26 28 | .27—1.28 .36 .41 .54
.87 .08}| -.90 | .02 .93 110 a9 | -170 | -1.62
.95 .93 .96 /.94 .94 .95 .92 .93 .85
.40 .41 .32 .38 .39 .36 43 .40 57
o~ : yd
/'-.47 -1.25 .75, 2.15 .15 -62 | -1.35 | -1.21
.65 .76 .89 .78 .87 .85 .85 .84
77 75 .49 .65 .56 .57 .61 | .64
EXPLANATION:
35 KM o CONTOURS SHOWN ARE ZERO VELOCITY
PERTURBATIONS

o IN EACH BLOCK, THE UPPER NUMBER IS
VELOCITY PERTURBATION (%), THE MIDDLE
NUMBER (S THE DIAGONAL ELEMENT OF THE
RESOLUTION MATRIX, AND THE BOTTOM
NUMBER S THE STANDARD ERROR FOR THE
BLOCK

Seismic velocity structure of the-mantle (depth 131-231 km) from teleseismic P-wave residuals for the region of
Death Valley groundwater system. From Monfort and Evans, 1982,
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Regional heat-flow values within and adjacent to the Nevada Test Site. From Sass and Lachaenbruch, 1982.
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Well Heat flow Reference
mwm 2 HFU
PM2 63 1.5 Sass and others, 1971
PM1 42 1.0 Sass and others, 1971
DoL 80 1.9 Sass and others, 1971
UlsK 56 1.3 USGS unpublished
Uel7e 66 1.58 USGS unpublished
TWE 29 0.7 Sass and others, 1971
J-13 67 1.6 Sass and others, 1971
Ue25al 54 1.3 Sass and others, 1980
Ue25b1 47 1.1 USGS unpublished
Ue25a3 130 3.1 Sass and others, 1980
USWG1* 52 1.25 Table 2, this paper
TWF 76 1.81 Sass and others, 1971
- TW3 92 2.2 Sass and others, 1971
TW5 84 2.0 Sass and others, 1971
w4 91 2.2 Sass and others, 1971

*Average heat flow in lowermost ~600 m.

Intensities of heat flow at the Nevada Test Site. From Sass and Lachenbruch, 1982.
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Explanation: (1) Contour lines are heat flow units (HFU): (2) EL is Eureke Low; (3) Arrow indicates outline of
the Nevada Test Site; (4) Heavy line is 2.5 HFU contour (Swanberg and Morgan, 1978).

Map of western United States showing intensities of heat flow. From Sass and Lachenbruch, 1982.
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a) TERRESTRIAL TEMPERATURE AS A FUNCTION OF DEPTH AND INTENSITY
OF FLUX OF TERRESTRIAL HEAT. FROM BRIDWELL AND POTZICK, 1981.

1500
s 1400
] / —— Solidus for dry melting
o [ of pyrolite (Based on
£ ) Green and Ringwood,
& 1 1967 o,b)
4 | == Solidus for meiting of
® | pyrolite containing 0.1% H,0
24300 H {INustrative)
S
|' PRESSURE" 25 kilobars
1
!
1200 f
| i |
o] 10 20 30

Percent Partial Melting of Pyrolite

b) DEGREE OF MELTING AS A FUNCTION OF TEMPERATURE IN PYROLITE
UNDER ANHYDROUS CONDITIONS AND IN THE PRESSURE OF 0.1% H,0

AT 25kb. FROM RINGWOOD, 1969.

Terrestrial temperature - a perspective.
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Number  Arith- Range 20l ] ]
of metic of
Measure-  Mean, Values,
Tectonic Zone ments HFU H¥ru
Precambrian folded regions 49 0.96 0.61-1.8 ‘
Shields 11 0.86 0.61-1.4 15 T
Platforms 38 0.99  0.70-1.4 // '
Paleozoic folded regions 113 1.6 0.6 -2.6 # /
Caledonian folded regions 11 1.1 0.8 -1.5 5 : / .
Hercynian folded regions 102 1.6 0.6 -2.6 2o 0 i
Cis-Caucasus 32 1.6  0.91-2.6 3 ‘
Crimea 13 1.4 1.0 -1.8 & i
Western Europe 57 1.7 0.60-2.6 / '
Cenozoic folded regions 82 1.7 0.63-3.3 H
Foredeeps 33 1.2 0.65-1.9 s [ : ]
Foredeeps, not including / o
Cis-Alpine foredeep 30 1.12 7 ;
Folded mountain structures 28 1.8 1.2 -2.7 ///// 3
Cenozoic voleani 21 2.1 1.4 -3.3 f 4,
hd o arees o 7 /////////////////// - -
< ] 2 3 4 5 3 7 8
HEAT FLOW (1 CAL/CM+ SEC)
A) HEAT FLOW DATA FROM EURASIAN CONTINENT. FROM LUBIMOVA B) HISTOGRAM OF OCEANIC HEAT FLOW DATA.
AND POLYAK, 1969. FROM VON HERZEN AND LEE, 1969.

HEAT FLOW

1 1 i
o JAFAN SER VOLCANIC TRENCH
ARC
NORMALIZED DISTANCE

C) HEAT FLOW ACROSS THE JAPAN TRENCH.
FROM ANDERSON, 1980.

Terrestrial heat flow - a perspective.
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