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'Figure 2-1. Coupling of the climate subcomponent to other UZ-flow subcomponents and to other‘TSPA-
VA components.
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TSPA-VA components.
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Figure 2-4. Coupling of the seepage subcomponent to other UZ-flow subcomponents and to other
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Figure 2-6. Alternative conceptual models and corresponding relative-permeability curves for flow
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Figure 2-7. Location of net infiltration modelirig‘ domain relative to regional topography and the

boundaries of the Nevada Test Site.
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Figure 2-8. Infiltration modeling domain, showing shaded relief generated from digital elevation data

used for model input.
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Figure 2-9. Location of precipitation stations in the Yucca Mountain region used for developing daily

precipitation models of analog climates.
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Figure 2-10. Modeled net infiltration rates for Yucca Mountain using the scaled 4JA analog current-

climate, 100-year stochastic simulation.
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Figure 2-11. Location of sub-areas within the net-infiltration modeling domain.
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Figure 2-13. Modeled net infiltration rates for Yucca Mountain using the Area 12 analog potential-future-
climate, 100-year simulation.
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Figure 2-15. Modeled net irfiltration rates for Yucca Mountain using the South Lake analog potential-

future-climate, 100-year simulation.
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Figure 2-16. Modeled net infiltration rates for Yucca Mountain using the scaled South Lake analog
potential-future-climate, 100-year simulation. ‘
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Figure 2-17. Comparison of net-infiltration and recharge estimates as a function of estimated average
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239000 - o
238000 -
237000 -
236000 A o
i . MM/Year
é 235000 a8
(@)
:g 18
g 234000 A 16
z 14
233000 - 12
10
8
232000 - - 5
4
231000 A - 2
: 0]
230000 =

168000 1 69600 170000171000 1 72IOOO 173000
Easting [m]

Figure 2-18. Present-day net infiltration map over the LBNL UZ-flow mode! with an average of
4.9 mm/year. (LB971100001254.002)
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Long Term Average (32.5 mm/yr: USGS, 10/97)
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Figure 2-19. Long-term average net infiltration map over the LBNL UZ-flow model with an average of
32.5 mm/year (from Area 12 Mesa analog). (LB971100001254.002)
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Super Pluvial (118 mm/yr: USGS, 10/97)
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Figure 2-20. Superpluvial net infiltration map over the LBNL UZ-flow model with an average of 118
mm/year (from South Lake analog). (LB971100001254.002)
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Figure 2-21. 1-D TOUGH2 mesh used in sensitivity analyses.
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Figure 2-22. Equilibrium-simulation results: saturation vs. elevation for core, fracture, and matrix.
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Figure 2-24. Sketch of monitoring stations, alcoves, and test facilities in the Exploratory Studies Facility.
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Figure 2-25. Ranges of fracture and matrix permeabilities used in simulations.
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Figure 2-26. Ranges of fracture and matrix alpha used in simulations.
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Figure 2-29. Simulated saturations, normalized, mass flow rates (to infiitration), and pore-water
velocities from varying fracture permeability by one standard deviation from the mean for all layers.
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Figure 2-30. Simulated saturations, normalized mass flow rates (to infiltration), and pore-water velocities
from varying matrix alpha by one standard deviation from the mean for all layers.
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Figure 2-31. Simulated saturations, normalized mass flow rates (to infiltration), and pore-water velocities
from varying fracture alpha by one standard deviation from the mean for all layers.
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Figure 2-32. Simulated normalized (to infiltration), mass flow rates, and pore-water velocities from
varying fracture alpha by one standard deviation and one-half a standard deviation from the mean for all

layers.
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Figure 2-33. Simulated saturations, normalized (to infiltration), mass flow rates, and pore-water
velocities from varying matrix lambda by one standard deviation from the mean for all layers.
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Figure 2-34. Simulated saturations, normalized (to infiltration), mass flow rates, and pore-water
velocities from varying fracture lambda by one standard deviation from the mean for all layers.
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Figure 2-35. Percent probability curve for fracture spacing in the TSw33 layer. This distribution
approximates a lognormal distribution (which would yield a straight line).

B00000000-01717-4301-00002 REVQ0 F2-35 August 1998



TSw33

99_99 l‘llIIII,I!Illl'l.lllllllllllillllllllllll ]"
909 b | I | I
| | | |
. | | | !
£ o5 | | | |
8 90 . | | |-
8 | g g S
&9 80 3 §| | g'
= or %! E! ' E
»
¢ 50 &I -gl | &1 A
5 21 Tl | s
) = £ | 4 -
S - R 5
3 5| &1 I - 28 @y
€ 258
-
3 ! | 585 | |
1 r | ® 8. | |-
2
| S22 | |
0 ~
1r | | | | ]
'01 lll]‘lllllllllllllllllll]llllll'lvll'llllli
-4.00 -3.50 -3.00 -250° -2.00

Log o,

Figure 2-36. Comparison of sampled o distribution to the rangeé suggested in this section and other
reported o4 values for the TSw33 layer. o

B00000000-01717-4301-00002 REV00 F2-36 - August 1998



NAL B~ O e o O OO O BOOAIDADO D L B O SOOI A OOLD O LB O A0

. Boo-n R B - N D aamnnnng o0 o n

1
i

A

Bhd A A A A O A ADANAANA A A AR

X  Mean-Frac
- == Max K
—-—-MinK

i
- - Min Alpha

¢ Max K /Min Al
o Max Alpha

A> M K/Max Al

\

1
\

Sponnmrprbauon-o o- O ot

)

A

AABAAMA A BBt b B b BeBA

1.2

0.8

3
k3
X
2
=
b4
2 8
=
3
K|
[
&
=z

0.2

Figure 2-37.

1400
1300

1200

100

Elevation (m)

1600

800

900

Variation of fracture mass flow (normalized to infiltration) with elevation.

B00000000-01717-4301-00002 REV00

F2-37

700

Aungust 1998



1.2

—O~—Mean-Mat
-~ ~— Max K
{  ~-= Mink
’ o Max Alpba
--- Min Alpha
' A Min K/Max Al
¢ Max K/Min Al |

Antrdiieds i e btels & & & &b

0.6
Normalized Mass Flow (Kg/s)

)
A
i
]

I

!

04

Asxx A & & i & & AASARAN A NS A

1400
1300
1200
1100
000
00
800
700

Elevalion (m)

Figure 2-38. Variation of matrix mass flow (normalized to infiltration) with elevation.
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Figure 3. Variation of Fracture Pore Water Velocity with Elevation
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Figure 2-40.
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Figure 2-41. Variation of matrix and fracture saturation with elevation for the maximum fracture-
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. Figure 2-44. Conceptual model of liquid flux through fractures and available wetted area for
fracture/matrix liquid flow within a grid block at low-and high-infiltration rates.
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Figure 2-45. Dependence of various fracture-matrix flux multipliers, f, on fracture saturation. The
fracture residual liquid saturation is assumed to be 0.03.
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radionuclide transport.

B00000000-01717-4301-00002 REV00

F2-48

August 1998



—l I 1 T 1 | Ved 1 1 1 ] i I" 1 1 I H T
2.3800E5 [~ z RO ~
- < X Po *e ‘\ .
g o X I
- : \ “‘ 9&6 ;‘ —
- 8 s 3 0‘?0 o _
—_— - -—d 2 . .'. ]
E m ) ‘\ ..h. -
i 2.3600E5 - 8 T RN " "
= i = < H .
< i ; -
2 el B ': T+ t ¥ T
@) | g ]
O g ] 5
2 2.3400E5 - _ ] . —
a L ' ' 4
§ % | (]
uJ — w || ] ¢ -
Z . ' FH S -
o T
= - } i
m 1|
O 2.3200E5 aa —
z i
B - w. ow x - B’
| A 2 = A ]
" s 31 3 5 i
& & £ :,L
- - g s S N
24 ] 2 g .
2.3000E5 [~ g e 2 —]
. = & 3
= - < (o] -
l 1 1 1 Il | | 'lu 1 | [\ 1 H 1 1 I | |

1.6800E5  1.7000E5  1.7200ES  1.7400E5
EAST NEVADA COORDINATES (m)
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Figure 2-50. East-west vertical cross-section along SD-7 (B-B' in Figure 2-49) showing stratigraphy and
faults used in the development of the 3-D, site-scale, UZ-flow model.
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Figure 2-52. Tree-diagram of fifteen base-case, UZ-flow fields generated by LBNL for TSPA-VA. Five
different property sets were calibrated for the present-day infiltration scenarios.
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that were below the bomb pulse (taken from Bodvarsson et al., 1997 [Chapter 7]).
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Figure 2-54. Probability distribution of log permeability (m?) based on air permeability testing in the DST
block (Tsang and Cook, 1997). The cumulative distribution is shown in the lower part of the figure.

B00000000-017 17-4301-00002 REV00 Fﬁ-54

August 1998



[ Conditioned Permeability Field (050497a) I

N
RN
-16.0 Log Permeability -11.0
T o 1
Figure 2-55. Conditioned, stochastic, fracture continuum model. The x-axis corresponds to the NS-
direction, and the y-axis corresponds to the EW-direction.
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Figure 2-56. Schematic diagram showing three 3-D parts comprising the 3-D block and the DKM
. conceptualization. The x-axis corresponds to the NS direction, the y-axis to the EW direction, and the z-
axis to the vertical direction. : ' '
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Figure 2-58a. Heterogeneous-permeability field for vertical slice 1 of the 3-D block.
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‘ Figure 2-58b. Heterogeneous-permeability field for vertical slice 2 of the 3-D block.
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Figure 2-58c. Heterogeneous-permeability field for vertical slice 3 of the 3-D block.
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Figure 2-59a. Qrop, Qaotom. Qo and Qry as a function of time for slice 1 of the 3-D block, Q, = 50 mm/yr
and IF = 100%. Qp and Qew are plotted as negative values for clarity in presentation.
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and IF = 10%. Qp and Qgy are plotted as negative values for clarity in presentation.
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Figure 2-59¢. Qrop, Qaotom, Qo and Qen as a function of time for slice 1 of the 3-D block, Q, = 50 mm/yr
and IF = 0%. Qp and Qry are plotted as negative values for clarity in presentation.
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Figure 2-60a. Qiop, Qotom. Qo @nd Qrwm as a function of time for slice 1 of the 3-D block, Q, = 200 mm/yr
and IF = 100%. Qp and Qg are plotted as negative values for clarity in presentation.
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Figure 2-61a. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 50 mm/yr
and IF = 100% at t = 5 days. '
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Figure 2-61d. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 50 mm/yr
and IF = 100% at t = 1217 days.
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Figure 2-62a. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 200 mm/yr
and IF = 100% at t = 1 day.
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Figure 2-62b. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 200 mm/yr
and IF = 100% at t = 5 days.
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Figure 2-62¢c. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 200 mm/yr
and IF = 100% at t = tp= 21 days.
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Figure 2-62d. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q; = 200 mm/yr
and IF = 100% at t = 76 days.
N

B00000000-01717-4301-00002 REV00 F2-74 August 1998



12.0
100

8.0k

—llllllfflllll'l_ll!\l‘

N INEEE AR INNSE SNEEE ANNNE SREEN NN

6.0 -40 -20 00 20 40 6.0
y (m)

Matrix Saturation

(N N O

0.900 0.810 0.920 0.930 0.940 0.950 0.960 0.970 0.980 0.990 0.995 1.000

Figure 2-63a. Saturation contours in matrix continuum on slice 1 of the 3-D block for Q, = 50 mm/yr and
IF = 100% at t = tp = 534 days.
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Figure 2-63b. Saturation contours in matrix continuum on slice 1 of the 3-D block for Q, = 200 mm/yr
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Figure 2-64a. Saturation contours in matrix continuum on slice 1 of the 3-D block for Q, = 50 mm/yr and
IF=10% at t = tp = 8.4 days.

B00000000-01717-4301-00002 REV00 F2-77

August 1998



12.0F
10.0F
8.0
6.0 -ii o
__40F
G- ~
N OF ;
[ seepage
0.0
-2.0F
4.0
-6.0f o
u i TR 1:".L:l?.l WEEE ENENE i lml! W T
-6.0 40 -20 0.0 2.0 4.0 6.0
y (m)
Fracture Saturation

I I I I
0.02 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95

Figure 2-64b. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 50 mm/yr
and IF = 10% att = tp= 8.4 days.
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Figure 2-64c. Saturation contours in fracture continuum on slice 1 of the 3-D block for Q, = 50 mm/yr
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Figure 2-65. Time of seepage into drift as a function of Q; for slice 1 of the 3-D block and different
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Figure 2-66. Rate of seepage into drift as a function of Q; for slice 1 of the 3-D block and IF = 0%.
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Figure 2-67. Time of seepage into drift as a function of Q, for slices 1, 2, and 3 of the 3-D block. Fo
slice 2, simulations have only been performed for the IF = 0% case.
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Figure 2-69a. Homogeneous case: saturation contours in fracture continuum for Q, = 200 mm/yr and IF
= 0% att=1 day.
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Figure 2-69b. Homogeneous case: saturation contours in fracture continuum for Qp = 200 mm/yr and IF
= 0% att = 2 days.
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Figure 2-69¢. Homogeneous case: saturation contours in fracture continuum for Q, = 200 mm/yr and IF
= 0% at t = 900 days.
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Figure 2-71c. Saturation profiles in fracture continuum on slice 1 of the 3-D block at t = t, + 999 = 1,000

years. :
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Figure 2-72a. Effect of second pulse: saturation contours in fracture continuum on slice 1 of the 3-D
block at the end of second puise t = 2 t, + ti= 11 years.

B00000000-01717-4301-00002 REV00 F2-91 August 1998



12.0 :—
10.0F
8.0 E-
__40F
E ¢
‘N 2.0;—
0.0 E-
20F
40
6.0 o
NN SRS AR 1 RS BN Rt kN | | |-1.1
-6.0 -4.0 -2.0 0.0 20 4.0 6.0
y (m)
_ _Fracture Saturation
LD [

0.02 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95

Figure 2-72b. Effect of third pulse: saturation contours in fracture continuum on slice 1 of the 3-D block
at the end of second pulse t = 3t, + 2 ti = 21 years.
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Figure 2-72c. Qrop. Qsotiom: Qo, @and Qev @s a functloh of time for three successive pulses. Note that Qp
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performed for slice 1 of the 3-D block.
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Figure 2-73. Heterogeneous-permeability field for three-vertical planes along y-direction in part 1 of the
3-D block. '
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Figure 2-74. Saturation contours in fracture continuum on three vertical planes along y-direction in part
1 of the 3-D block for Qp = 1,000 mm/yr and IF=100% at t=1 day.
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Figure 2-75a. Saturation contours in fracture continuum on horizontal plane chosen close to the top
boundary in part 1 of the 3-D block for Qp=1,000 mm/yr and IF=100% at t=1 day.
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Figure 2-75b. Saturation contours in fracture continuum on horizontal plane chosen between the top
boundary and the drift in part 1 of the 3-D block for Qp=1,000 mm/yr and IF=100% at t=1 day.

August 1998
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Figure 2-75c. Saturation contours in the fracture continuum on horizontal plane chosen just above the
drift in part 1 of the 3-D block for Qp=1,000 mm/yr and IF=100% at t=1day.
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Figure 2-75d. Saturation contours in the fracture continuum on horizontal plane chosen just below the
drift in part 1 of the 3-D block for Qp=1,000 mm/yr and IF=100% at t=1day.
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Figure 2-76a. Qrop, Qaotom, Qo, @and Qry as a function of time for part 3 of the 3-D block for Q, = 200
mm/yr and IF = 100%.
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Figure 2-76b. Qrop, QBoom, Qo, and Qem as a function of time for part 3 of the 3-D block for Q, = 1000
mm/yr and IF = 100%.

B00000000-01717-4301-00002 REV00 F2-101 August 1998



~—

2.0E-03

1.5E-03

1.0E-03

5.0E-04

0.0E+00

Flux (kg/s)

-5.0E-04

-1.0E-03

-1.5E-03

lrllll111|ll|||ll|||1|lt|r||||.ﬁ-=ﬁrlll

. II’llJllI]l|IIII!IIIIILJIIlll'lllllllllllll

| = Inflow Fracture
| ' : — — == Qutfiow Fracture
v I . _ seannnsnnnanns |nflow Drift

tD = 0.7234 days

o

.0

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Time (days)

Figure 2-77a. Qrop, Qaorom: Qp, and Qem as a function of time for part 3 of the 3-D block for Q, = 200

mm/yr and IF = 0%.
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Figure 2-77b. Qrop, Qeorom: Qo, and Qewm as a function of time for part 3 of the 3-D block for Q, = 1000
mm/yr and IF = 0%. -
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Figure 2-78. Time of seepage into drift as a function of Q, for parts 1, 2, and 3 of the 3-D block.
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Figure 2-79. Rate of seepage into drift as a function of Q, for parts 1, 2, and 3 of the 3-D block. Note
that because there are computational limitations, no steady-state solution was obtained for part.1 with
percolation fluxes of 100 mm/yr, 200 mm/yr and 500 mm/yr.
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Figure 2-80. Saturation contours in fracture continuum along drift wali for Q, = 1,000 mm/yr and IF =

100% at t = 5.0 days.
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Figure 2-81. Saturation contours in fracture continuum along drift wall for Q, = 1,000 mm/yr and IF = 0%

att = 0.42 days.
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Figure 2-82. Time of seepage into dnft as a function of Q, showmg sensitivity to fracture van Genuchten
o and B for slice 1 of the 3-D block.
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Figure 2-83. Rate of seepage into drift as a function of Q, showing sensitivity to fracture van Genuchten B
a and B for slice 1 of the 3-D block.

B00000000-01717-4301-00002 REV00 F2-109 August 1998



10 1.0m

-
S &

298

1.8 m

I 0.5

& A&
< ¢
M1, MR
E
<
A 0.5 0.5 A
¢ ¢
BI. BR

(o]
e
S S Co N1 S

Figure 2-84. End view of boreholes on the wall of ESF Main Drift before the niche at CS 3560 was
excavated.
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