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UZ Flow and Transport Process
Model Factors

Key Attributes Process Model

of Performance Factor TSPA-SR Input Parameters

Climate states

Climate i
Timing and sequence

Probabilities for different infiltration scenarios

Net Infiitration Infiltration Rate

Flow fields for different infiltration scenarios and climate states

Water Contacting Unsaturated Zone Flow . .
Percolation flux at repository

Waste Package

Coupled Effects on UZ Flow Percolation flux affected by TH

Seepage into Emplacement
Drifts

Seepage flux and seepage fraction as a function of percolation flux
Percolation flux - f (multiple locations, waste type, time, climate)

Seepage flux and seepage fraction as a function of percolation flux
Seepage composition affected by THC

Coupled Effects on Seepage

A —
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UZ Flow and Transport Process
Model Factors

(Continued)

ol(fege:-\ft;::::rt‘iz Proc:::ttl)\frlodel TSPA-SR Input Parameters
Fracture aperture and spacing in different units
Flow fields for different infiltration scenarios and climate states
e K, for all elements included in TSPA
UZ Radionuclide Transport e Matrix diffusion coefficients — f (isotopes, units)
e K. and/or kinetic colloid parameters for Pu, Am, Th etc.
e Colloid filtration factor
¢ Breakthrough curves — f (radionuclide, region)
e Climate change flux multiplication factor
e Capture zones and release locations within each zone.
Transport Away from * Flow'ﬁelc'is )
the Engineered . FIowmg mterva_l spacing . . .
Barrier System e Effective porosity for all units except the volcanic units
87 Radionuclide Transport ¢ Dispersivity (longitudinal, horizontal transverse, vertical transverse)
» Boundary definition of the alluvium
e K, for isotopes included in TSPA
e Flowing interval porosity
* Matrix porosity
e Effective diffusion coefficient
e K. colloid parameters
e Colloid filtration factor
Wellhead dilution e Annual groundwater usage
Biosphere Dose Conversion ¢ Biosphere dose conversion factor — f (radionuclide, irrigation time)
Factor

et
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Climate and Infiltration Models

Objectives

s Climate

— Analysis of potential future @

climate conditions-10,000 = NN Run-on/runoff

years Precipitatlon
Net

— Estimate mean, upper and Transpiration Evaporation g‘;ﬂ;:ja;irz”

lower bounds for S

.. . i nfiltration

precipitation and air

tem peratu re ~&— Redistribution = | Bedrock

P d . ¢ f Change in Storage
— rovide input 1or

. . p Drainage Percolation—#=
Infiltration Model

Unsaturated Zone

L Infiltration v Recharge%

Saturated Zone

— Provide spatially-
distributed time-averaged
estimates of net infiltration

— Upper boundary of UZ
Flow and Transport Model

e
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Climate and Infiltration Models

(Continued)

Assumptions

e Climate

— Analysis based on
examining paleoclimate
records

— Climate is cyclical with
several alternating glacial
and interglacial periods

e Infiltration

— Model infiltration through
root-zone only

— Simplified "bucket-model"
used to simulate
infiltration process

e ——

Climate Model

* Predict Future Climate States
al

nd

Durations at Yucca Mountain

- Provide Lower, Mean and Upper

Infiltration Model

§

Issues _

+ Estimate Infiltration Rates for UZ
Flow and Transport Models

* Lower, Mean, and Upper Boundary
Values for Modern, Monsoon, and
Glacial Transition Climates

Model/Data

+ Precipitation and Temperature Data

from Analog Sites

+ Monsoon

Nogales, AZ; Hobbs, NM
+ Glacial Transition:

Spokane, Rosalia, St. John, WA;

Beowawe, NV; Delta, UT

Model/Data

+ Groundwater/Surface Water Models
for Hydrologic Cycle
- Calibrate to Hydrologic Properties,
Water Content Profiles, and
Streamflow Data

§

Results

- Precipitation Rate (mean) and

Duration

Modern: 190.6 mm/yr — 600 years
Monsoon: 302.7 mm/yr — 1400 years
Glacial Transition: 317.8 mm/year —
8000 years

Y

+ Net Infiltration Rate (mean)
Modern: 4.6 mm/yr
Monsoon: 12.2 mm/yr
Glacial Transition: 17.8 mm/year

UZPMR3.5-1REV

00
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Climate and Infiltration Models

(Continued)

Results

e Climate
— Duration Mean Precipitation Rate
— Modern: 400-600 years 190.6 mm/yr
— Monsoon: 900-1400 years 302.7 mm/yr

— Glacial Transition: 800-8700 years 317.8 mmlyr

e Infiltration g b c.d
_ Mean Infiltration Rate § .. e (_m“
— Modern: 4.6 mmlyr giﬁ%
— Monsoon: 12.2 mmlyr -

— Glacial transition: 17.8 mm/yr



Climate and Infiltration Models

(Continued)

Uncertainty
. 20 D.i? - 1i2_ 139
e Climate e 0|l r
14
— Not included in base TSPA gg -

simulations-indirectly g s NiNIEE
through effects on UZ Flow ~ ° aininin
Model : - Onm |

N
o™

— Future work: vary climate
change times

log (infiltration (mm/yr)

UZPMR3.5-6REV00

e Infiltration

— Included indirectly in TSPA simulation as boundary condition on
UZ Flow Model

— Monte Carlo simulation varying parameters in Infiltration Model-
generate infiltration histogram for each climate scenario

— Weight climate scenario histograms for sampling in TSPA
simulations

et
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UZ Flow Model

Objectives

e Tointegrate the available data
from the UZ system into a
comprehensive 3-D model

+ Variation in Percolation Flux

+ Preferential Water Flow

e To develop several submodels for |- emvateririow

detailed studies of percolation and | Fisemenns = Fiow Cormponent )/ [ e e et
perched water through different
units

e To quantify the flow of moisture,
heat, and gas through the UZ,
under present-day and estimated
future climate scenarios

e To contribute model parameters

and model input to other specific » o
studies or models Rl So—— | [ Flow Through Zeolites
- Perched Water Ages . La:et:Wertlcal Flow
e To provide TSPA with 3-D steady- s R St -

state flow fields

UZPMR3.7-1REV00

A —

Y M P Yucca Mountain Project/Preliminary Predecisional Draft Materials M&O Graphics Presentations_YMBodvarsson_08/01/00.ppt 9



UZ Flow Model

(Continued)

Assumptions

Flow and transport processes can be
described using a macroscopic
continuum approach, using Darcy's law
and Richards' equation for the two-phase
flow

Dual-permeability concept can be used to
evaluate flow, transport and interactions
in the fracture-matrix system.

The UZ geology can be described using
the GFM, approximated as a layered
system with fluid and rock properties
estimated from the Property Model

The ambient unsaturated flow can be
approximated by an isothermal, steady-
state flow field, with surface infiltration
described in the Infiltration Model

Perched water occurrence is due to
permeability barrier effects

e —
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Results

e Model Calibration completed

e Several submodels developed for PTn,
faults, and CHn/perched water

[

UZ Flow Model

(Continued)

Percolation fluxes, flow patterns and
fracture-matrix flow components
predicted using nine infiltration
scenarios

Factors/Conservatisms/Optimisms

Surface net infiltration rates

Heterogeneity of the hydrogeological
system

Characterization of faults

e

(a) Total Flow at Repository (pa-pchm1)

of Repository Area (%)
H 4 t

=1
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(b) Total Flow at Repository (pa-monm1)
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= Par_!_:enla'ge o!‘gmgmw J%) =

T

1 § 9 13 17 21 25 29 33 3T 41 45 49 53 57 &
Percolation Flux (mmlyear)

Y M P Yucca Mountain Project/Preliminary Predecisional Draft Materials

M&O Graphics Presentations_YMBodvarsson_08/01/00.ppt

11



Mountain Scale Coupled Prareccac:

Temperature at location # 1
] ] T H IVI O d e 1600 e case thermal load, APD =72.7 kW/acre “or
O bj ectives 1800 02000yt s memeonr s
2000+ years, glacial transition L._ e = a
1400 _Ventllatlon 70%
o Evaluate temperature changes over the Mountain | |
size of the 2-phase zone, temperature at Repositc g | \
PTn, CHn, and water table §7°°1
_ _ %1100— N
o Evaluate the effects of heat on liquid and gas w o
distribution. ;
900 -
e Evaluate the effects of heat on liquid and gas floy il
the far field; close to drifts; drainage in the pillars = "~ . . .
0.0 25.0 50.0 75.0 100.0
: Temperature (degC)
Assumptions

Temperature at the repository

® Uniform heat distribution at repository; ventilatio 159 Base case thormal ac, APD =72.7 KiW/acre, 20 grd NS#2

Infiltration : 0-600 years mean presentday =~~~ "= ne
rem OVGS Only heat 600-2000 years mean monsoon
2000+ years mean glacial transition  w

Ventilation : 70%

o Fixed temperature top and bottom boundary II i i
conditions

iti ,'11-""1' IIHI. l””-l.“'r 1I|""-' f
° Modeling approach supported by: N 'IM;

—  Geothermal natural ana|0g continuum mode i|||||HHHHH””””HHH|||||HHH”“”'”H

® Layer constant flow properties; not effected by
thermal load; no hysteresis

100

Temperature (degC)

|||||||HIIIIII1'HIrrIIIII\\IIIIIIIHIIIH!IIH'I'||

— Drift Scale Heater Test 231060 232000 233000 234000 235000 236000

Nevada Coordinate (N-S) (m)

O —
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Mountain Scale Coupled Processes:
TH Model

(Continued)

Results

The two-phase zone is confined to less than 10-
20 m from drifts

Temperatures at the repository drifts rises to
above boiling conditions (>97 °C)
Temperatures of pillars is 80-85 °C, 70-75 °C
CHn and 67-70 °C at water table

High fracture permeabilities allow for easy and
rapid drainage in pillars between drifts

Liquid flux towards the drifts may exceed 400
mm/year, but is all vaporized by repository
heat. Drainage between the drifts is enhanced
by condensate water

Factors that may impact predictions

Lateral variation properties across layers;
focussed and channelized flow of condensate
through fractures and heterogeneous features

Changes in long term distribution of ambient
surface infiltration and effects of climate

Liquid Flux (mm/yr)

-30

Fracture flux at repository

— fime = 10 yEGrS
— lime = 50 yoars

20

i1 = 5000 years

| Base case H'Itermal load, APDI =72.7 kW/acre, |2D grid NS#2

sme=syears  INfiltration : 0-600 years mean present day
600-2000 years mean monsoon

i 108 yaars 2000+ years mean glacial transition
=ux fbime = 500 years

ime = 1000 years ¥ €Ntilation : 70%

233000.0 233100.0 233200.0 233300.0 233400.0

Nevada Coordinate (N-S) (m)

e ——
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Objectives

e Determine fraction of waste
packages affected by seepage

e Determine seepage flux

Assumptions

e Heterogeneous fracture
continuum

e Flow focusing
e No evaporation/condensation

o Partial drift collapse

e Large variability and parameter

uncertainty
e e ————————
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Drift Seepage I\/Iod

(Continued)

Results

e Seepage-relevant parameters determined
from seepage experiments

e Calculated seepage fraction and seepage
flux for large range of parameters

g

-
= e Ea

Factors

EETY Fgi = I
o ararin T Lo T I T r i T T T7 4

° Percolation flux

500

e Channeling effect

S Effective capillary strength of fractures

400

o Fracture permeability

300

Conservatisms/Optimisms

200

e Conservative parameter values

Percolation Flux [nm/year]

e Ignore ventilation/ evaporation

e Ignore in-drift condensation
%
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Seepage During Thermal Period

Percolation flux 5 m above the drift is used in seepage

calculations

Capillary driven flow towards drifts produces a pulse of
seepage at around 100 years. This abstraction is conservative
and has little effect on TSPA results

Recent model simulations using heterogeneous fracture
properties show no seepage and effic

lent drainage in pillars

1140 o
4.5 i 0.050
4 A bin 0-3 mm/yr : B
\ bin 3-10 20 | 508
~ 35 bin 10-20 I 0020
> . B Ol
< ; I 0.015
o 3 VA\\\ bin 20-60 1100 |- - o018
\E, bin > 60 I i 0.005
P - D 0.000
g 29 E 1080}
c L
= . <] E
5 ° T E
= > ======
@ 1060 |- T
s 15 o ! i
O [i
n 14 f T
1040 |- e
0.5 1 - Frécture Flux at 100 years
O —_— . P Time step = 1 year
0 1020 |- -
10 100 1000 10000 i
Time (yr) 10095 5 10 15 20 25
Distance from drift center (m)
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Drift Scale THC Models

O bj e Ct i V eS Mineral Precipitation in Changes in Hydrological Properties

Fractures and Matrix Modification to UZ Flow and Transport

® Predict the chemistry of water and gas
that will seep into drifts

Chemistry of Water and Gas
Potentially Seeping into Drifts

® Evaluate changes in hydrological
properties due to mineral
precipitation/dissolution

® Calibrate/validate model using the
chemical evolution of water, gas, and
minerals in the Drift Scale Test

Assumptions

o Dual-permeability model

® Initial water chemistry in fractures and
matrix pore water is the same

Drift Wall:
e  Geochemical systems considered . i sesuraion
adequately capture the ambient P s lpmiins
SyStem » Climate Ch;nges

* Mineral Assemblage

* Water and Gas Initial
Compositions

UZPMR3.10-1REV00

e —
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Drift-Scale THC Models

(Continued)
Results and Validation

® A large zone of increased gaseous CO,
concentrations was predicted in the DST and has
been confirmed by analyses

o Modeled fracture water chemistry in the DST
shows a similar trend in pH over time to waters
collected from boreholes

[meters]
[meters]

o The pH of water flowing in fractures to the drift
wall during the rewetting period is near neutral to
slightly alkaline (~ 7.5 to 9) and is not strongly

0 10 20 30 40 0 10 20 30 40

concentrated in salts [meters] [meters]
oEEEEEEE
. - . 00 02 04 06 08 1.0 0. 0. 0. 0. ]
e  Porosity and permeability changes over the first Liuid Saturation " orosty Ohange 1
10,000 years are small and effects on flow fields
minimal Drift Scale Test
30000 T T T T 9.00
743 Modeled (racture) Drift Scale MeasnLred vs. Modeled pH
Test o
20000 8.00 .\\ }:
s AA/A \\i A /
§ 15000 / I N |\ /
] A%\‘O - RN L
o - =N \‘_———r,/’,-/o
7~ = )
0 %ﬂ—ﬁzﬁ‘%% 6.00 ‘
0 3 6 9 12 15 18 21 24 27 30 0 3 6 9 12 15 18

Test Duration (Months) Time (Months)



Drift-Scale THC Models

(Continued)

Conservatisms/Optimisms

A —

Y M P Yucca Mountain Project/Preliminary Predecisional Draft Materials

Initial water chemistry is more
concentrated in many
components than the average
UZ pore water, and thus would
give a conservative estimate
on salt concentrations and
mineral precipitation from
boiling alone

Changes in permeability that
are based on porosity changes
are likely to be underestimated
(optimistic), because mineral
precipitation/dissolution may
be localized

pH PCO2

U

™~ Silica dissolution
Aluminosilicate
Dissolution-precipitation

ﬁ\fapor

Rock Matrix

Fracture | +— Zone of Active
{ Calcite Precipitation

Zone of Active
Silica Precipitation

| Heat Source

Diagram Showing THC Processes
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UZ Transport Model

Objectives

Develop a model for
Investigating radionuclide
solute and colloid transport in
UZ to support PA abstraction
for TSPA

Assumptions

Flow component the same as
for the UZ Flow Model

Governing transport processes
(advection, dispersion,
diffusion, sorption, radioactive
decay, colloid filtration, and
colloid-assisted transport)

Nevada Coordinate N-S (m)

238000

236000

234000

232000

230000

Transport

Fracture Mase Fraction at Bottom of TSW
(for Tc at 100 years) (for Tc at 1000 years)

170000 172000 174000 170000 172000 174000

Nevada Coordinate E-W (m) Nevada Coordinate E-W (m)

A —
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UZ Transport I\/Iodel

(Continued) . G
Results/Important Factors
e Faults dominate and control 3oe] S /—
transport 3 :

e Matrix diffusion and sorption are I
main retardation mechanisms
. 1 ;
e 239Pu decay chain products are i et :

Important L e

Mean, Glacial-Transition, Np
e Colloidal transport could be L o TEMELIRCTT gl N
Important i Femv21 A

0.8;' — —DbCcPT | s /;

e Current PA transport model may
be very conservative

Cumulative Normalized Breakthrough

O Il H‘ [ HHH‘ 11 \‘ Il \HHH‘ Il \HHH: LoL i
10° 10* 10° 10® 10* 10° 10°
Time (years)

e
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Infiltration Barrier Sensitivity

Degraded Barrier

— High infiltration case throughout the model

Enhanced Barrier

— Low infiltration case throughout the model

e

Y M P Yucca Mountain Project/Preliminary Predecisional Draft Materials
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Preliminary
Infiltration Barrier Sensitivity

06/25/2000, 1:33 PM, SR00_047nm5.gsm; 06/28/2000, 1:40 AM, SR00_062nm5.gsm;
06/28/2000, 5:18 AM, SR00_063nm5.gsm; SR00_062nm5_and_063nm5.JNB

104

103

Base Case
Degraded Infiltration Barrier
Enhanced Infiltration Barrier

102

10°

_'§
4
4
10t +
4
4

Dose Rate (mrem/yr)

Lol

Lol

Lol

1000 10000 100000

et

Time (years)

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only
and is subject to revision; not appropriate for assessing regulatory compliance.
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Seepage Barrier Sensitivity

Degraded Barrier

— 95th %tile flow focus factor

— 95th %tile seepage uncertainty index (implies 95th %tile
seepage fraction, 95th %tile mean seepage flux, & 95th
%tile seepage flux standard deviation)

Enhanced Barrier

— 5th %tile flow focus factor

— b5th %tile seepage uncertainty index (implies 5th %tile
seepage fraction, 5th %tile mean seepage flux, & 5th %tile
seepage flux standard deviation)

R~ —
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Preliminary
Seepage Barrier Sensitivity

06/25/2000, 1:33 PM, SR00_047nm5.gsm;
SR00_129nm5.gsm; SR0O0_130nm5.gsm; SR00_129nm5_and_130nm5.JNB

104 _§ T T T T T T 1 | T T T T T T T 1 ?
- Base Case ]
3 [ Degraded Seepage Barrier 7
—~ 10 _Ig_ Enhanced Seepage Barrier .............................................................................................. _gl
Z‘ _ ]
E 102 e
@ -
= L 5
Ew+t S ]
@ : :
6:6 100 _g ....................................................................................... ?
Q 101 —é— ........................................................................................... —;.
® : -
o 102 _E ............................................................................................. -
10—3 | ] ] ] ] [ T : ]

1000 10000 100000
Time (years)

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only

@ G - and is subject to revision; not appropriate for assessing regulatory compliance.
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UZ Transport Barrier Sensitivity

Degraded Barrier

— 5th %tile matrix Kds for all radionuclides

— 95th %tile Kc for reversible colloids

— 5th %tile anion/cation matrix diffusion coefficients

— 95th %tile fracture apertures for all units

Enhanced Barrier

— 95th %tile matrix Kds for all nuclides

— 5th %tile Kc for reversible colloids

— 95th %tile anion/cation matrix diffusion coefficients

— 5th %tile fracture apertures for all units

i e —
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Preliminary
UZ Transport Barrier Sensitivity

SRO0_047nm5.gsm; SR00_123nm5.gsm; SRO0_122nm5.gsm; SR00_123nm5_and_122nm5 with base.JNB
) ) ) ) ) )

Base Case
Degraded uz Transport BArrier |-
Enhanced UZ Transport Barrier

H
<
N RN E—

Dose Rate (mrem/yr)

-
Q
N
1 ||||||,|,i

1000 10000 100000
Time (years)

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only

@ G - and is subject to revision; not appropriate for assessing regulatory compliance.
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UZ Flow and Transport Barrier Sensitivity

Degraded Barrier

— Degraded UZ transport barrier

— Degraded Infiltration barrier
Enhanced Barrier

— Enhanced UZ transport barrier
— Enhanced Infiltration barrier

e
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Preliminary
UZ Flow and Transport Barrier Sensitivity

06/25/2000, 1:33 PM, SR00_047nm5.gsm; SR0O0_125nm5.gsm; SR00_126nm5.gsm; SR00_125nm5_and_126nm5.JNB

Base Case
Degraded UZ Flow and Transport Barrier
Enhanced UZ Flow and Transport Barrier

=
<
[BEY

Dose Rate (mrem/yr)

Q
N

1 Illlluj 1 Illlluj 1 Illlluj_‘

T

o
w

1000 10000 100000
Time (years)

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only

@ G - and is subject to revision; not appropriate for assessing regulatory compliance.
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Backup

e ———
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Calibrated Properties Model

Objectives

e Mountain-scale, calibrated
parameters for entire UZ
F&T Model

e Drift-scale, calibrated
parameters for repository
horizon and adjacent layers -

e Fault, calibrated parameters

for entire UZ F&T Model %

pp2

pp1

e Thermal parameters
(uncalibrated) for entire UZ
F&T Model

o ESt' m ate unce rtal n tl es fo r Fracture Permeability (m?2) Matrix Permeability (m?2)
t h e p arameters UZPMR3.6-6REV00
e e
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Calibrated Properties Model

(Continued)

Assumptions

Uncertainty of
Calibrated Properties

o Heterogeneity is controlled e

uncertainty because of generally

by hydrogeologic layering sl parametrchage

i i TSw fracture permeability: 1- 6 x 10™"'m?
(I €. p ro p ertl es are TSw matrix permeability: 4-600 x m“Bm:’S , Olog(k)

homogeneous Within a Iayer) Canitricmatrixpennebirily:1-10x10 m

| Flow Repartioning at
Welded/Monwelded
Interfaces

Fracture Flow
> ~10% of total in PTn
—more where PTn
is thin

o Liquid flow under ambient
conditions is steady-state

) Flow is simulated using a
dual-permeability model

A~ p | i \ .'\ \ Fracture Flow ~85%
. Pt /° Matrix | " of total in TSw
() van G enuc h ten mo d EI IS * Water Potential Drift-Scale Properties
Use of only in situ TSw fracture permeability: ',

permeability and water ot
potential

used for liquid relative @ O

| Fracture Flow ~20%
"‘ of total in vitric CHn

o Brooks-Corey model is used urmessme
for gas relative permeability

e An active fracture model is
used to represent the effect
of non-flowing fractures

A ——
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Calibrated Properties Model

(Continued)

Results

Simulated and measured
saturation, water potential,
and pneumatic pressure
match well

Calibrated hydrologic
parameters and
uncalibrated thermal
parameters are validated
against data not used for
estimation and calibration

ITOUGHZ2 code rigorously
treats parameter
sensitivities and
uncertainties
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Calibrated Properties Model

(Continued)

Flow Repartioning at

Conservatism/Optimism and Major Factors s e

/B

Mountain-Scale /I
 Continuous fracture pathways g~ = /
are assumed to exist from the = Gaibiatod Propertes L. |
mountain surface to the water | o | HER S Errrra
table (conservative for transport) [ N e

e Calibrated parameters are
controlled by limited dates
especially in the Calico Hills unit

e At major hydrogeologic unit
interfaces (e.g. TCw to PTn),
calibrated parameters are
controlled by the assumption
of flow transition from dominantly
fracture to dominantly matrix |
(or vice-versa) Water Potenia
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