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Figure 5.2-1. Relationship of the Multiscale Thermal-Hydrologic Model to Other Models
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Source: Adapted from CRWMS M&O 2000 [DIRS 149862], Figure 1-1.

Figure 5.2-2. lllustration of the Multiscale Thermal-Hydrologic Model
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Source: CRWMS M&O 2000 [DIRS 153246], Figure 3.3-3.
Figure 5.2-3. Locations at Which Thermal-Hydrologic Parameters are Calculated by the Multiscale
Thermal-Hydrologic Model
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NOTE: Commercial spent nuclear fuel temperature histories averaged into infiltration-level bins. Data for medium
overall infiltration into the mountain,

Figure 5.2-4. Waste Package Temperature Histories
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Adapted from ANL-EBS-HS-000003 REV 00 ICN 01; Mike_Wilson_plots04.JNB
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. Source: CRWMS M&O 2000 [DIRS 153246], Figure 3.3-10.
NOTE: Relative humidity histories averaged into infiltration-level bins. Data for medium overall infiltration into the
mountain.

Figure 5.2-56. Waste Package Relative Humidity Histories
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Adapted from ANL-EBS-HS-000003 REV 00 ICN 01; Mike_Wilson_plots04 JNB
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Source: CRWMS M&O 2000 [DIRS 153246], Figure 3.3-11.

NQOTE: Percolation flux histories averaged into infiltration-level bins. Data for medium overall infiltration into the

mountain.

Figure 5.2-6. Histories of Percolation Flux 5 m Above the Drift Crown
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Results for a central location in the potential repository. ks = bulk permeability.

Figure 5.3.1.4.4-1. Liquid Phase Flux 5 m above Drift Wall as a Function of Permeability for the
Higher-Temperature Operating Mode
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NOTE: Results for a central location in the potential repository. ks = bulk permeability.

Figure 5.3.1.4.4-2. Postclosure Liquid Phase Flux 5 m above Drift Wall as a Function of Permeability
for the Lower-Temperature Operating Mode
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Source: Produced using files from Buscheck 2001 [DIRS 155012].
NOTE: Results for a central location in the potential repository. ks = bulk permeability.

Figure 5.3.1.4.4-3. Liquid Phase Flux 1 m above Drift Wall as a Function of Permeability for the
Higher-Temperature Operating Mode
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NOTE: Results for a central location in the potential repository. ks = bulk permeability. .

Figure 5.3.1.4.4-4. Postclosure Liquid Phase Flux 1 m above Drift Wall as a Function of Permeability for
the Lower-Temperature Operating Mode

TDR-MGR-MD-000007 REV 00 5F-10 June 2001




. No Fractures I 6 Fractures
7 Fractures I 28 Fractures

154_0386.ai

154_0386.ai
Source: Produced using files from Blair 2001 [DIRS 155309].

Figure 5.3.1.4.6-1. Simulations of the Large Block Test
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Source: Produced using files from Blair 2001 [DIRS 155309].
NOTE: Simulated (dashed lines) and observed (solid line) deformation data.

Figure 5.3.1.4.6-2. Comparison of Simulated and Observed Deformation for Borehole WM-2 in the Large
Block Test
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Higher-temperature operating mode drift wall and drip shield temperatures and relative humidities at the
central repository location (Location L5C3) as a function of bulk permeability (ky) for the mean infiltration-flux

scenario.

Figure 5.3.1.4.7-1. Drift Wall and Drip Shield Temperatures and Relative Humidities as a Function of
Bulk Permeability for the Higher-Temperature Operating Mode (Page 1 of 2)
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(e) drift wall (f) drip shield
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Higher-temperature operating mode drift wall and drip shield temperatures and relative humidities at the

central repository location {Location L5C3) as a function of bulk permeability (ku) for the mean infiltration-flux
scenario.

Figure 5.3.1.4.7-1. Drift Wall and Drip Shield Temperatures and Relative Humidities as a Function of
Bulk Permeability for the Higher-Temperature Operating Mode (Page 2 of 2)
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Source: Produced using files from Buscheck 2001 [DIRS 155012].
NOTE: Higher-temperature operating mode invert liquid saturations at the central repository location (Location
L5C3) as a function of bulk permeability (k) for the mean infiltration-flux scenario.

Figure 5.3.1.4.7-2. Invert Liquid Saturations as a Function of Bulk-Permeability for the Higher-
Temperature Operating Mode

SF-15 June 2001
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80_|[llll'! 1 L] Ii[III:I 1 ¥ IIIIIII T TV T TTTH _Illli T T Ililll! T L] 1Il||l! 1 LR R
70 R mean kp|... AN k.. NN A mean Kp|.
—highky | | £ N, i | high kg
860 1 | O kb ...................................... i st | Y k.b
o
9 50 ................................................
=
® 40
2 30
£ 5
& 20 - L neendians R
10 . ; i e R R R T T L Y I PR P, AP A P SR A N S PSP
O-IIIIIII: L L IPlIII:I i L III1IIi ! T - -Illflli L L llIiIII: 1 L Iilllf': ] | -
103 104 10° 108 108 104 108 108
Time (yr) Time (yr)
(c) drift wall (d) drip shield
100_ T T ¥ T LN ISP 0 Y A e~ T e >1—|—rrl
X 80 G B EE e Dl st L i gl G " e R R i N
"2, - -] - ]
Sk e Al N A e e S -
£ 60 1 T .
S E = _
T 5 4 4 E
m 40 LT PETY Y TN R R D PR PRI SRS D IR PET TSR PP PR, - PR USSR SRR o
>k 1 F ]
% B — EAN K| - mean kp|
% 20 Biir i e high kp |7 Bk meseses o Lt e) NGRS high ky |7
[ === low kp |4 = = low kp | -
O_IIIIPI:I L 1 IIIIIJI: L L IIIIIII 1 1 fIJJI-I -IIIJIIJI L Il Illllli Il 1 PIlJlli L 1 Ii]I]T
103 104 105 108 108 10 10° 108
a-d_4B8_allkb T!me (yr) Tlme (yl‘) 154_0534a.ai
164_0534a.ai

Source: Produced using files from Buscheck 2001 [DIRS 155012].

Figure 5.3.1.4.7-3. Drift Wall and Drip Shield Temperatures and Relative Humidities as a Function of
Bulk Permeability for the Lower-Temperature Operating Mode (Page 1 of 2)
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Lower-temperature operating mode drift wall and drip shield temperatures and relative humidities at the
central repository location (Location L5C3) as a function of bulk permeability (k) for the mean infiltration-flux

scenario.

Figure 5.3.1.4.7-3. Drift Wall and Drip Shield Temperatures and Relative Humidities as a Function of
Bulk Permeability for the Lower-Temperature Operating Mode (Page 2 of 2)
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- (a) mean, high, and low k, cases at one invert location
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Source: Produced using files from Buscheck 2001 [DIRS 155012].
NOTE: Lower-temperature operating mode invert liquid saturations at the central repository location (Location
L5C3) as a function of bulk permeability (k) for the mean infiltration-flux scenario.

Figure 5.3.1.4.7-4. Invert Liquid-Saturations as a Function of Bulk Permeability for the Lower-
Temperature Operating Mode
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

Figure 5.3.1.4.8-1. Temperature and Relative Humidity at the Drift Wall and Drip Shield as a Function of
Host-Rock Thermal Conductivity for the Central Repository (L5C3) Location of the
Higher-Temperature Operating Mode and the Mean Infiltration-Flux Scenario
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Source: Produced using files from Buscheck 2001 [DIRS 155012].
Figure 5.3.1.4.8-2. Liquid-Saturation in the Invert as a Function of Host-Rock Thermal Conductivity for

the Central Repository (L5C3) Location of the Higher-Temperature Operating Mode
and the Mean Infiltration-Flux Scenario
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Figure 5.3.1.4.8-3. Temperature and Relative Humidity at the Drift Wall and Drip Shield as a Function of
Host-Rock Thermal Conductivity for the Central Repository (L5C3) Location of the
Lower-Temperature Operating Mode and the Mean Infiltration-Flux Scenario
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Figure 5.3.1.4.8-4. Liquid-saturation in the Invert as a Function of Host-Rock Thermal Conductivity for
the Central Repository (L5C3) Location of the Lower-Temperature Operating Mode
and the Mean Infiltration-Flux Scenario
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Higher-temperature operating mode, drift wall and drip shield temperature and relative humidity at the central
repository location (Location L5C3) as a function of mean, high, and low lithophysal porosity (fin) associated
with appropriate thermal conductivity (Kw) for the mean infiltration-flux scenario.

Figure 5.3.1.4.9-1. Higher-Temperature Operating Mode as a Function of Mean, High, and Low
Lithophysal Porosity (i) for the Mean Infiltration-Flux Scenario _
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Higher-temperature operating mode invert liquid saturations at the central repository location (Location L5C3)
as a function of mean, high, and low lithophysal porosity (fin) associated with appropriate thermal conductivity
(Kt) for the mean infiltration-flux scenario.

Figure 5.3.1.4.9-2. Higher-Temperature Operating Mode Invert Liquid-Saturations as a Function of
Mean, High, and Low Lithophysal Porosity (fii,) for the Mean Infiltration-Flux Scenario
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

NOTE: Lower-temperature operating mode drift wall and drip shield temperatures and relative humidities at the
central repository location (Location L5C3) as a function of mean, high, and low lithophysal porosity {fim)
associated with appropriate thermal conductivity (Ky,) for the mean infiltration-flux scenario.

Figure 5.3.1.4.9-3. Lower-Temperature Operating Mode Drift Wall and Drip Shield Temperatures and
Relative Humidities as a Function of Mean, High, and Low Lithophysal Porosity (fi)
for the Mean Infiltration-Flux Scenario
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Source: Produced using files from Buscheck 2001 [DIRS 155012].

Figure 5.3.1.4.9-4. Lower-Temperature Operating Mode Invert Saturation for the Central Repository
Location (Location L5C3) as a Function of Mean, High and Low Lithophysal Porosity
(fun) Associated with Appropriate Thermal Conductivity (Ky,) for the Mean Infiltration-
Flux Scenario
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Figure 5.3.1.4.10-1. Drift Wall (Crown) Temperature Sensitivity to Invert Thermal Conductivity for the
Higher-Temperature Operating Mode
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Source: Produced using files from Reed 2001 [DIRS 155078). .
Figure 5.3.1.4.10-2. Invert (Lower-Center) Temperature Sensitivity to Invert Thermal Conductivity for the

Higher-Temperature Operating Mode
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Source: Produced using files from Reed 2001 [DIRS 155076).

. Figure 5.3.1.4.10-3. Drift Wall (Crown) Liquid Saturation Sensitivity to Invert Thermal Conductivity for the
Higher-Temperature Operating Mode
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Figure 5.3.1.4.10-4. Invert (Lower-Center) Liquid Saturation Sensitivity to Invert Thermal Conductivity for
the Higher-Temperature Operating Mode
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Figure 5.3.1.4.10-5. Drip Shield (Top) Relative Humidity Sensitivity to Invert Thermal Conductivity for the
Higher-Temperature Operating Mode
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Source: Produced from information in BSC 2001 [DIRS 154864] and BSC 2001 [DIRS 155010].

NOTE: Two sets of parameters are shown that can meet the lower-temperature operating mode goal. Black dots
represent values of design and operating parameters which, when combined, result in the peak waste
package temperatures shown. Lines through the black dots represent three combinations of parameters

being evaluated during the SR time period. HTOM = higher-temperature operating mode; PA = performance
assessment base case; ENG = engineering evaluations.

Figure 5.3.1.4.11-1. Design and Operating Mode Parameters Used to Meet Peak Waste Package
Temperature Goals
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NOTE: Temperature and relative humidity (RH) when the waste package temperature (Tup) is 85°C considering
repository footprint, infiltration flux map, and variability among waste packages. LTOM-PA = lower-
temperature operating mode used in the performance assessment base case. CCDF = complementary
cumulative distribution function.
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Figure 5.3.1.4.11-2. Waste Package Temperatures and Relative Humidity for Two Methods of Archiving
the Lower-Temperature Operating Mode
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Source: Produced using files from Buscheck 2001 [DIRS 155243].

NOTE: Figure depicts three lower-temperature operating mode cases using the multiscale thermal-hydrologic model
at the L5C3 location in the footprint of the potential repository. LTOM = lower-temperature operating mode.

Figure 5.3.1.4.11-3. Temperature and Relative Humidity Histories at the Waste Package Surface for
Three Lower-Temperature Operating Mode Designs
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Source: Produced using files from Dunn 2001 [DIRS 155308].

NOTE: Similar patterns are expected to develop above and below the drip shield.

Figure 5.3.2-1. Air Flow Pattern in a Prediction of a Quarter-Scale Test of In-Drift Convection
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Source: Adapted from CRWMS M&O 2001 [DIRS 154771], p.48.

Figure 5.3.2-2. Three-Dimensional Air Flow in a Closed Emplacement Drift
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. Figure 5.3.2.3-1. Numerical Mesh Used in the Line-Source Drift-Scale Thermal-Hydrologic Submodels
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Source: CRWMS M&O 2000 [DIRS 1209083], Figure 4.

Figure 5.3.2.4.1-1. Wall Temperature During Continuous Ventilation at 10 m%s
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Source: CRWMS M&O 2000 [DIRS 120903], Figure 7.

Figure 5.3.2.4.1-2. Wall Temperature During Continuous Ventilation at 15 m*/s
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Source: CRWMS M&O 2000 [DIRS 120903], Figure 5.

Figure 5.3.2.4.1-3. Air Temperature During Continuous Ventilation at 10 m%s
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Source: CRWMS M&O 2000 [DIRS 120903}, Figure 8.

Figure 5.3.2.4.1-4. Air Temperature During Continuous Ventilation at 15 m%/s
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Source: CRWMS M&QO 2000 [DIRS 120903], Figure 9.

Figure 5.3.2.4.1-5. Heat Removed During Continuous Ventilation at 10 m¥s
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Source: CRWMS M&O 2000 [DIRS 120903], Figure 9.

Figure 5.3.2.4.1-6. Heat Removed During Continuous Ventilation at 15 m%/s
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Source: BSC 2001 [DIRS 155025], Figure 10.
NOTE: MULTIFLUX Results.

Figure 5.3.2.4.1-7. Wall Temperature During Continuous Ventilation of 10 m*/s
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Source: BSC 2001 [DIRS 155025], Figure 14.
NOTE: MULTIFLUX Results.

. Figure 5.3.2.4.1-8. Wall Temperature During Continuous Ventilation of 15 m%/s
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Source: BSC 2001 [DIRS 155025], Figure 11
NOTE: MULTIFLUX Results.

Figure 5.3.2.4.1-9. Airflow Temperature During Continuous Ventilation of 10 m*/s
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Source: BSC 2001 [DIRS 155025], Figure 15.
NOTE: MULTIFLUX Results.

Figure 5.3.2.4.1-10. Airflow Temperature During Continuous Ventilation of 15 m¥/s
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Source: BSC 2001 [DIRS 155025], Figure 12.
NOTE: MULTIFLUX Results.

Figure 5.3.2.4.1-11. Heat Removed During Continuous Ventilation of 10 m*/s

g Lj .

2

TDR-MGR-MD-000007 REV 00 5F-46 June 2001




T 1 . . T

“Total WP Heat in a Drift

Heat Removal by Ventilation |- : B

93.80% for 50 years

L ..'.<‘. - i H forvn 95 .44% for 100 years : R, -
: : : 96.86% for 200 years

£ o o2 ] =l [e:]
T e

Heat Flux (Watt)

S R M .. Sensible Heat Removal by Ventiation .
2 b e e e e e e e R e e e L L -4
T8 SIS SIS S O SO _

o

0 20 40 60 80 100 120 140 180 180 200
Ventilation Time (Year)

154_0306.ai
Source: BSC 2001 [DIRS 155025], Figure 16.
NOTE: MULTIFLUX Results.

Figure 5.3.2.4.1-12. Heat Removed During Continuous Ventilation of 15 m%/s
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Source: BSC 2001 [DIRS 155025], Figure 13.
NOTE: MULTIFLUX Results.

Figure 5.3.2.4.1-13. Relative Humidity During Continuous Ventilation of 10 m®/s
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Source: BSC 2001 [DIRS 155025], Figure 17.
NOTE: MULTIFLUX Results.

. Figure 5.3.2.4.1-14. Relative Humidity During Continuous Ventilation of 15 m*/s
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Source: Produced using files from Leem 2001 [DIRS 154996].

NOTE: HTOM = higher-temperature operating mode; LTOM = lower-temperature operating mode.

Figure 5.3.2.4.2-1. Time-Dependent Ventilation Efficiencies for the Higher- and Lower-Temperature
Operating Modes
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. Source: Produced using files from Leem 2001 [DIRS 154996].
NOTE: WP = waste package.

Figure 5.3.2.4.2-2. Time History of Heat Available to Enter the Near-Field Rock for the
Higher-Temperature Operating Mode Ventilation Cases
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Source: Produced using files from Leem 2001 [DIRS 154998].

NOTE: Temperature histories presented as a function of ventilation efficiency.

Figure 5.3.2.4.2-3. Drip Shield Top Temperature Histories for the Higher-Temperature Operating Mode
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NOTE: Temperature histories presented as a function of ventilation efficiency.

Figure 5.3.2.4.2-4. Drift Wall Crown Temperature Histories for the Higher-Temperature Operating Mode
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Source: Produced using files from Leem 2001 [DIRS 154998].

NOTE: Relative humidity histories presented as a function of ventilation efficiency.

Figure 56.3.2.4.2-5. Drip Shield Top Relative Humidity Histories for the Higher-Temperature Operating
Mode
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