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ATTACHMENT XIII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 12: HF7TN3C8

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m>/s from 0 to 75 years and a natural ventilation air flow rate of 3 m’/s from 75 to 300 years.

Ventilation efficiency is calculated for up to 300 years. All data presented in this attachment are
obtained from DTN: MO0010MWDANS03.005. '

Table Xill-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m*/s (0-75 Years), and 3 m*/s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End {(m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 25.22 2522 25.22 2522 25.22
1.00 46.13 49.92 53.10 55.75 57.97 59.83
5.00 45.44 51.65 57.34 62.51 67.16 71.37
10.00 43.77 49.80 55.63 61.24 66.61 71.70
15.00 42.19 47.78 53.26 58.62 63.84 68.91
20.00 40.86 46.04 51.14 56.14 61.04 65.85
26.00 39.42 44.21 48.91 53.56 58.13 62.61
30.00 38.54 42.99 47.39 51.71 55.98 60.17
40.00 36.70 40.74 4475 48.71 52.63 56.50
50.00 35.20 38.75 42.29 45.82 49.33 52.83
60.00 34.02 37.16 40.30 43.44 46.57 49.69
70.00 33.06 35.87 38.68 41.49 44.30 47.11
75.00 3263 35.24 37.84 40.43 43.01 45.58
80.00 4584 50.30 54.19 57.65 60.79 63.67
90.00 47.47 53.82 59.33 64.14 68.37 72.12
* 100.00 46.29 52.90 58.87 64.25 69.09 73.44
125.00 4425 50.63 56.55 62.01 67.04 - 71.65
150.00 41.90 47.79 53.33 58.54 63.42 67.97
200.00 39.55 44 .85 49.93 54.77 59.37 63.74
250.00 38.08 42.87 47.50 51.94 56.24 60.35
300.00 37.03 41.45 45.75 49.90 53.90 57.77
Source: DTN: MOO010MWDANS03.005
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Table XIli-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m*/s (0-75 Years), and 3 m/s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.88 33.97 37.39 40.25 42.64 4464
5.00 32.05 38.53 44 .44 49.79 54.62 58.95
10.00 31.61 38.04 44.25 50.22 55.90 61.27
15.00 31.06 37.02 42.86 48.57 54.14 59.55
20.00 30.58 36.08 4149 46.80 52.02 57.14
26.00 30.13 35.18 -40.17 45.09 49.93 54.70
30.00 29.74 34.43 39.05 43.61 48.11 5255
40.00 29.29 33.55 37.77 4195 46.08 50.17
50.00 28.73 32.46 36.19 39.90 43.60 47.28
60.00 28.28 31.57 34.85 38.14 41.42 44.70
70.00 27.92 30.84 33.77 36.70 39.63 42.56
75.00 27.69 30.37 33.05 35.72 38.39 41.06
80.00 31.02 36.12 40.54 44 .44 47.94 51.16
90.00 33.69 41.17 47.62 53.21 58.10 62.40
100.00 33.69 41.55 48.62 54.96 60.63 65.70
125.00 33.03 40.48 47.36 53.70 59.51 64.83
150.00 32.14 38.90 4527 51.25 56.84 62.05
200.00 31.20 37.17 42.88 48.33 53.52 58.43
250.00 30.44 35.72 40.84 45.77 50.52 55.08
300.00 2994 34.75 39.42 43.94 48.33 52.56
Source: DTN: MOO01O0MWDANS(03.005
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Table XlII-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations during
Ventilation for 1.45 kW/m, 15 m°/s (0-75 Years), and 3 m*/s (75-300 Years) (Drift Spacing =81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.02 68.02 68.02 68.02 68.02
1.00 74.51 77.86 80.67 83.03 85.00 86.65
5.00 71.27 76.70 81.70 86.26 90.37 94.10
10.00 67.48 72.76 77.91 82.89 87.68 92.24
15.00 64.11 69.05 73.92 78.70 83.38 87.95
20.00 61.25 65.87 70.43 74.92 79.34 83.69
26.00 58.14 62.45 66.70 70.90 75.05 79.14
30.00 56.25 60.27 64.26 68.19 72.08 75.92
40.00 52.18 55.88 59.56 63.21 66.83 70.41
50.00 48.85 52.13 55.41 58.69 61.96 65.22
60.00 46.17 49.10 52.03 54.96 57.90 60.83
70.00 43.97 46.61 49.25 51.90 54.55 57.20
75.00 42.99 45.44 47.89 50.33 52.77 55.20
80.00 57.06 61.26 64.91 68.16 71.10 73.81
90.00 57.35 63.40 68.64 73.23 7727 80.85
100.00 55.41 61.71 67.42 72.57 77.22 81.39
125.00 52.23 58.35 64.03 69.28 7412 78.57
150.00 48.75 54.42 59.77 64.81 69.53 73.95
200.00 45.31 50.44 55.37 60.07 64.54 68.80
250.00 43.19 47.84 52.33 56.66 60.85 64.86
300.00 41.67 45.98 50.16 54.20 58.11 61.89
Source: DTN: MO0010MWDANS03.005
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Table XIl-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m, 15 m%/s
(0-75 Years), and 3 m%/s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.80 35.80 35.80 35.80 35.80
1.00 67.58 56.52 47.28 39.54 33.07 27.66
5.00 97.57 89.60 81.73 74.09 66.79 59.96
10.00 91.39 88.99 86.00 82.48 78.58 74.41
15.00 83.89 82.39 80.79 79.00 77.04 74.86
20.00 77.25 76.03 74.82 73.55 72.21 70.81
26.00 70.92 69.98 69.01 68.02 67.00 65.94
30.00 65.62 64.80 63.96 63.12 62.26 61.38
40.00 59.35 58.88 58.38 57.82 57.23 56.59
50.00 51.62 51.61 51.53 51.39 51.17 50.90
60.00 45.41 45.44 4546 4545 45.40 45.32
70.00 40.40 40.45 40.49 40.51 40.52 40.51
75.00 37.16 37.11 37.05 37.01 36.96 36.91
80.00 15.71 13.32 11.52 10.17 9.15 8.38
90.00 2267 19.51 16.83 14.60 12.75 11.23
100.00 22.67 20.52 18.46 16.54 14.79 13.23
125.00 20.94 19.44 17.96 16.53 15.17 13.87
150.00 18.63 17.63 16.62 15.60 14.60 13.61
200.00 16.18 15.56 14 .91 14.23 13.53 12.82
250.00 14.19 13.79 13.35 12.88 12.39 11.89
300.00 12.88 12.54 12.19 11.81 11.44 11.04
Source: DTN: MO0O010MWDANS03.005
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Table XliI-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m’/s
(0-75 Years), and 3 m*/s (75-300 Years) (Drift Spacing = 81 m)

Rawor | Averge | Rmeor | Aege |
Time %, of Heat Gen:raatte d Heat Generated Time Re'r.:f\te d Heat Removed
(year) Decay | her 600m (:Z:%':;::’ pe:(i:;))()m (vear) | per600m l;::né:’\ge'g pe:;j;)m
| W) W i
1.0E-4 100.00% 870.00 870.00 274 1.0E4 214.82 107.41 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 243.24 7670.07
5.00 87.93% 764.96 804.40 | 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 | 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 | 103973.79 15.00 477.97 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 44467 461.32 72740.48
26.00 59.89% 521.01 548.62 | 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 45393 | 143151.62 40.00 348.25 364.69 | 115009.73
50.00 41.94% 364.89 39229 |123711.69 50.00 308.23 328.24 103513.19
60.00 36.88% 320.81 342.85 | 10812188 60.00 27248 290.35 91565.99
70.00 32.81% 285.42 303.12 95590.81 70.00 242.88 257.68 81262.48
75.00 31.03% 26993 L 277.67 43783.66 75.00 22220 232.54 36667.50
80.00 29.47% 256.40 27091 85434.15 80.00 68.25 155.57 49059.34
90.00 26.76% 232.84 244 .62 77142.91 90.00 97.60 82.92 26150.77
100.00 24.52% 213.32 223.08 70349.62 100.00 106.20 101.90 32134.84
125.00 21.21% 184.50 198.91 156819.84 | 125.00 103.93 105.06 82831.08
150.00 17.89% 155.68 170.08 | 134098.48 | 150.00 96.69 100.31 79082.02
200.00 14.85% 129.19 142.43 224589.03 200.00 87.23 91.96 144999.01
250.00 13.03% 113.33 121.26 | 191201.22 | 250.00 78.49 82.86 130649.44
300.00 11.76% 102.34 107.84 170036.07 300.00 71.91 75.20 118577.58
Total heat generated in 75 years (GJ) 1123999.12| Total heat removed in 75 years (GJ) | 839930.78
Total heat generated in 100 years (GJ) 1356925.79| Total heat removed in 100 years (GJ) | 947275.73
Total heat generated in 300 years (GJ) 2233670.43| Total heat removed in 300 years (GJ) |{1503414.86
Percentage of total heat removal in 75 years = 75%
Percentage of total heat removal in 100 years = 70%
Percentage of total heat removal in 300 years = 67%

Source: DTN: MOOO10MWDANS(03.005
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Temperatures
(Degree C)

Average Drift Wall Temperatures
LL=1.45 kW/m; DS=81m; FV=15m3/s (0-75Yrs); NV=3 m%/s (75-300Yrs)
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Note: LL=lInitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XlII-1, p. Xil{-2.
Figure XHI-1. Average Drift Wall Temperatures for Case 12: HF7N3C8
' Average Air Temperatures
f L =1.45 kW/m; DS=81m; FV=15m>/s (0-75Yrs}; NVv=3 m3/s (75-300Yrs)
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Note: LL=tnitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XliI-2, p. X{lI-3.
Figure XHI-2. Average Air Temperatures for Case 12: HF7N3C8
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Temperatures
(Degree C)

Average WP Surface Temperatures
LL=1.45 kW/m; DS=81m; FV=15m%s (0-75Yrs); NV=3 m3/s (75-300Yrs)
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Note:

LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XliI-3, p. Xlli-4.

Figure XIII-3. Average Waste Package Surface Temperatures for Case 12: HF7N3C8
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XlIl-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
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Ventilation Efficiency
LL=1.45kW/m, DS=81m, FV=15m¥s (0-75Yrs), NvV=3m¥s (75-300Yrs)
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure Xill-5. Average Heat Removal Rates at Different Drift Segments for Case 12: HF7N3C8
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Ventilation Efficiency
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Figure XIll-6. Overall Heat Generation and Removal Rates at Different Time for Case 12: HF7N3C8
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ATTACHMENT XIV

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 13: HF7N5CS8

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m*/s from 0 to 75 years and a natural ventilation air flow rate of 5 m*/s from 75 to 300 years.

Ventilation efficiency is calculated for up to 300 years. All data presented in this attachment are
obtained from DTN: MOO010MWDANSO03.005.

Table XIV-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m*/s (0-75 Years), and 5 m¥/s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 2522 2522 25.22 25.22 2522
1.00 46.13 49.92 53.10 55.75 57.97 59.83
5.00 4544 51.65 57.34 62.51 67.16 71.37
10.00 43.77 49.80 55.63 61.24 66.61 71.70
15.00 42.19 47.78 53.26 58.62 63.84 68.91
20.00 40.86 46.04 51.14 56.14 61.04 65.85
26.00 39.42 44.21 48.91 53.56 58.13 62.61
30.00 38.54 42.99 47.39 51.71 55.98 60.17
40.00 36.70 40.74 4475 48.71 52.63 56.50
50.00 35.20 38.75 42.29 45.82 49.33 52.83
60.00 34.02 37.16 40.30 43.44 46.57 49.69
70.00 33.06 35.87 38.68 41.49 44.30 47.11
75.00 32.63 35.24 37.84 40.43 43.01 45.58
80.00 40.84 44.68 48.19 51.42 54.44 57.28
90.00 40.94 45.89 50.42 54.55 58.35 61.86
100.00 39.92 44.83 49.47 53.85 57.96 61.82
125.00 38.27 42.87 47.30 51.55 55.62 - 59.50
150.00 36.50 40.64 44 .68 48.60 52.41 56.10
200.00 34.76 38.39 41.98 45.50 48.97 52.36
250.00 33.70 36.91 40.10 43.25 46.37 49.45
L 300.00 32.94 35.87 38.77 41.64 44.50 47.31
Source: DTN: MO0010MWDANS03.005
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Table XIV-2. Average Alr Temperatures (°C) at leferent Time and Locations during Ventilation for
1.45 kW/m, 15 m¥/s (0-75 Years), and 5 m%s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 2759
1.00 29.88 33.97 37.39 40.25 42.64 44 64
5.00 32.05 38.53 44 .44 49.79 54.62 58.95
10.00 31.61 38.04 44.25 50.22 55.90 61.27
15.00 31.06 37.02 42.86 48.57 54.14 59.55
20.00 30.58 36.08 41.49 46.80 52.02 57.14
26.00 30.13 35.18 40.17 45.09 49.93 54.70
30.00 29.74 34.43 39.05 43.61 48.11 52.55
40.00 29.29 33.55 37.77 - 41.95 46.08 50.17
50.00 28.73 32.46 36.19 39.90 43.60 47.28
60.00 28.28 31.57 34.85 38.14 41.42 4470
70.00 27.92 30.84 33.77 36.70 39.63 42.56
75.00 27.69 30.37 33.05 35.72 38.39 41.06
80.00 29.65 33.82 37.61 41.10 44.34 47.40
90.00 31.01 36.47 4143 45.96 50.11 53.92
100.00 30.79 36.27 41.45 46.30 50.85 55.10
125.00 30.28 35.37 40.26 4495 49.42 53.69
150.00 29.63 34.16 38.58 42.88 47.05 51.08
200.00 28.97 32.90 36.78 40.60 44.35 48.02
250.00 28.44 31.87 35.27 38.65 41.99 45.29
300.00 28.10 31.18 3424 37.29 40.30 43.29
Source: DTN: MOOO10MWDANS03.005
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Table XIV-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations during
Ventilation for 1.45 kW/m, 15 m®s (0-75 Years), and 5 m%/s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.02 68.02 68.02 68.02 68.02
1.00 74.51 77.86 80.67 83.03 85.00 86.65
5.00 71.27 76.70 81.70 86.26 90.37 94.10
10.00 67.48 72.76 77.91 82.89 87.68 92.24
15.00 64.11 69.05 73.92 78.70 83.38 87.95
20.00 61.25 65.87 70.43 74.92 79.34 83.69
26.00 58.14 62.45 66.70 70.90 75.05 79.14
30.00 56.25 60.27 64.26 68.19 72.08 75.92
40.00 52.18 55.88 59.56 63.21 66.83 70.41
50.00 48.85 52.13 55.41 58.69 61.96 65.22
60.00 46.17 49.10 52.03 54.96 57.90 60.83
70.00 43.97 46.61 49.25 51.90 54 .55 57.20
75.00 42.99 45.44 47.89 50.33 52.77 55.20
80.00 51.83 55.45 58.75 61.79 64.63 67.30
90.00 50.79 55.51 59.81 63.75 67.37 70.72
100.00 49.01 53.69 58.12 62.31 66.24 69.94
125.00 46.23 50.63 54.88 58.96 62.87 66.61
150.00 43.30 47.29 51.18 54.96 58.65 62.21
200.00 40.47 43.98 47.46 50.88 54.24 57.53
250.00 38.75 41.86 44 .96 48.03 51.07 54.06
300.00 37.53 40.38 43.20 46.00 48.78 51.53
Source: DTN: MO0010MWDANS03.005
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Table XIV-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m, 15 m°/s
(0-75 Years), and 5 m*/s (75-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00- 0.00
1.00E-04 35.80 35.80 35.80 35.80 35.80 35.80
1.00 67.58 56.52 47.28 39.54 33.07 27.66
5.00 97.57 89.60 81.73 74.09 66.79 59.96
10.00 91.39 88.99 86.00 82.48 78.58 74.41
15.00 83.89 82.39 80.79 79.00 77.04 74.86
20.00 77.25 76.03 74.82 73.55 72.21 70.81
26.00 70.92 69.98 69.01 68.02 67.00 65.94
30.00 65.62 64.80 63.96 63.12 62.26 61.38
40.00 69.35 58.88 58.38 57.82 57.23 56.59
50.00 51.62 51.61 51.53 51.39 51.17 50.90
60.00 4541 45.44 45.46 45.45 45.40 45.32
70.00 40.40 40.45 40.49 40.51 40.52 40.51
75.00 37.16 37.11 37.05 37.01 36.96 36.91
80.00 20.64 ‘18.49 16.79 15.46 14.40 13.56
90.00 26.63 24.21 22.02 20.08 18.39 16.91
100.00 25.65 2433 22.94 21.53 20.15 18.84
125.00 23.40 2257 21.69 20.79 19.86 18.91
150.00 20.52 20.09 19.60 19.06 18.49 17.88
200.00 17.59 17.43 17.21 16.94 16.63 16.29
250.00 15.25 15.19 15.10 14.97 14.82 14.63
300.00 13.74 13.67 13.58 13.48 13.38 13.26
Source: DTN: MO0O010MWDANS03.005
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Table XIV-5. Calculation of Overall Ventitation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m°/s
(0-75 Years), and 5 m*/s (75-300 Years) (Drift Spacing = 81 m)

Rateof | L2070 | heat Rateof | ‘L070F | Heat
Time % of Heat | anerated Heat Generated Time Removed Heat Removed
(year) Decay per 600m Generated | per 600m (year) per 600m Removed | per 600m
(kW) per 600m (GJ) (kW) per 600m (GJ)
(kW) (kW)
1.0E4 100.00% 870.00 870.00 2.74 1.0E4 214.82 107.41 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 24324 7670.07
5.00 87.93% 764.96 804.40 | 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 [ 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 | 103973.79 15.00 477.97 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 444.67 461.32 72740.48
26.00 59.89% 521.01 548.62 | 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 45393 | 143151.62 40.00 348.25 364.69 | 115009.73
50.00 41.94% 364.89 39229 | 123711.69 50.00 308.23 328.24 | 103513.19
60.00 36.88% 320.81 342.85 | 108121.88 60.00 272.48 290.35 91565.99
70.00 32.81% 285.42 303.12 95590.81 70.00 242.88 257.68 81262.48
75.00 31.03% 269.93 277.67 43783.66 75.00 222.20 232.54 36667.50
80.00 29.47% 256.40 270.91 85434.15 80.00 99.33 171.11 53959.86
90.00 26.76% 232.84 244 62 77142.91 90.00 128.24 113.78 35882.60
100.00 24.52% 213.32 223.08 70349.62 100.00 133.44 130.84 41261.99
125.00 21.21% 184.50 198.91 156819.84 | 125.00 127.21 130.33 | 102748.97
150.00 17.89% 155.68 170.09 | 134098.48 | 150.00 115.64 121.43 95732.41
200.00 14.85% 129.19 142.43 22458903 200.00 102.09 108.87 171660.16
250.00 13.03% 113.33 121.26 | 191201.22 | 250.00 89.97 96.03 151417.80
300.00 11.76% 102.34 107.84 | 170036.07 | 300.00 81.11 85.54 134882.34
Total heat generated in 75 years (GJ) 1123999.12] Total heat removed in 75 years (GJ) | 839930.78
Total heat generated in 100 years (GJ) 1356925.79| Total heat removed in 100 years (GJ)| 971035.23
Total heat generated in 300 years (GJ) 2233670.43 Total heat removed in 300 years (GJ) | 1627476.91
Percentage of total heat removal in 75 years = 75%
Percentage of total heat removal in 100 years = 72%
Percentage of total heat removal in 300 years = 73%
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} Average Drift Wall Temperatures
LL=1.45 kW/m; DS=81m; FV=15m3/s (0-75Yrs); NV=5 m?¥/s (75-300Yrs)

Temperatures
(Degree C)

300 400 :
500 600

Distance from Air-intake End of Drift (m)

Note: LL=initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XIV-1, p. XIV-2.

Figure XIV-1. Average Drift Wall Temperatures for Case 13: HF7N5C8

1

Average Air Temperatures
LL=1.45 kW/m; DS=81m; FV=15m?¥s (0-75Yrs); NV=5 m3/s (75-300Yrs)

Temperatures
(Degree C)

, Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation: NV=Natural Ventilation.
For obliterated numbers, see Table XIV-2, p. XIV-3.

Figure XIV-2. Average Air Temperatures for Case 13: HF7N5C8
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Average WP Surface Temperatures
LL=1.45 kW/m; DS=81m; FV=15m3/s (0-75Yrs); NV=5 m3/s (75-300Yrs)

20 Time (Year)
10

Temperatures
(Degree C)

100 200 -

400 500

Distance from Air-intake End of Drift (m)

Note: Li=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XIV-3, p. XIV-4.

Figure XIV-3. Average Waste Package Surface Temperatures for Case 13; HF7N5C8

Drift Wall and WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15m3s (0-75Yrs); NV=5m?/s (75-300Yrs)
200
!
| !
— : — WP Surface (90C@500Yrs) i
o : ! 1
o 150 S
T — Drift Walt (87C@500Yrs) ;
o ¢
[4)
a
‘é 100
2 . S ————
e K/_‘ ;
2 T ' |
— :
g 50 \J/— i
-
0
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XIV-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 13: HF7N5C8
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Ventilation Efficiency
LL=1.45kW/m, DS=81m, FV=15m¥s (0-75Yrs), NV=5m?¥s (75-300Yrs)
100%
i
80%
2 [ Y
® 60%
>
°
£
Q L .
©  40%
s Average Ventilation Efficlency: —=— 75 Yrs
T 75%over 75 Yrs
! —o— 100 Yrs
20% 72% over 100 Yrs
73%over 300 Yrs - —a— 300 Yrs
0% L
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=D0rift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XIV-5. Average Heat Removal Rates at Different Drift Segments for Case 13: HF7N5C8

L}

Ventilation Efficiency
LL=1.45kW/m, DS=81m, FV=15m?s (0-75Yrs), NV=5ms (75-300Yrs)
1000 l
| l |
Average Ventilation Efficlency:
75% over 75 Yrs '
750 |. 72% over 100 Yrs
A 73% over 300 Yrs .
L |
5 500 I
2 - — Heat Generation Rate
o
o
— Heat Removal Rate
250 S i ‘ %
i i
z \/ I |
i S S ——
| o L L , . : )
! 0 50 100 150 200 250 300 -
: 1
‘ Time (Year) 1

Note: LL=lnitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XIV-6. Overall Heat Generation and Removal Rates at Different Time for Case 13: HF7N5C8
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"ATTACHMENT XV

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 14: HFSN3VS§
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ATTACHMENT XV
TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 14: HFSN3V8

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m’/s from 0 to 50 years and natural ventilation air flow rates of 3 m’/s from 50 to 100 years
and 1.5 m*/s from 100 to 300 years. Ventilation efficiency is calculated for up t0.300 years. All
data presented in this attachment are obtained from DTN: MO0010MWDANS03.005.

Table XV-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m®/s (0-50 Years), 3 m*/s (50-100 Years), and 1.5 m%/s (100-300 Years) (Drift
Spacing = 81 m)

Time (Year) Location Measured from Air-intake End (m)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 25.22 2522 25.22 25.22 25.22
1.00 46.13 49.92 53.10 55.75 5797 . 59.83
5.00 45.44 51.65 57.34 62.51 67.16 71.37
10.00 43.77 49.80 55.63 61.24 66.61 71.70
15.00 42.19 47.78 53.26 58.62 63.84 68.91
20.00 40.86 46.04 51.14 56.14 61.04 65.85
26.00 39.42 44.21 48.91 53.56 58.13 62.61
30.00 38.54 42.99 47.39 51.71 55.98 60.17
40.00 36.70 40.74 4475 48.71 52.63 56.50
50.00 35.20 38.75 42.29 45.82 49.33 52.83
60.00 52.38 58.24 63.32 67.80 71.84 75.52
70.00 52.57 60.53 67.43 7343 78.70 83.35
80.00 50.58 58.56 65.79 72.31 78.16 83.42
90.00 48.79 56.40 63.41 69.84 75.73 81.12
100.00 47 .24 54.47 61.17 67.38 73.13 78.43
125.00 53.31 61.15 67.98 73.99 79.35 . 84.16
150.00 51.00 59.40 66.69 73.06 78.64 83.57
200.00 48.01 56.07 63.28 69.70 75.41 80.49
250.00 46.04 53.60 60.48 66.72 72.36 77.44
300.00 44 .57 51.74 58.33 64.36 69.86 74.87

Source: DTN: MOO0O10MWDANS03.005
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Table XV-2. Average Air Temperatures
1.45 kW/m, 15 m’/s (0-50 Years), 3 m

§°C) at Different Time and Locations during Ventilation for
Is (50-100 Years), and 1.5 m*/s (100-300 Years) (Drift

Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.88 33.97 37.39 40.25 42.64 44.64
5.00 32.05 38.53 44 .44 49.79 54.62 58.95
10.00 31.61 38.04 44.25 50.22 55.90 61.27
15.00 31.06 37.02 42.86 48.57 54.14 59.55
20.00 30.58 36.08 41.49 46.80 52.02 57.14
26.00 30.13 35.18 40.17 45.09 49.93 54.70
30.00 29.74 34.43 39.05 43.61 48.11 52.55
40.00 29.29 33.55 37.77 41.95 46.08 50.17
50.00 28.73 32.46 36.19 39.90 43.60 47.28
60.00 32.88 39.58 45.39 50.53 55.15 59.38
70.00 35.94 45.39 53.55 60.63 66.81 72.24
80.00 35.51 ,45.06 53.68 61.42 68.35 74.55
90.00 34.75 43.76 52.05 59.66 66.62 72.97
100.00 34.08 42.53 50.38 57.65 64.38 70.59
125.00 36.34 46.06 54.52 61.97 68.61 74.57
150.00 37.02 47.39 56.35 64.13 70.93 76.91
200.00 35.81 45.52 54.18 61.88 68.71 74.76
250.00 34.70 43.59 51.69 59.03 65.67 71.65
300.00 33.93 42.19 49.79 56.77 63.15 68.96
Source: DTN: MO0O010MWDANS03.005
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Table XV-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations during
Ventilation for 1.45 kW/m, 15 m®/s (0-50 Years), 3 m*/s (50-100 Years), and 1.5 m¥/s (100-300 Years)
(Drift Spacing = 81 m)

’ Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.02 68.02 68.02 68.02 68.02
1.00 74.51 77.86 80.67 83.03 85.00 86.65
5.00 71.27 76.70 81.70 86.26 90.37 94.10
10.00 67.48 72.76 77.91 82.89 87.68 92.24
15.00 64.11 69.05 73.92 78.70 83.38 87.95
20.00 61.25 65.87 70.43 74.92 79.34 83.69
26.00 58.14 62.45 66.70 70.90 75.05 79.14
30.00 56.25 60.27 64.26 68.19 72.08 75.92
40.00 52.18 55.88 59.56 63.21 66.83 70.41
50.00 48.85 52.13 55.41 58.69 61.96 65.22
60.00 65.54 70.98 75.69 79.86 83.61 87.04
70.00 64.13 71.61 78.13 83.80 88.78 93.19
80.00 61.09 ‘68.63 75.48 81.67 87.25 92.27
90.00 58.47 65.69 72.35 78.48 84.11 89.27
100.00 56.22 63.10 69.49 7543 80.93 86.03
125.00 61.20 68.71 75.26 81.04 86.19 90.83
150.00 57.72 65.83 72.90 79.06 84.47 89.25
200.00 53.67 61.49 68.50 74.75 80.33 85.28
250.00 51.07 58.42 65.13 71.22 76.73 81.70
300.00 49.15 56.14 62.57 68.46 73.85 78.77
Source: DTN: MO0O010MWDANSO03.005
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Table XV-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m, 15 m®/s
(0-50 Years), 3 m%s (50-100 Years), and 1.5 m*/s (100-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.80 35.80 35.80 35.80 3580
1.00 67.58 56.52 47.28 39.54 33.07 27.66
5.00 97.57 89.60 81.73 74.09 66.79 59.96
10.00 91.39 88.99 86.00 82.48 78.58 74.41
15.00 83.89 82.39 80.79 79.00 77.04 74.86
20.00 77.25 76.03 74.82 73.55 72.21% 70.81
26.00 70.92 69.98 69.01 68.02 67.00 65.94
30.00 65.62 64.80 63.96 63.12 62.26 61.38
40.00 59.35 58.88 58.38 57.82 57.23 56.59
50.00 51.62 51.61 51.53 51.39 51.17 50.90
60.00 20.56 17.49 15.16 13.40 12.06 11.03
70.00 28.55 24 .65 21.30 18.48 16.12 14.17
80.00 27.42 24.93 22.50 20.20 18.08 16.16
90.00 2544 23.51 21.64 19.86 18.16 16.56
100.00 23.70 22.05 20.48 18.97 17.55 16.20
125.00 14.30 12.25 10.66 9.39 8.37 7.51
150.00 15.15 13.06 11.29 9.81 8.57 7.53
200.00 13.63 12.24 10.92 9.70 8.60 7.63
250.00 12.22 11.20 10.21 9.26 8.36 7.53
300.00 11.25 10.41 9.59 8.79 8.04 7.33
Source: DTN: MOOO1O0MWDANS03.005
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Table XV-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m/s
(0-50 Years), 3 m*/s (50-100 Years), and 1.5 m*/s (100-300 Years) (Drift Spacing = 81 m)

Time °%, of Heat Generated Heat Generated Time Removed Heat Removed
(year) Decay | ser 600m Gp:':%r:;ﬁf pe;ci:l))om (year}) | per600m ';:?&;emd pel('::;)m
W 1 aw W 1w
1.0E4 100.00% 870.00 870.00 2.74 1.0E-4 214.82 107.41 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 243.24 7670.07
5.00 87.93% 764.96 804.40 | 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 | 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 | 103973.79 15.00 47797 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 444 .67 461.32 72740.48
26.00 59.89% 521.01 548.62 | 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 453.93 | 143151.62 40.00 348.25 364.69 | 115009.73
50.00 41.94% 364.89 392.29 | 123711.69 50.00 308.23 328.24 103513.19
60.00 36.88% 320.81 342.85 | 108121.88 60.00 89.70 198.96 62745.18
70.00 3281% 285.42 303.12 95590.81 70.00 123.26 106.48 33579.91
80.00 29.47% 256.40 |~ 270.91 85434.15 80.00 129.28 126.27 39821.71
90.00 26.76% 232.84 244 .62 77142.91 90.00 125.18 127.23 40123.27
100.00 24.52% 213.32 223.08 70349.62 100.00 118.95 122.06 38493.67
125.00 21.21% 184.50 198.91 156819.84 | 125.00 62.48 90.71 71518.35
150.00 17.89% 155.68 170.09 | 134098.48 | 150.00 65.42 63.95 50415.54
200.00 14.85% 128.19 14243 | 224589.03| 200.00 62.71 64.06 101016.39
250.00 13.03% 113.33 121.26 | 191201.22 | 250.00 58.79 60.75 95789.35
300.00 11.76% 102.34 107.84 | 170036.07 | 300.00 55.41 57.10 90029.43
Total heat generated in 50 years (GJ) 876502.77 | Total heat removed in 50 years (GJ) | 630434.80
Total heat generated in 100 years (GJ) 1313142.14| Total heat removed in 100 years (GJ} | 845198.54
Total heat generated in 300 years (GJ) 2189886.77 | Total heat removed in 300 years (GJ) | 1253967.61
Percentage of total heat removal in 50 years = 72% ’
Percentage of total heat removal in 100 years = 64%
Percentage of total heat removal in 300 years = 57%

Source: DTN: MOO010MWDANS03.005
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Average Drift Wall Temperatures
LL=1.45KW/m; DS=81m; FV=15m¥/s (0-50Yrs); NV=3 m¥s (50-100Yrs) & 1.5m¥s (100-300Yrs)
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Note: LL=lInitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XV-1, p. XV-2.

Figure XV-1. Average Drift Wall Temperatures for Case 14: HFSN3V8
)

Temperatures
(Degree C)

Average Air Temperatures

Distance from Air-intake End of Drift {(m)

LL=1.45kW/m; DS=81m; FV=15m"/s (0-50Yrs); NV=3 m¥/s (50-100Yrs) & 1.5mP/s (100-300Yrs)

i
1

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
" For obliterated numbers, see Table XV-2, p. XV-3.

Figure XV-2. Average Air Temperatures for Case 14: HFSN3V8
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Average WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15m¥/s (0-50Yrs); NV=3 /s (50-100Yrs) & 1.5o0/s (100-300Yrs)

20 Time (Year)
10

Temperatures
(Degree C)

300 400 500

Distance from Air-intake End of Drift (m)

|

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XV-3, p. XV-4.

Figure XV-3. Average Waste Package Surface Temperatures for Case 14: HFSN3V8

Drift Wall and WP Surface Temperatures |
LL=1.45kW/m; DS=81m; FV=15m¥/s (0-50Yrs); NV=3m¥s (50-100Yrs) & 1.5mP/s (100-300Y rs) :
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Note: LL=initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventitation.

Figure XV-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 14: HFSN3V8
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventifation.

Figure XV-5. Average Heat Removal Rates at Different Drift Segments for Case 14: HF5N3V8
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Figure XV-6. Overall Heat Generation and Removal Rates at Different Time for Case 14: HF5N3V8
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ATTACHMENT XVI

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 15: HFSN5V8

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m*/s from 0 to 50 years and natural ventilation air flow rates of 5 m*/s from 50 to 100 years
and 2.5 m*/s from 100 to 300 years. Ventilation efficiency is calculated for up to 300 years. All
data presented in this attachment are obtained from DTN: MO0O010MWDANS03.005.

Table XVI-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m%/s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m®/s (100-300 Years) (Drift

Spacing = 81 m)

Time (Year) Location Measured from Air-intake End (m)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 25.22 25.22 25.22 2522 2522
1.00 46.13 49.92 53.10 55.75 57.97 59.83
5.00 45.44 51.65 57.34 62.51 67.16 71.37
10.00 43.77 49.80 55.63 61.24 66.61 71.70
15.00 42.19 47.78 53.26 58.62 63.84 68.91
20.00 40.86 46.04 51.14 56.14 61.04 65.85
26.00 39.42 4421 48.91 53.56 58.13 62.61
30.00 38.54 42.99 47.39 51.71 55.98 60.17
40.00 36.70 40.74 4475 48.71 52.63 56.50
50.00 35.20 38.75 42.29 4582 49.33 52.83
60.00 45.39 50.37 54.90 59.06 62.94 66.58
70.00 44.51 50.65 56.26 61.39 66.10 70.44
80.00 42.88 48.79 54.39 59.66 64.62 69.27
90.00 41.50 47.02 52.31 57.37 62.19 66.78
100.00 40.33 45.50 50.48 55.27 59.87 64.26
125.00 45.83 51.67 56.96 | 61.80 66.28 70.45
150.00 43.87 50.19 55.93 61.15 65.91 70.28
200.00 41.43 47.33 52.86 58.03 62.84 67.30
250.00 39.86 4527 50.41 55.29 59.91 64.26
300.00 38.72 43.76 48.58 53.18 57.57 61.75
Source: DTN: MO0O010MWDANS03.005
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Table XVI-2. Average Air Temperatures (°C) at Different Time and Locatlons during Ventilation for

1.45kW/m, 15 m

Spacing =81 m)

/s (0-50 Years), 5 m%s (50-100 Years), and 2.5 m>/s (100-300 Years) (Drift

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.88 33.97 37.39 40.25 42.64 44 64
5.00 32.05 38.53 44 .44 49.79 54.62 58.95
10.00 31.61 38.04 4425 50.22 55.90 61.27
15.00 31.06 37.02 42.86 48.57 54.14 59.55
20.00 30.58 36.08 41.49 46.80 52.02 57.14
26.00 30.13 35.18 40.17 45.09 49.93 54.70
30.00 29.74 34.43 39.05 43.61 48.11 52.55
40.00 29.29 33.55 37.77 41.95 46.08 50.17
50.00 28.73 32.46 36.19 339.90 43.60 47.28
60.00 31.03 36.45 41.39 45.96 50.21 54.22
70.00 3249 39.32 45.54 51.22 56.43 61.21
80.00 31.99 38.63 44 .90 50.81 56.34 61.51
90.00 31.42 37.58 43.49 49.13 54.51 59.62
100.00 30.94 36.66 42.18 47.48 52.56 57.44
125.00 32.51 39.25 45.36 50.97 56.16 60.99
150.00 33.09 40.40 47.02 53.02 58.49 63.50
200.00 32.16 38.91 45.23 51.11 56.57 61.62
250.00 31.34 37.40 43.18 48.67 53.85 58.73
300.00 30.78 36.34 41.67 46.77 51.64 56.27
Source: DTN: MOO0O10MWDANS03.005
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Table XVI-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations during
Ventilation for 1.45 kW/m, 15 m>s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m%/s (100-300 Years)
(Drift Spacing = 81 m)

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.02 68.02 68.02 68.02 68.02
1.00 74.51 77.86 80.67 83.03 85.00 86.65
5.00 71.27 76.70 81.70 86.26 90.37 94.10
10.00 67.48 72.76 77.91 82.89 87.68 92.24
15.00 64.11 69.05 73.92 78.70 83.38 87.95
20.00 61.25 65.87 70.43 7492 79.34 83.69
26.00 58.14 6245 66.70 70.90 75.05 79.14
30.00 56.25 60.27 64.26 68.19 72.08 75.92
40.00 52.18 55.88 59.56 63.21 66.83 70.41
50.00 48.85 52.13 55.41 58.69 61.96 65.22
60.00 58.51 63.14 67.34 71.21 74.83 78.22
70.00 56.18 61.94 67.23 72.07 76.51 80.62
80.00 53.49 59.06 64.35 69.34 74.06 78.48
90.00 51.25 56.48 61.49 66.31 70.90 75.28
100.00 49.35 54.27 59.01 63.58 67.96 7217
125.00 53.89 59.47 64.54 69.18 73.48 77.48
150.00 50.72 56.82 62.37 67.42 72.03 76.26
200.00 47.19 52.91 58.28 63.31 67.98 72.33
250.00 44 .97 50.22 55.23 59.98 64.49 68.73
300.00 43.36 48.27 52.97 57.46 61.75 65.83
Source: DTN: MO0O010MWDANS03.005
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Table XVi-4. Heat Removed (kW) by Ventilation at leferent Time and Locations for 1.45 kWim, 15 m%/s
(0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.80 35.80 35.80 35.80 35.80
1.00 67.58 56.52 47.28 3954 33.07 27.66
5.00 97.57 89.60 81.73 74.09 66.79 59.96
10.00 91.39 88.99 86.00 82.48 78.58 74 41
15.00 83.89 82.39 80.79 79.00 77.04 74.86
20.00 77.25 76.03 74.82 73.55 72.21 70.81
26.00 70.92 69.98 69.01 68.02 67.00 65.94
30.00 65.62 64.80 63.96 63.12 62.26 61.38
40.00 59.35 58.88 58.38 57.82 57.23 56.59
50.00 51.62 51.61 51.53 51.39 51.17 50.90
60.00 26.73 24.05 21.92 20.23 18.88 17.79
70.00 33.22 30.27 27.59 25.19 23.08 21.22
80.00 30.98 29.45 27.83 26.16 24.52 2293
90.00 28.46 '27.33 26.18 25.01 23.84 22.66
100.00 26.34 2538 24.44 23.50 22.56 21.62
125.00 16.19 14.52 13.18 12.09 11.19 10.42
150.00 17.43 15.76 14.27 12.95 11.80 10.79
200.00 15.44 14.55 13.62 12.68 11.77 10.90
250.00 13.66 13.08 12.46 11.83 11.18 10.52
300.00 12.46 11.98 11.49 11.00 10.49 9.98
Source: DTN: MO0010MWDANS03.005
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Table XVI-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m/s
(0-50 Years), 5 m%s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 81 m)

Rﬁ?a:f ARVaetl;aaf)’;3 Heat Rsteea:)f I:Qvai;ag? Heat
Time % of Heat | Generated Heat Generated Time Removed Heat Removed
(year) Decay per 600m Generated | per 600m (year) per 600m Removed | per 600m
(kW) per 600m (GJ) (KW) per 600m (GJ)
(kW) (kW)
1.0E4 100.00% 870.00 870.00 2.74 1.0E4 214.82 107.41 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 243.24 7670.07
5.00 87.93% 764.96 804.40 | 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 | 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 | 103973.79 15.00 477.97 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 444 67 461.32 72740.48
26.00 59.89% 521.01 548.62 | 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 45393 | 143151.62 40.00 348.25 364.69 | 115009.73
50.00 41.94% 364.89 39229 | 123711.69 50.00 308.23 328.24 103513.19
60.00 36.88% 320.81 34285 | 108121.88 60.00 129.58 218.90 69033.77
70.00 32.81% 28542 303.12 95590.81 70.00 160.57 145.08 45751.71
80.00 29.47% 25640 27091 85434.15 80.00 161.87 161.22 50843.16
90.00 26.76% 232.84 24462 77142.91 90.00 153.49 157.68 49725.69
100.00 24.52% 213.32 223.08 70349.62 100.00 143.84 148.67 46883.25
125.00 21.21% 184.50 198.91 156819.84 | 125.00 77.60 110.72 87292.74
150.00 17.89% 155.68 170.09 | 134098.48 | 150.00 83.01 80.30 63310.14
200.00 14.85% 129.19 142.43 224583.03 200.00 78.96 80.98 127693.79
250.00 13.03% 113.33 121.26 191201.22 250.00 72.73 75.84 119591.31
300.00 11.76% 102.34 107.84 170036.07 300.00 67.41 70.07 110488.47
Total heat generated in 50 years (GJ) 876502.77 | Total heat removed in 50 years (GJ) | 630434.80
Total heat generated in 100 years (GJ) 1313142.14 | Total heat removed in 100 years (GJ) | 892672.39
Total heat generated in 300 years (GJ) 2189886.77| Total heat removed in 300 years (GJ) | 1401048.83
Percentage of total heat removal in 50 years = 72%
Percentage of total heat removal in 100 years = 68%
Percentage of total heat removal in 300 years = 64%
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Average Drift Wall Temperatures
i LL=1.45kW/m; DS=81m; FV=15m%/s (0-50Y rs); NV=5mv/s (50-100Yrs) & 2.5m?/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: Li=initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventitation.
For obliterated numbers, see Table XVIi-1, p. XVI-2.

Figure XVI-1. Average Drift Wall Temperatures for Case 15: HF5N5V8

Average Air Temperatures
LL=1.45kW/m; DS=81m; FV=15m¥/s (0-50Yrs); NV=5md/s (50-100Yrs) & 2.5m¥/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Airdntake End of Drift (m)

Note: LL=lInitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVI-2, p. XVI-3.

Figure XVi-2. Average Air Temperatures for Case 15: HF5N5V8
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i Average WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15n/s (0-50Yrs); NV=5m¥s (50-100Yrs) & 2.5m¥/s (100-300Yrs)

Temperatures
(Degree C)

300
400 500

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVI-3, p. XVi-4.

Figure XVI-3. Average Waste Package Surface Temperatures for Case 15: HFSN5V8

Drift Walt and WP Surface Temperatures 1]
LL=1.45kW/m; DS=81rm FV=15m¥s (0-50Yrs); NV=5m¥s (50-100Yrs) & 2.5m¥/s (100-300Yrs) ;
200 3
|
—— WP Surface (500-600m; Peak:96C@668Yrs) ' |
o H — Dnft Wall (500-600m; Peak:94C@728Yrs) :
150 . !
o —— WP Surface (200-300m; Peak:92C@748Yrs) |
§’ Drift Wall (200-300m; Peak:89C@828Yrs) %
a
@ 100
:3: e —
«
3 \/W
E 50 I —
o ~NJ
= :
i
ol ! | 3 |
0 200 400 600 800 1000
Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVI-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 15: HF5N5V8
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVI-5. Average Heat Removal Rates at Different Drift Segments for Case 15: HF5N5V8
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XV1-6. Overall Heat Generation and Removal Rates at Different Time for Case 15: HFSN5V8
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ATTACHMENT XVII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 16: LFSN3V8

)
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ATTACHMENT XVII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 16: LF5N3VS8

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.0 kW/m with a forced ventilation air flow rate of
15 m’/s from 0 to 50 years and natural ventilation air flow rates of 3 m*/s from 50 to 100 years
and 1.5 m*/s from 100 to 300 years. Ventilation efficiency is calculated for up to 300 years. All
data presented in this attachment are obtained from DTN: MO0010MWDANS03.005.

Table XVII-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.0 KW/m, 15 m°s (0-50 Years), 3 m*/s (50-100 Years), and 1.5 m/s (100-300 Years) (Drift

Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 25.23 25.23 2523 25.23 25.23
1.00 39.31 42.36 44 .80 46.85 48.56 49.98
5.00 38.82 43.10 47.07 50.69 53.99 56.97
10.00 37.69 41.81 4581 49.67 53.37 56.90
15.00 36.70 40.53 44.29 47.96 51.55 55.04
20.00 35.78 39.33 42.83 46.27 49.63 52.94
26.00 34.77 38.05 41.28 44.46 47.60 50.68
30.00 34.18 37.22 40.23 43.19 46.11 48.99
40.00 32.95 35.72 38.46 41.18 43.86 46.51
50.00 31.96 34.39 36.81 39.23 41.64 44.04
60.00 43.72 47.75 51.23 54.32 57.08 59.62
70.00 43.90 49.36 54.10 58.24 61.87 65.07
80.00 42.54 48.04 53.01 57.49 61.53 65.15
90.00 41.30 46.53 51.35 55.78 59.84 63.56
100.00 40.23 4520 49.80 54.07 58.03 61.68
125.00 44 42 49.81 54.50 58.64 62.33 65.64
150.00 42.86 48.64 53.66 58.05 61.89 65.28
200.00 40.84 46.39 51.36 55.78 59.72 63.22
250.00 39.48 44.69 49.44 53.74 57.63 61.13
300.00 38.47 43.41 47.95 52.10 55.90 59.36
: Source: DTN: MO0O0O10MWDANSO03.005
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Table XVII-2. Average Air Tem
kW/m, 15 m*/s (0-50 Years), 3 m

geratures (°C) at Different Time and Locations during Ventilation for 1.0
%/s (100-300 Years) (Drift Spacing = 81 m)

/s (50-100 Years), and 1.5 m

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 28.77 31.94 34.60 36.82 38.67 40.23
5.00 29.87 34.41 38.58 42.38 45.83 48.95
10.00 29.55 33.99 38.29 42.43 46.38 50.13
15.00 29.19 33.30 37.33 41.28 45.13 48.87
20.00 28.86 32.66 36.40 40.07 43.68 47.22
26.00 28.53 32.02 35.46 38.86 42.20 4549
30.00 28.26 31.49 34.67 37.81 40.91 43.97
40.00 27.95 30.88 33.79 36.66 39.51 42.33
50.00 27.57 30.14 32.71 35.27 37.82° 40.35
60.00 30.44 35.06 39.07 42.61 45.80 48.71
70.00 32.55 39.07 44.71 49.60 53.87 57.61
80.00 32.26 38.86 44.81 50.16 54.95 59.23
90.00 31.73 37.95 43.68 48.93 53.74 58.13
100.00 31.26 37.08 42.50 47.52 52.16 56.45
125.00 32.82 39.52 45.35 50.49 55.07 59.19
150.00 33.29 40.44 46.63 52.00 56.69 60.81
200.00 32.47 39.17 45.15 5047 55.18 59.36
250.00 31.70 37.84 43.44 48.51 53.10 5722
300.00 31.17 36.87 42.12 46.94 51.35 55.36
Source: DTN: MO0OO1OMWDANS03.005
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Table XVII-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations
during Ventilation for 1.0 kW/m, 15 m%s (0-50 Years), 3 m%s (50-100 Years), and 1.5 m*/s

(100-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 67.93 67.95 67.95 67.95 67.95 67.95
1.00 60.29 63.08 65.36 67.26 68.85 70.18
5.00 57.91 61.82 65.45 68.78 71.82 7457
10.00 55.09 58.86 62.53 66.08 69.50 72.76
15.00 52.79 56.32 59.78 63.17 66.49 69.73
20.00 50.65 53.94 57.18 60.37 63.51 66.59
26.00 48.32 51.37 54.39 57.36 60.30 63.19
30.00 46.96 49.80 52.62 55.39 58.13 60.84
40.00 44.08 46.69 49.28 51.85 54.39 56.91
50.00 41.72 44.03 46.34 48.64 50.94 53.23
60.00 53.58 57.41 60.72 63.65 66.28 68.68
70.00 52.55 57.81 62.38 66.37 69.86 72.94
80.00 50.38 - 55.68 60.48 64.81 68.72 7222
90.00 48.47 53.53 58.19 62.49 66.42 70.02
100.00 46.84 51.65 56.13 60.27 64.11 67.66
125.00 50.32 55.57 60.14 64.16 67.75 70.98
150.00 47.87 53.53 58.45 62.74 66.51 69.83
200.00 45.03 50.48 55.36 59.71 63.59 67.03
250.00 43.18 48.30 52.97 57.21 61.04 64.50
300.00 41.81 46.68 51.15 55.25 58.99 62.41
Source: DTN: MO0O010MWDANS03.005
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Table XVIl-4. Heat Removed (kW) by Ventilation at leferent Time and Locations for 1.0 kW/m, 15 m¥/s
(0-50 Years), 3 m%s (50-100 Years), and 1.5 m*/s (100-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.76 35.79 35.79 35.79 35.79 35.79
1.00 52.14 43.89 36.72 30.72 25.69 21.48
5.00 67.39 62.74 57.69 52.65 47.75 ~43.07
10.00 63.00 61.41 59.48 57.22 54.68 51.94
15.00 57.92 56.89 55.78 54.58 53.27 51.81
20.00 53.41 52.58 51.72 50.84 49.92 48.96
26.00 48.88 48.26 47.61 46.95 46.26 45.54
30.00 45.13 44 .58 44.05 43.47 42.91 42.31
40.00 40.84 40.52 40.19 39.81 39.40 38.98
50.00 35.57 35.56 35.50 35.41 35.25 35.07
60.00 14.18 12.07 10.46 9.24 8.32 7.61
70.00 19.71 17.01 14.71 12.76 1113 9.78
80.00 18.94 17.22 15.54 13.95 12.49 11.17
90.00 17.56 16.23 14.95 13.72 12.54 11.45
100.00 16.34 15.21 14.12 13.09 12.11 11.18
125.00 9.85 8.45 7.35 6.48 5.77 5.18
150.00 10.45 9.01 7.79 6.77 5.91 5.20
200.00 9.41 8.45 7.54 6.70 5.94 5.27
250.00 8.44 7.74 7.05 6.40 5.78 520
300.00 777 7.19 6.62 6.07 5.55 5.06
Source: DTN: MOOO10MWDANS03.005
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Table XVII-5. Calculatlon of Overall Ventilation Effi cnency for 600m-long Drift for 1.0 kW/m, 15 m%/s
(0-50 Years), 3 m%/s (50-100 Years), and 1.5 m®/s (100-300 Years) (Drift Spacing =81 m)

Rawor | Aesge | Raeor | Averige |
Time % of Heat Genee:atte d Heat Generated Time Rel;e::e d Heat Removed
(year) Decay | per 600m %i?%?;ﬁ? pel('gj)()m (year) per 600m I:::nsoo\:;:‘i pe:(:(l))()m
(kW) (kW) (kw) (kW)
1.0E4 100.00% 600.00 600.00 1.89 1.0E4 214.72 107.36 0.34
1.00 96.99% 581.96 590.98 18635.31 1.00 210.64 212.68 6706.45

5.00 87.93% 527.56 554.76 69979.72 5.00 331.30 270.97 34181.26
10.00 79.35% 476.12 501.84 79129.84 10.00 347.72 339.51 53534.15
15.00 72.23% 433.40 454.76 71706.06 15.00 330.25 338.98 53451.14
20.00 66.23% 397.39 415.39 65499.41 20.00 307.43 318.84 50274.84
26.00 59.89% 359.32 378.36 71591.05 26.00 283.50 29547 55907.16
30.00 56.11% 336.67 348.00 43897.73 30.00 262.45 272.98 34434.37
40.00 48.24% 289.44 313.06 98725.25 40.00 239.74 251.10 79185.74
50.00 41.94% 251.65 270.54 85318.40 50.00 21237 226.05 71287.86
60.00 36.88% 221.25 236.45 74566.81 60.00 61.88 13712 43242.66
70.00 32.81% 196.84 209.05 65924.69 70.00 85.10 73.49 23176.08
80.00 29.47% 176.83 |+ 186.83 58920.10 80.00 89.31 87.21 27501.94
90.00 26.76% 160.58 168.70 53202.00 90.00 86.44 87.88 27713.00
100.00 24.52% 147.12 163.85 48516.98 100.00 82.06 84.25 26569.12
125.00 21.21% 127.24 137.18 | 108151.61 125.00 43.08 62.57 49330.59
150.00 17.89% 107.37 117.30 92481.71 150.00 45.13 4411 34774.89
200.00 14.85% 89.09 98.23 154888.99 | 200.00 43.30 44.22 69722.60
250.00 13.03% 78.16 83.63 131862.91 250.00 40.61 41.96 66156.76
300.00 11.76% 70.58 74.37 117266.25 | 300.00 38.26 39.44 62185.18
Total heat generated in 50 years (GJ) 604484.67 | Total heat removed in 50 years (GJ) | 438963.30
Total heat generated in 100 years (GJ) 905615.27 | Total heat removed in 100 years (GJ) | 587166.10
Total heat generated in 300 years (GJ) 1510266.74 | Total heat removed in 300 years (GJ) | 869336.13

Percentage of total heat removal in 50 years = 73%

Percentage of total heat removal in 100 years = 65%

Percentage of total heat removal in 300 years = 58%
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Average Drift Wall Temperatures
LL=1.0 kW/m; DS=81m; FV=15m3/s (0-50Yrs); NV=3m?/s (50-100Yrs) & 1.5m¥/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVII-1, p. XVIi-2.

Figure XVII-1. Average Drift Wall Temperatures for Case 16: LF5N3V8

1

Average Air Temperatures
LL=1.0 kW/m; DS=81m; FV=15m/s (0-50Y rs); NV=3m¥/s (50-100Yrs) & 1.5m?/s (100-300Yrs)

Temperatures
(Degree C)

i Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVII-2, p. XVII-3.

Figure XVH-2. Average Air Temperatures for Case 16: LF5N3Vv8
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Average WP Surface Temperatures
LL=1.0 KW/m; DS=81m; FV=15mY¥s (0-50Yrs); NV=3md/s (50-100¥rs) & 1.5m/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVII-3, p. XVil-4.

Figure XVII-3. Average Waste Package Surface Temperatures for Case 16: LFSN3V8

Drift Wall and WP Surface Temperatures
LL=1.0kWir; DS=81rm; FV=15m¥/s (0-50Yrs); NV=3n/s (50-100Yrs) & 1.5n®/s (100-300Yrs)

200 l
____ WP Surface (500-600m; Peak:78C@588Yrs) |
o L ! Drift Wall (500-600m; Peak:76C@648Yrs) |
150 H |
® | —— WP Surface (200-300m; Peak:74C@668Yrs) |
:"1 Y Drift Wall (200-300m; Peak:72C@768Yrs)
e ‘ i
g 100
2 S D
E e e —
o :
a
i E
e
|
o
0 : , b
0 200 400 600 800 1000 -

‘ Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVII-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 16: LFSN3V8
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4 Ventilation Efficiency
: LL=1.0kWim, DS=81m, FR=15m¥s (0-50Yrs), NV=3m¥s (50-100Yrs) & 1.5ms (100-300Yrs)
! 100%
80% L ‘
D S S
g 1 —
T 60% A \
g A i
o “ 4
& 40% | Average Ventilation Efficiency: —=—50Yrs |—
P 73% over 50 Yrs
T [ 65% over 100 Yrs —— 100 Yrs
0, 0,
20% ‘ 58% over ?00 Yrs a 300VYrs [
0% l {
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVI-5. Average Heat Removal Rates at Different Drift Segments for Case 16: LFSN3V8

Ventilation Efficiency
LL=1.0kW/m, DS=81m, FR=15m¥s (0-50Yrs), NV=3m3¥s (50-100Yrs) & 1.5m>/s (100-300Yrs)

600
i |

500 L\ rAverage Ventilatfon Efficlency:]
- i 73%over50 Yrs - - :
' \ i " |65%over 100 Yrs |

400 [

58%over300 Yrs . T .
L {
300 | \ —— Heat Generation Rate
200 i

Heat Removal Rate i

K 100 | ! H— |
! : V2

Power (kW)

0 50 100 150 200 250 300
Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVIi-6. Overall Heat Generation and Removal Rates at Different Time for Case 16: LFSN3V8
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ATTACHMENT XVIII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 17: LFSNSV8
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ATTACHMENT XVIII
TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 17: LFSN5VS

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.0 kW/m with a forced ventilation air flow rate of
15 m®/s from 0 to 50 years and natural ventilation air flow rates of 5 m*/s from 50 to 100 years
and 2.5 m*/s from 100 to 300 years. Ventilation efficiency is calculated for up to 300 years. All
data presented in this attachment are obtained from DTN: MOO0O10MWDANS03.005.

Table XVII-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation
for 1.0 kW/m, 15 m%s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift
Spacing =81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 2523 2523 2523 25.23 25.23
1.00 39.31 42.36 44.80 46.85 48.56 49.98
5.00 38.82 43.10 47.07 50.69 53.99 56.97
10.00 37.69 41.81 45.81 49.67 53.37 56.90
15.00 36.70 40.53 44.29 47.96 51.55 55.04
20.00 3578 39.33 42.83 46.27 49.63 52.94
26.00 3477 38.05 41.28 44.46 47.60 50.68
30.00 34.18 37.22 40.23 43.19 46.11 48.99
40.00 32.95 35.72 38.46 41.18 43.86 46.51
50.00 31.96 34.39 36.81 39.23 41.64 44.04
60.00 38.93 42.35 45.46 48.32 50.97 53.48
70.00 38.35 42.57 46.42 49.96 53.19 56.17
80.00 37.25 41.31 45.16 48.79 52.20 55.40
90.00 36.30 40.10 43.73 47.21 50.52 53.69
100.00 3549 39.04 42.46 45.75 48.91 51.94
125.00 39.28 43.28 46.93 50.25 53.33 56.20
150.00 37.96 42.30 46.25 49.84 53.12 56.13
200.00 36.31 40.37 44.19 47.74 51.05 54.12
250.00 35.23 38.95 42.50 45.86 49.04 52.04
300.00 34.44 37.91 41.23 44 .40 47 .43 50.30

Source: DTN: MOOO1O0MWDANS03.005
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Table XVIII-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.0 kW/m, 15 m*s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift

Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 28.77 31.94 34.60 36.82 38.67 40.23
5.00 29.87 34.41 38.58 42.38 45.83 48.95
10.00 29.55 33.99 38.29 4243 46.38 50.13
15.00 29.18 33.30 37.33 41.28 45.13 48.87
20.00 28.86 32.66 36.40 40.07 43.68 47.22
26.00 28.53 32.02 35.46 38.86 42.20 45.49
30.00 28.26 31.49 34.67 37.81 40.91 43.97
40.00 27.95 30.88 33.79 36.66 39.51 42.33
50.00 27.57 30.14 32.71 3527 37.82 40.35
60.00 29.16 32.90 36.31 39.45 42.39 45.15
70.00 30.17 34.88 39.18 43.10 46.69 49.99
80.00 29.82 34.41 38.74 42.82 46.64 50.21
90.00 29.43 ‘33.68 37.76 41.65 45.37 48.89
100.00 29.09 33.04 36.84 40.50 44.01 47.37
125.00 30.17 3482 39.03 42.90 46.48 49.81
150.00 30.58 35.62 40.18 4433 48.10 51.55
200.00 29.95 34.61 38.97 43.03 46.79 50.28
250.00 29.38 33.57 37.56 41.35 44 .93 48.30
300.00 28.99 32.83 36.51 40.03 43.39 46.59
Source: DTN: MO0O010MWDANS03.005
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Table XVIII-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations
during Ventilation for 1.0 kW/m, 15 m%s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s

(100-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 67.93 67.95 67.95 67.95 67.95 67.95
1.00 60.29 63.08 65.36 67.26 68.85 70.18
5.00 57.91 61.82 65.45 68.78 71.82 74.57
10.00 55.09 58.86 62.53 66.08 69.50 72.76
15.00 52.79 56.32 59.78 63.17 66.49 69.73
20.00 50.65 53.94 57.18 60.37 63.51 66.59
26.00 48.32 51.37 54.39 57.36 60.30 63.19
30.00 46.96 49.80 52.62 55.39 58.13 60.84
40.00 44.08 46.69 49.28 51.85 54.39 56.91
50.00 41.72 44.03 46.34 48.64 50.94 53.23
60.00 48.58 51.84 54.80 57.52 60.05 62.44
70.00 46.92 50.98 54.69 58.09 61.20 64.07
80.00 45.01 48.92 52.63 56.14 59.44 62.53
90.00 43.38 47.05 50.56 53.93 57.14 60.21
100.00 42.01 45.45 48.77 51.86 55.03 57.97
125.00 45.20 49.10 52.64 55.88 58.87 61.66
150.00 4297 47.23 51.09 54.61 57.83 60.77
200.00 40.50 44.49 48.23 51.73 54.99 58.00
250.00 38.92 42.58 46.07 49.38 52.51 55.46
300.00 37.78 41.19 44 46 47.59 50.57 53.41
Source: DTN: MOOO10MWDANS03.005
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Table XVIHI-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.0 kW/m, 15 m%/s
(0-50 Years), 5 m%s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 81 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.76 3579 35.79 3579 35.79 35.79
1.00 52.14 43.89 36.72 30.72 25.69 21.48
5.00 67.39 62.74 57.69 52.65 47.75 43.07
10.00 63.00 61.41 59.48 57.22 54.68 51.94
15.00 57.92 56.89 55.78 54.58 53.27 51.81
20.00 53.41 52.58 51.72 50.84 49.92 48.96
26.00 4888 48.26 47.61 46.95 46.26 4554
30.00 45.13 44.58 44 .05 4347 4291 42.31
40.00 40.84 40.52 40.19 39.81 39.40 38.98
50.00 3557 35.56 35.50 35.41 3525 35.07
60.00 18.43 16.58 15.12 13.95 13.01 12.27
70.00 2292 20.89 19.04 17.39 15.92 14.64
80.00 21.39 ,20.33 19.21 18.07 16.93 15.83
90.00 19.64 18.86 18.07 17.27 16.46 16.65
100.00 18.15 17.50 16.85 16.21 15.56 14.93
125.00 11.16 10.01 9.09 8.34 7.72 7.19
150.00 12.02 10.87 9.84 8.93 8.14 7.45
200.00 10.67 10.05 9.40 8.75 8.12 7.52
250.00 9.44 9.04 8.61 8.17 7.72 7.26
300.00 8.60 8.27 7.94 7.59 7.24 6.89
Source: DTN: MOO0O10MWDANS03.005
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Table XVIII-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.0 kW/m, 15 m%/s
(0-50 Years), 5 m%s (50-100 Years), and 2.5 m®/s (100-300 Years) (Drift Spacing = 81 m)

R;teea?f A:at:l;ag? Heat ) Rﬁ:eaff I:ivaet;ag? Heat
Time % of Heat | Generated Heat Generated Time Removed Heat Removed
(year) Decay | ser 600m (:f::%':;:’ pel('gj;)m (year) | per 600m F;::né:)\:;:‘i pel('GG‘(:)Om
(kW) (kW) (kW) (kW)
1.0e-4 100.00% 600.00 600.00 1.89 1.0E4 214.72 107.36 0.34
1.00 96.99% 581.96 590.98 18635.31 1.00 210.64 212.68 6706.45
5.00 87.93% 527.56 554.76 69979.72 5.00 331.30 270.97 34181.26
10.00 79.35% 476.12 501.84 79129.84 10.00 347.72 339.51 53534.15
15.00 72.23% 433.40 454.76 71706.06 15.00 330.25 338.98 53451.14
20.00 66.23% 397.39 415.39 65499.41 20.00 30743 318.84 50274.84
26.00 59.89% 359.32 378.36 71591.05 26.00 283.50 29547 55907.16
30.00 56.11% 336.67 348.00 43897.73 30.00 262.45 272.98 34434.37
40.00 48.24% 289.44 313.06 98725.25 40.00 239.74 251.10 79185.74
50.00 41.94% 251.65 270.54 85318.40 50.00 21237 226.05 71287.86
60.00 36.88% 22125 236.45 74566.81 60.00 89.36 150.86 47576.54
70.00 32.81% 196.84 209.05 65924.69 70.00 110.81 100.09 31563.33
80.00 29.47% 176.83 | 186.83 58920.10 80.00 111.77 111.28 35095.73
90.00 26.76% 160.58 168.70 53202.00 90.00 105.95 108.86 34328.92
100.00 24.52% 147.12 153.85 48516.98 100.00 99.20 102.57 32347.29
125.00 21.21% 127.24 137.18 | 108151.61 125.00 53.49 76.35 60191.28
150.00 17.89% 107.37 117.30 92481.71. 150.00 §7.25 55.37 43655.42
200.00 14.85% 89.09 98.23 154888.99 | 200.00 59.83 58.54 92307.14
250.00 13.03% 78.16 83.63 131862.91 250.00 50.23 55.03 86774.79
300.00 11.76% 70.58 74.37 117266.25 300.00 46.55 48.39 76301.50
Total heat generated in 50 years (GJ) 604484.67 | Total heat removed in 50 years (GJ) | 438963.30
Total heat generated in 100 years (GJ) 905615.27 | Total heat removed in 100 years (GJ) | 619875.11
Total heat generated in 300 years (GJ) 1510266.741 Total heat removed in 300 years (GJ)| 979105.26

Percentage of total heat removal in 50 years = 73%

Percentage of total heat removal in 100 years = 68%

Percentage of total heat removal in 300 years = 65%
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Average Drift Wall Temperatures
LL=1.0 kW/m; DS=81m; FV=15mP/s (0-50Yrs); NV=5m?/s (50-100Yrs) & 2.5m?/s (100-300Yrs)

b s i 1

Terniperatures
(Degree C)

Distance from Air-intake End of Drift (m)

1 I

P

N LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation;: NV=Natural Ventilation.
For obliterated numbers, see Table XVIII-1, p. XVIII-2.

Figure XVIil-1. (\verage Orift Wall Temperatures for Case 17: LF5N5V8

Average Air Temperatures
LL=1.0 kW/m; DS=81m; FV=15mdfs (0-50Yrs); NV=5m/s (50-100Yrs) & 2.5md/s (100-300Yrs)

Tampnreturee
{Degree C)
=N
o
Q

1

" _
300 O
400 o

S0 600
; Distance from Air-intake End of Drift (m)

N LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVIII-2, p. XVIlI-3.

Figure XVIli-2. Average Air Temperatures for Case 17: LF5N5V8
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Temperatures
(Degree C)

Average WP Surface Temperatures
LL=1.0 KW/m; DS=81m; FV=15m¥s (0-50Yrs); NV=5m/s (50-100Yrs) & 2.5m#/s (100-300Yrs)

Distance from Air-intake End of Drift (m)

Note: LL=lInitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XVIli-3, p. XViii-4.

Figure XVIII-3. Average Waste Package Surface Temperatures for Case 17: LFSN5V8
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Temperatures (Degree C)

Drift Wall and WP Surface Temperatures
LL=1.0kW/m; DS=81m; FV=15m¥s (0-50Yrs); NV=5mdfs (50-100Yrs) & 2.5md/s (100-300Yrs)

|

—__ WP Surface (500-600m; Peak:75C@648Yrs)
Drift Wall (500-600m; Peak:73C@768Yrs)
WP Surface (200-300m; Peak:71C@768Yrs)
Drift Wall (200-300m; Peak:70C@828Yrs)
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVIlI-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and

Locations for Case 17: LFSN5V8
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Ventilation Efficiency
LL=1.0kW/m, DS=81m, FR=15m s (0-50Yrs), NV=5m?s (50-100Yrs) & 2.5m%/s (100-300Yrs)
100% : '
80% |
= 60% | e S >
> * :
Q
E
g L
- 40% Average Ventilation Efficiency: —a-50Yrs |—
P i 73% over 50 Yrs
T [ 68% over 100 Yrs —e— 100 Yrs
20% is% over 300 Yrs _ 300 Yrs [
0% | ‘
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVIII-5. Average Heat Removal Rates at Different Drift Segments for Case 17: LF5N5V8

Ventilation Efficiency
LL=1.0kW/m, DS=81m, FR=15m /s (0-50Yrs), NV=5m>/s (50-100Yrs) & 2.5m3s (100-300Yrs)

100 |

600 :
t t
500 | Average Ventilation Efficiency:
s i 73%over 50 Yrs - ST
! ! 68% over 100 Yrs
400 [ 65%over 300 Yrs - ool
=3 i | i
~ [I——
e 300 —— Heat Generation Rate;
<) \ 1
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Time (Year)
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XVIII-6. Overall Heat Generation and Removal Rates at Different Time for Case 17: LF5N5V8
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ATTACHMENT XIX

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 18: HFSN5V4

Y
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ATTACHMENT XIX

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 18: HFSNSV4

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventllatlon air flow rate of
15 m®/s from 0 to 50 years and natural ventilation air flow rates of 5 m 3/s from 50 to 100 years
and 2.5 m*/s from 100 to 300 years. Drift spacing for this case is reduced to 40.5-m. Ventilation
efficiency is calculated for up to 300 years. All data presented in this attachment are obtained

from DTN: MO001OMWDANSO03.005.

Table XIX-1. Average Drlft Wall Temperatures (°C) at Different Time and Locatlons during Ventilation for
1.45 KW/m, 15 m*/s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m 3/s (100-300 Years) (Drift

Spacing =40.5 m)

Time (Year) Location Measured from Air-intake End (m)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 2523 25.23 25.23 2523 25.23
1.00 46.13 50.11 53.30 55.96 58.20 60.06
5.00 45.52 51.76 57.48 62.68 67.37 71.61
10.00 44 .03 50.16 56.09 61.79 67.24 7242
15.00 42.57 48.33 53.99 59.52 64.91 70.16
20.00 41.30 46.70 52.02 57.26 62.40 67.46
26.00 39.89 44.92 49.88 54.80 59.66 64.44
30.00 39.01 43.71 48.37 52.99 57.56 62.09
40.00 37.14 4142 45.69 49.95 54.18 58.40
50.00 35.60 39.37 43.17 46.98 50.80 54.62
60.00 46.13 51.50 56.44 61.04 65.38 69.51
70.00 4553 52.19 58.34 64.03 69.33 74.26
80.00 44.02 50.55 56.80 62.75 68.40 73.77
90.00 42.63 48.82 54.82 60.62 66.22 71.61
100.00 41.41 47.24 52.94 58.49 63.90 69.14
125.00 47.44 54.17 60.40 66.22 7171 76.91
150.00 4573 53.11 59.96 66.32 72.25 77.81
200.00 43.03 50.02 56.74 63.16 69.25 75.03
250.00 4117 47.55 53.79 59.87 65.76 7144
300.00 39.81 45,68 51.47 57.15 62.72 68.16
Source: DTN: MOOO10MWDANS03.005
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Table XIX-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for

1.45 kW/m, 15 m

/s (0-50 Years), 5 m

Spacing =40.5 m)

3Is (50-100 Years), and 2.5 m¥s (100-300 Years) (Drift

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.89 34.00 37.43 40.31 42.71 4472
5.00 32.06 38.57 44.51 49.89 54.75 59.11
10.00 31.65 38.13 44.39 50.41 56.14 61.57
15.00 31.14 37.19 43.13 48.95 54.63 60.16
20.00 30.68 36.30 41.85 4732 52.71 58.00
26.00 30.24 35.43 40.58 45.69 50.73 5§5.72
30.00 29.86 34.69 39.48 44.24 48.97 53.65
40.00 29.40 33.80 38.19 4257 46.94 51.28
50.00 28.83 32.70 36.59 40.50 44.42 48.35
60.00 31.21 36.85 42.04 46.89 51.46 55.81
70.00 3277 39.93 46.53 52.63 58.28 63.54
80.00 32.33 39.38 46.13 52.54 58.63 64.38
90.00 31.78 '38.39 44.82 51.04 57.04 62.82
100.00 31.29 37.46 43.50 49.41 55.15 60.74
125.00 33.00 40.33 47.12 53.47 59.46 65.14
150.00 33.72 41.79 49.26 56.19 62.65 68.68
200.00 32.80 40.34 47.58 54.48 61.03 67.24
250.00 31.87 38.65 45.30 51.78 58.07 64.13
300.00 31.22 37.39 43.48 49.48 55.37 61.12
Source: DTN: MOOO10MWDANS03.005
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Table XIX-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations during
Ventilation for 1.45 kW/m, 15 m%s (0-50 Years), 5 m*s (50-100 Years), and 2.5 m*s (100-300 Years)
(Drift Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.04 68.04 68.04 68.04 68.04
1.00 74.51 77.98 80.81 83.18 85.16 86.82
5.00 71.32 76.77 81.80 86.39 90.53 94.30
10.00 67.65 73.01 78.23 83.29 88.15 92.79
15.00 64.35 69.43 74,44 79.37 84.20 88.92
20.00 61.54 66.33 71.07 75.77 80.40 84.97
26.00 58.45 62.95 67.41 71.84 76.24 80.59
30.00 56.56 60.78 64.98 69.16 73.31 77.44
40.00 52.47 56.37 60.27 64.16 68.05 71.93
50.00 4912 52.58 56.07 59.59 63.12 66.66
60.00 59.11 64.06 68.63 72.88 76.92 80.75
70.00 57.01 63.23 69.00 74.36 79.35 84.00
80.00 54.42 '60.54 66.42 72.05 77.40 82.49
90.00 52.18 57.99 63.66 69.16 74.48 79.60
100.00 50.24 55.74 61.13 66.41 71.56 76.56
125.00 55.29 61.70 67.64 73.21 78.46 83.45
150.00 52.36 539.45 66.04 72.18 77.91 83.29
200.00 48.60 55.35 61.84 68.06 73.98 79.60
250.00 46.14 52.29 58.34 64.24 69.97 75.51
300.00 4433 50.02 55.63 61.16 66.59 71.89 .
Source: DTN: MO0010MWDANS03.005
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Table XIX-4. Heat Removed {kW) by Ventilation at Different Time and Locations for 1.45 kW/m, 15 m*/s
(0-50 Years), 5 m*fs (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.83 35.83 35.83 35.83 35.83
1.00 67.59 56.86 47.55 39.76 33.27 2782
5.00 97.70 90.06 82.16 74.48 67.17 60.31
10.00 91.95 89.64 86.70 83.22 79.33 75.17
15.00 84.96 83.66 82.19 80.50 78.60 76.45
20.00 78.63 77.73 76.76 75.70 74.53 73.26
26.00 72.44 71.89 71.26 70.58 69.83 69.00
30.00 67.19 66.81 66.36 65.87 65.35 64.77
40.00 60.88 60.87 60.77 60.60 60.37 60.11
50.00 53.05 53.47 53.81 54.06 54.24 54.35
60.00 27.52 25.01 23.04 21.48 20.27 19.30
70.00 34.46 31.75 29.26 27.03 25.06 23.32
80.00 3249 31.28 29.91 28.45 26.97 25.51
90.00 30.06 129.32 28.48 27.59 26.62 25.62
100.00 27.90 27.37 26.79 26.16 2549 24.78
125.00 17.25 15.79 14.64 13.70 12.92 12.25
150.00 18.80 17.40 16.11 14.95 13.92 13.01
200.00 16.81 16.27 15.61 14.88 14.13 13.38
250.00 14.81 14.62 14.34 13.98 13.55 13.07
300.00 13.41 13.30 13.14 12.94 12.69 12.40
Source: DTN: MOO0O10MWDANS03.005
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Table XIX-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m°/s
(0-50 Years), 5 m*/s (50-100 Years), and 2.5 m%s (100-300 Years) (Drift Spacing = 40.5 m)

R:te of l::;;agfe Heat Rate of I:I:::gi? Heat
Time % of Heat Gen:raatte d Heat Generated Time Rel-::\:e d Heat Removed
(year) Decay per 600m Generated | per 600m (year) per 600m Removed | per 600m
per 600m (GJ) per 600m (GJ)
(kW) (kW) (kw) (kW)
1.0E4 100.00% 870.00 870.00 2.74 1.0E4 214.96 107.48 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 272.85 243.90 7690.95
5.00 87.93% 764.96 804.40 | 101470.60 5.00 471.88 372.36 46971.24
10.00 79.35% 690.37 72767 | 114738.26 10.00 505.99 488.93 77095.25
15.00 72.23% 628.43 659.40 | 103973.79 15.00 486.37 496.18 78237.66
20.00 66.23% 576.22 602.32 94974.15 20.00 456.61 471.49 74343.89
26.00 59.89% 521.01 548.62 | 103807.02 26.00 425.01 440.81 83407.56
30.00 56.11% 488.18 504.60 63651.70 30.00 396.36 410.68 51805.28
40.00 48.24% 419.68 453.93 | 143151.62 40.00 363.59 [ 379.98 | 119829.88
50.00 41.94% 364.89 392.29 | 123711.69 50.00 322.98 34329 | 108259.47
60.00 36.88% 320.81 34285 | 108121.88 60.00 136.61 229.80 72468.82
70.00 32.81% 285.42 303.12 95590.81 70.00 170.87 153.74 48483.30
80.00 29.47% 256.40 270.91 85434.15 80.00 174.62 172.74 54476.24
90.00 26.76% 232.84 244 .62 7714291 90.00 167.68 171.15 53974.33
100.00 24.52% 213.32 223.08 70349.62 100.00 158.48 163.08 51429.87
125.00 21.21% 184.50 198.91 156819.84 | 125.00 86.55 122.51 96590.00
150.00 17.89% 155.68 170.09 | 134098.48 | 150.00 94.18 90.36 71240.69
200.00 14.85% 129.19 14243 |224589.03 | 200.00 91.07 92.62 146044 .54
250.00 13.03% 113.33 12126 | 19120122 | 250.00 84.37 87.72 138311.46
300.00 11.76% 102.34 107.84 | 170036.07 | 300.00 77.88 81.12 127912.68
Total heat generated in 50 years (GJ) 876502.77 | Total heat removed in 50 years (GJ) | 647641.52
Total heat generated in 100 years (GJ) 1313142.14| Total heat removed in 100 years (GJ) | 928474.08
Total heat generated in 300 years (GJ) 2189886.77 | Total heat removed in 300 years (GJ) | 1508573.45
Percentage of total heat removal in 50 years = 74%
Percentage of total heat removal in 100 years = 71%
Percentage of total heat removal in 300 years = 69%
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Average Drift Wall Temperatures ‘
LL=1.45kW/m; DS=40.5m FV=15m¥/s (0-50Yrs); NV=5m¥/s (50-100Yrs) & 2.5m/s (100-300Yrs)

Temperatures

%0 400 500

600

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat t oad; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

For obliterated numbers, see Table XIX-1, p. XIX-2.

Figure XIX-1. Average Drift Wall Temperatures for Case 18: HFSN5V4

Average Air Temperatures
LL=1.45kW/m; DS=40.5m; FV=15m¥/s (0-50Yrs); NV=5m?/s (50-100Yrs) & 2.5md/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: LL=lInitial Linear Heat Load; DS=Drift Spacmg, FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XIX-2, p. XIX-3.

Figure XIX-2. Average Air Temperatures for Case 18: HF5N5V4

CAL-SVS-HV-000003 REV 00 ICN 01 XIX-7

May 2001



i Average WP Surface Temperatures
; LL=1.45kW/m; DS=40.5m; FV=15n7/s (0-50Yrs); NV=5mdfs (50-100Yrs) & 2.5m¥s (100-300Yrs)

300
100

50

10

Temperatures
(Degree C)

100
200 300

400 500 00

Distance from Air-intake End of Drift (m)

20 Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

For obliterated numbers, see Table XIX-3, p. XiX-4.

Figure XIX-3. Average Waste Package Surface Temperatures for Case 18: HF5N5V4

Drift Wali and WP Surface Temperatures

LL=1.45kW/m; DS=40.5m; FV=15m¥s (0-50Yrs); NV=5m¥s (50-100Yrs) & 2.5m¥s (100-300Yrs)
200

T T i
WP Surface (500-600m; Peak 138C@9507rs) g
Drift Wall (500-600m; Peak:136C@970Yrs) '
____ WP Surface (200-300m; Peak:134C@1236Yrs)

150

M — Drift Wall (200-300m; Peak:133C@1236Yrs)
1

| ral

Temperatures (Degree C)

| 50 ] o ?_
@ ! ] |
| |
!
oL
: 1 10 100 1000
! Time (Year)

Note: LL=Initial Linear Heat Load; DS=Dxrift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XIX-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and

Locations for Case 18: HF5N5V4
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Ventilation Efficiency
LL=1.45kW/m, DS=40.5m, FV=15md/s (0-50Yrs), NV=5m?/s (50-100Yrs) & 2.5m%s (100-300Yrs)
100%
s igf\*\-\._\
~ | >
g, Q}‘
>
2
E
& L
= 40% Average Ventilfation Efficiency: -a—50Yrs |—
g 74% over 50 Yrs
T [ 71%over 100 Yrs . - —e— 100 Yrs
20% _—
0% ‘ 69% over 300Yrs N 300 Yrs
0% L
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XIX-5. Average Heat Remova! Rates at Different Drift Segments for Case 18: HF5N5V4

Ventilation Efficiency
LL=1.45kW/m, DS=40.5m, FV=15n#/s (0-50Yrs), NV=5nls (50-100Yrs) & 2.5m¥/s (100-300Yrs)
1000
Average Ventilation Efficlency:
3 74% over 50 Yrs
750 71%over 100 Yrs . .
69% over 300 Yrs
T
s 500 SN i
g — Heat Generation Rate. i
. | |
\ — Heat Removal Rate - !
250 i
! —— :
i :
1
i 0 L . J
0 50 100 150 200 250 300
Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XIX-6. Overall Heat Generation and Removal Rates at Different Time for Case 18: HF5N5V4
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ATTACHMENT XX

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 19: LFS5N3V4
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ATTACHMENT XX

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 19: LF5N3V4

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.0 kW/m with a forced ventilation air flow rate of
15 m*/s from O to 50 years and natural ventilation air flow rates of 3 m*/s from 50 to 100 years
and 1.5 m’/s from 100 to 300 years. Drift spacing for this case is 40.5 m. Ventilation efficiency
is calculated for up to 300 years. All data presented in this attachment are obtained from DTN:

MO0010MWDANSO03.005.

Table XX-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.0 kW/m, 15 m*/s (0-50 Years), 3 m%/s (50-100 Years), and 1.5 m%/s (100-300 Years) (Drift

Spacing =40.5 m)

Location Measured from Air-intake End {(m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 2523 2523 2523 2523 25.23
1.00 39.31 42.36 4481 46.85 48.56 49.98
5.00 38.88 43.17 47.14 50.78 54.10 57.09
10.00 37.86 42.05 46.12 50.04 53.80 57.38
15.00 36.95 '40.90 4477 48.57 52.27 55.89
20.00 36.07 39.78 43.43 47.03 50.57 54.04
26.00 35.09 38.53 4193 45.30 48.63 51.93
30.00 34.50 37.71 40.90 44.05 47.19 50.29
40.00 33.25 36.19 39.10 42.02 44.92 47.81
50.00 32.23 34.81 37.41 40.02 4263 45.25
60.00 4439 48.75 52.59 56.04 59.19 62.11
70.00 45.05 51.04 56.31 60.98 65.14 68.86
80.00 43.96 50.17 55.86 61.06 65.79 70.09
90.00 4279 48.84 54.51 59.79 64.69 69.23
100.00 41.70 4753 53.03 58.23 63.12 67.70
125.00 46.51 53.06 58.92 64.23 69.08 73.54
150.00 4527 52.42 58.82 64.56 69.74 74.44
200.00 43.00 50.01 56.49 62.45 67.90 72.89
250.00 41.32 47.89 54.11 59.96 65.42 70.50
300.00 40.05 46.20 52.10 57.73 63.06 68.09
Source: DTN: MOOO10MWDANS03.005
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Table XX-2. Averasc;e Air Temperatures (°C) at Different Time and Locations during Ventilation for
%s (100-300 Years) (Drift

1.0 kW/m, 15 m*/s (0-50 Years), 3 m*/s (50-100 Years), and 1.5 m

Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 28.77 31.94 34.60 36.82 38.67 40.23
5.00 29.88 34.42 38.60 42.41 45.87 48.99
10.00 29.58 34.05 38.38 42.55 46.54 50.33
15.00 29.24 33.41 37.51 4153 45.46 49.28
20.00 28.93 32.81 36.65 40.43 4415 47.81
26.00 28.61 32.19 35.74 39.26 4275 46.19
30.00 28.34 31.66 34.96 38.24 41.49 44.72
40.00 28.03 31.05 34.08 37.09 40.10 43.09
50.00 27.64 30.30 32.98 35.67 38.37 41.08
60.00 30.60 35.41 39.63 43.41 46.85 50.04
70.00 32.87 39.75 45.77 51.07 55.75 59.93
80.00 32.71 39.82 46.32 52.24 57.61 62.48
90.00 32.24 ‘39.06 45.45 51.41 56.94 62.06
100.00 31.78 38.24 4437 50.16 55.61 60.73
125.00 33.55 41.09 47.83 53.94 59.52 64.64
150.00 34.22 42.43 49.75 56.31 62.21 67.55
200.00 33.40 41.24 48.48 55.12 61.20 66.76
250.00 32.52 39.72 46.56 52.99 59.01 64.60
300.00 31.87 38.51 44 90 51.01 56.81 62.29
Source: DTN: MOOO10MWDANS03.005
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Table XX-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations during
Ventilation for 1.0 kW/m, 15 m%s (0-50 Years), 3 m?s (50-100 Years), and 1.5 m/s (100-300 Years) (Drift

Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)

_ 0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 67.93 67.95 67.95 67.95 67.95 67.95
1.00 60.29 63.08 65.36 67.27 68.86 70.18
5.00 57.95 61.87 65.50 68.84 71.90 74.66
10.00 55.21 59.03 62.75 66.36 69.82 73.14
15.00 52.96 56.58 60.13 63.63 67.05 70.40
20.00 50.85 54.26 57.63 60.96 64.24 67.47
26.00 48.54 51.72 54.88 58.01 61.12 64.19
30.00 4717 50.15 53.12 56.06 58.99 61.89
40.00 44.28 47.03 49.77 52.51 55.24 57.96

50.00 41.90 44.34 46.79 49.26 51.73 5422
60.00 54.15 58.28 61.91 65.17 68.15 70.91
70.00 53.54 59.29 64.35 68.83 72.81 76.39
80.00 51.60 '57.56 63.04 68.04 72.61 76.77
90.00 49.76 55.58 61.04 66.13 70.88 75.27
100.00 48.12 53.73 59.04 64.07 68.80 73.25
125.00 52.22 58.56 64.24 69.39 74.10 78.43
150.00 50.06 57.03 63.28 68.88 73.95 78.54
200.00 47.01 53.86 60.20 66.04 71.39 76.29
250.00 44 .87 51.29 57.38 63.13 68.49 73.49
300.00 43.27 49.30 55.08 60.61 65.85 70.80

' Source: DTN: MOO010MWDANS03.005
CAIL-SVS-HV-000003 REV 00 ICN 01 XX-4
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Table XX-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.0 kW/m, 15 m¥/s
(0-50 Years), 3 m*/s (50-100 Years), and 1.5 m*/s (100-300 Years) (Drift Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600

0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.76 35.79 35.79 35.79 35.79 35.79
1.00 52.14 43.90 36.72 30.72 25.70 21.48
5.00 67.48 62.84 57.77 52.75 47.85 43.17
10.00 63.38 61.84 59.92 57.67 55.14 52.41
15.00 58.64 57.74 56.73 55.59 54.32 52.91
20.00 54.35 53.73 53.04 52.31 51.51 50.64
26.00 49.92 49.57 49.15 48.70 48.19 47.64
30.00 46.20 45.96 4567 45.35 45.01 4464
40.00 41.89 41.88 41.80 41.71 41.56 41.37
50.00 36.54 36.83 37.04 37.23 37.34 37.42

60.00 14.61 12.56 11.02 9.85 8.98 8.31
70.00 20.54 17.95 15.71 13.81 12.23 10.91
80.00 2012 18.55 16.97 15.44 14.01 12.70
90.00 18.89 17.79 16.67 15.54 14.43 13.36
100.00 17.70 16.85 15.99 15.11 14.23 13.36

125.00 10.77 9.50 8.50 7.70 7.03 6.46
150.00 11.62 10.35 9.23 8.26 7.44 6.73

200.00 10.58 9.87 9.12 8.38 7.66 7.00
250.00 9.48 9.07 8.61 8.11 7.58 7.06

300.00 8.66 8.37 8.05 7.70 7.31 6.91

Source: DTN: MOOO10MWDANS03.005
CAL-SVS-HV-000003 REV 00 ICN 0! XX-5
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Table XX-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.0 kW/m, 15 m%/s
(0-50 Years), 3 m’/s (50-100 Years), and 1.5 m*/s (100-300 Years) (Drift Spacing = 40.5 m)

] Rﬁzea?f ARVaet;a(g): Heat ] Rﬁzea?f l:!\;i;agf Heat
omry | Dacay | SR | Gonritaa | ‘poradom | (yemy | RS | Removed | per aoom
(kW) per 600m (GJ) (kW) per 600m (GJ)
(kW) (kW)
1.0E4 100.00% 600.00 600.00 1.89 1.0E4 214.72 107.36 0.34
1.00 96.99% 581.96 590.98 18635.31 1.00 210.67 212.69 6706.86
5.00 87.93% 527.56 554.76 69979.72 5.00 331.85 27126 34217.85
10.00 79.35% 476.12 501.84 79129.84 10.00 350.37 341.11 53786.26
15.00 72.23% 433.40 45476 71706.06 15.00 335.94 343.15 54108.31
20.00 66.23% 397.39 415.39 65499.41 20.00 315.58 325.76 51365.92
26.00 59.89% 359.32 378.36 71591.05 26.00 293.18 304.38 57593.51
30.00 56.11% 336.67 348.00 43897.73 30.00 272.83 283.00 35699.05
40.00 48.24% 289.44 313.06 98725.25 40.00 250.21 261.52 82472.76
50.00 41.94% 251.65 270.54 85318.40 50.00 222.42 236.31 74524 .24
60.00 36.88% 221.25 236.45 74566.81 60.00 65.33 143.87 45372.19
70.00 32.81% 196.84 209.05 65924.69 70.00 91.15 78.24 24673.52
80.00 29.47% 176.83 | 186.83 58920.10 80.00 97.79 94.47 29791.86
90.00 26.76% 160.58 168.70 53202.00 90.00 96.70 97.24 30666.48
100.00 24.52% 147.12 153.85 48516.98 100.00 9324 94.97 29949.06
125.00 21.21% 127.24 137.18 108151.61 125.00 49.96 71.60 56448.30
150.00 17.89% 107.37 117.30 92481.71 150.00 53.62 51.79 40830.81
200.00 14.85% 89.09 98.23 154888.99 [ 200.00 52.63 53.12 83766.94
250.00 13.03% 78.16 83.63 131862.91 250.00 49.91 51.27 80842.75
300.00 11.76% 70.58 74.37 117266.25 | 300.00 46.99 48.45 76402.46
Total heat generated in 50 years (GJ) 604484.67 | Total heat removed in 50 years (GJ) | 450475.10
Total heat generated in 100 years (GJ) 905615.27 | Total heat removed in 100 years (GJ) | 610928.20
Total heat generated in 300 years (GJ) 1510266.74 | Total heat removed in 300 years (GJ) | 949219.45
Percentage of total heat removal in 50 years = 75%
Percentage of total heat removal in 100 years = 67%
Percentage of total heat removal in 300 years = 63%
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[ Average Drift Wall Temperatures
[ LL=1.0kW/m; DS=40.5m; FV=15m?/s (0-50Yrs); NV=3md/s (50-100Yrs) & 1.5mds (100-300Yrs)

20 Time (Year)
10

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: LL=initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XX-1, p. XX-2.

Figure XX-1. A\(erage Drift Wall Temperatures for Case 19: LF5N3V4

Average Air Temperatures
LL=1.0kW/m; DS=40.5m; FV=15m¥/s (0-50Yrs); NV=3m/s (50-100Yrs) & 1.5nv/s (100-300Yrs)

Temperatures
(Degree C)

400 500

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XX-2, p. XX-3.

Figure XX-2. Average Air Temperatures for Case 19: LF5N3V4
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Temperatures at WP Surface
LL=1.0kW/m; DS=40.5m; FV=15m¥s {0-50Yrs}; NV=3m¥s (50-100Yrs) & 1.5mifs (100-300Yrs)

" 300
100

20 Time (Year)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: LL=lnitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XX-3, p. XX-4.

Figure XX-3. Average Waste Package Surface Temperatures for Case 19: LF5N3V4

Drift Wall and WP Surface Temperatures
LL=1.0kW/m; DS=40.5m; FV=15m¥s {0-50Yrs); NV=3m¥s (50-100Yrs) & 1.5m¥s (100-300Yrs)
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XX-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 19: LF5N3V4
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Ventilation Efficiency
LL=1.0kW/m, DS=40.5m, FR=15m3/s (0-50Yrs), NV=3m3/s (50-100Yrs) & 1.5m?3/s (100-300Yrs)

100%
I
80%
| T 60% —
g [ 3
& L
- 0% Average Ventilation Efficiency: a 50Yrs |—
P 75% over 50 Yrs
T | 67% over 100 Yrs . » —o— 100 Yrs
0,
20% §3f/ooyer 300 Yrs N 300 Yrs |
0% L
1 2 3 4 5 : 6

Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XX-5. Average Heat Removal Rates at Different Drift Segments for Case 19: LFAN3V4

Ventilation Efficiency
LL=1.0kW/m, DS=40.5m, FR=15m3/s (0-50Yrs}), NV=3m3/s (50-100Yrs) & 1.5m?3/s (100-300Yrs)

600
500 \ Average Ventilation Efficlency:
r 75% over 50 Yrs ]
»_ 67%over 100 Yrs . _ :
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s | \ 1 |
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I — »
100 | \Vas 1 ‘
; (e .
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XX-6. Overall Heat Generation and Removal Rates at Different Time for Case 19: LF5N3V4
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ATTACHMENT XXI

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 20: LF5N5V4
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ATTACHMENT XXI
TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 20: LFSN5V4

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.0 kW/m with a forced ventilation air flow rate of
15 m*/s from 0 to 50 years and natural ventilation air flow rates of 5 m*/s from 50 to 100 years
and 2.5 m*/s from 100 to 300 years. Drift spacing for this case is 40.5 m. Ventilation efficiency

is calculated for up to 300 years. All data presented in this attachment are obtained from DTN:
MOO0010MWDANS03.005.

Table XXI-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.0 kW/m, 15 m’/s (0-50 Years), 5 m%s (50-100 Years), and 2.5 m%s (100-300 Years) (Drift
Spacing = 40.5 m)

Location Measured from Air-intake End {(m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 25.23 2523 2523 2523 25.23
1.00 39.31 42.36 44.81 46.85 48.56 49.98
5.00 38.88 43.17 47.14 50.78 54.10 57.08
10.00 37.86 42.05 46.12 50.04 53.80 57.38
15.00 36.95 20.90 4477 48.57 52.27 55.89
20.00 36.07 39.78 43.43 47.03 50.57 54.04
26.00 35.09 38.53 41.93 45.30 48.63 51.93
30.00 34.50 37.71 40.90 44.05 47.19 50.29
40.00 33.25 36.19 39.10 42.02 44.92 47.81
50.00 32.23 34.81 37.41 40.02 42.63 45.25
60.00 39.43 43.12 46.51 49.66 52.64 55.46
70.00 39.05 43.62 47.84 51.76- 55.39 58.78
80.00 38.03 42.52 46.81 50.90 54.79 58.47
90.00 37.07 41.33 4545 4943 53.28 56.99
100.00 36.23 40.23 44.15 47 .96 51.67 55.27
125.00 40.38 4500 49.28 53.28 57.05 60.63
150.00 39.24 44.31 49.01 53.09 57.43 61.26
200.00 37.41 42.22 46.85 51.22 55.41 59.39
250.00 36.13 40.52 4482 48.99 53.05 56.96
300.00 35.18 39.22 43.21 47.12 50.96 54.70

Source: DTN: MOO010MWDANS03.005
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Table XXI-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.0 kW/m, 15 m*/s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift

Spacing =40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 28.77 31.94 34.60 36.82 38.67 40.23
5.00 29.88 34.42 38.60 42.41 45.87 48.99
10.00 29.58 34.05 38.38 42.55 46.54 50.33
15.00 29.24 33.41 37.51 41.53 45.46 49.28
20.00 28.93 32.81 36.65 40.43 44.15 47.81
26.00 28.61 32.19 35.74 39.26 4275 46.19
30.00 28.34 31.66 34.96 38.24 41.49 4472
40.00 28.03 31.05 34.08 37.09 40.10 43.09
50.00 27.64 30.30 3298 35.67 38.37 41.08
60.00 2928 3317 36.75 40.09 43.23 46.23
70.00 30.36 35.30 39.85 44.05 47.95 51.57
80.00 30.06 34.93 39.58 44.01 48.20 52.17
90.00 29.68 '34.24 38.67 42.96 47.10 51.09
100.00 29.33 33.59 37.75 41.82 4578 49.63
125.00 30.51 35.56 40.24 44.61 48.74 52.66
150.00 31.01 36.57 41.72 46.45 50.91 55.08
200.00 30.38 35.59 40.58 45.28 49.81 54.09
250.00 29.75 3443 39.02 43.48 47.81 51.99
300.00 29.28 33.55 37.76 41.89 45.95 49.92
Source: DTN: MO0O010MWDANS03.005
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Table XXI-3. Average Waste Package Surface Temperatures (°C) at Different Tlme and Locations during
Ventilation for 1.0 kW/m, 15 m%s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m%s (100-300 Years) (Drift

Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 67.93 67.95 67.95 67.95. 67.95 67.95
1.00 60.29 63.08 65.36 67.27 68.86 70.18
5.00 57.95 61.87 65.50 1 68.84 71.90 74.66
10.00 55.21 59.03 62.75 66.36 69.82 73.14
15.00 52.96 56.58 60.13 63.63 67.05 70.40
20.00 50.85 54.26 57.63 60.96 64.24 67.47
26.00 48.54 51.72 54.88 58.01 61.12 64.19
30.00 47.17 50.15 53.12 56.06 58.99 61.89
40.00 44.28 47.03 49.77 52.51 55.24 57.96
50.00 41.90 44.34 46.79 49.26 51.73 54.22
60.00 48.99 52.48 55.69 58.68 61.50 64.17
70.00 47.50 51.87 55.91 59.66 63.14 66.40
80.00 4565 '49.94 54.07 58.00 61.74 65.29
90.00 4402 48.10 .52.06 55.90 59.61 63.19
100.00 42.62 46.47 50.24 53.92 57.51 60.99
125.00 46.17 50.64 54.78 58.66 62.31 65.77
150.00 4410 49.04 53.63 57.60 61.85 65.58
200.00 41.48 46.17 50.69 5497 59.07 62.98
250.00 39.73 44.02 48.22 52.31 56.28 60.12
300.00 38.45 42.40 46.30 50.14 53.90 57.58
Source: DTN: MOO0O10MWDANS03.005
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Table XXI-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.0 kW/m, 15 m%/s
(0-50 Years), 5 m>/s (50-100 Years), and 2.5 m/s (100-300 Years) (Drift Spacing = 40.5 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600

0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.76 35.79 35.79 35.79 35.79 35.79
1.00 5214 43.90 36.72 30.72 2570 21.48
5.00 67.48 62.84 57.77 52.75 47.85 43.17
10.00 63.38 61.84 59.92 57.67 55.14 52.41
15.00 58.64 57.74 56.73 55.59 54.32 52.91
20.00 54.35 53.73 53.04 52.31 51.51 50.64
26.00 49.92 49.57 49.15 48.70 48.19 47.64
30.00 46.20 45.96 45.67 45.35 45.01 44.64
40.00 41.89 41.88 41.80 41.71 41.56 41.37
50.00 36.54 36.83 37.04 37.23 37.34 37.42
60.00 18.97 17.24 15.88 14.81 13.96 13.29
70.00 23.76 21.89 20.18 18.64 17.27 16.07
80.00 22.42 21.58 20.64 19.63 18.61 17.60
90.00 20.74 20.23 19.65 19.03 18.36 17.66
100.00 19.22 18.86 18.47 18.03 17.57 17.08

125.00 11.88 10.88 10.09 9.44 8.90 8.44

150.00 12.96 11.99 11.10 10.18 9.62 8.99

200.00 11.60 11.22 10.77 10.12 9.76 9.24

250.00 10.23 10.10 9.90 9.62 9.33 9.01

300.00 9.26 9.18 9.07 8.92 8.75 8.55

Source: DTN: MO00O10MWDANS03.005
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Table XXI-5. Calculation of Overall Ventitation Efficiency for 600m-long Drift for 1.0 kW/m, 15 m%/s
(0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 40.5 m)

Rﬁte of ?Qv:t:aagf Heat Rate of A:/;reag: Heat
Time % of Heat | go n:raatte d Heat Generated Time Rei;\e::e d Heat Removed
(year) Decay | per 600m iz?%r;;z? pen('g‘(:;)m (year) per 600m ';2?6%\;;: pe:;(j);)m
(kw) (kW) (kW) (kW)
1.0E-4 100.00% 600.00 600.00 1.89 1.0E4 214.72 107.36 0.34
1.00 96.99% 581.96 590.98 18635.31 1.00 210.67 212.69 6706.86
5.00 87.93% 527.56 554.76 69979.72 5.00 331.85 27126 34217.85
10.00 79.35% 476.12 501.84 79129.84 10.00 350.37 341.11 53786.26
15.00 72.23% 433.40 454.76 71706.06 15.00 335.94 343.15 54108.31
20.00 66.23% 397.39 415.39 65499.41 20.00 315.58 325.76 51365.92
26.00 59.89% 359.32 378.36 71591.05 26.00 293.18 304.38 57593.51
30.00 56.11% 336.67 348.00 43897.73 30.00 272.83 283.00 35699.05
40.00 48.24% 289.44 313.06 98725.25 40.00 250.21 261.52 82472.76
50.00 41.94% 251.65 270.54 85318.40 50.00 222.42 236.31 74524.24
60.00 36.88% 221.25 236.45 74566.81 60.00 94.14 158.28 49915.53
70.00 32.81% 196.84 209.05 65924.69 70.00 117.83 105.99 33423.80
80.00 29.47% 176.83  186.83 58920.10 80.00 120.48 119.15 37576.41
90.00 26.76% 160.58 168.70 53202.00 90.00 115.67 118.07 37235.95
100.00 24.52% 147.12 163.85 48516.98 100.00 109.23 1 12.45' 35461.67
125.00 21.21% 127.24 137.18 | 108151.61 125.00 59.63 84.43 66562.55
150.00 17.89% 107.37 117.30 92481.71 150.00 64.85 62.24 49067.24
200.00 14.85% 89.09 98.23 154888.99 | 200.00 62.72 63.78 100572.61
250.00 13.03% 78.16 83.63 131862.91 250.00 58.19 60.45 95324.48
300.00 11.76% 70.58 74.37 117266.25 | 300.00 53.72 55.96 88231.44
Total heat generated in 50 years (GJ) 604484.67 | Total heat removed in 50 years (GJ) | 450475.10
Total heat generated in 100 years (GJ) 905615.27 | Total heat removed in 100 years (GJ) | 644088.46
Total heat generated in 300 years (GJ) 1510266.74 | Total heat removed in 300 years (GJ) | 1043846.77
Percentage of total heat removal in 50 years = 75%
Percentage of total heat removal in 100 years = 71%
Percentage of total heat removal in 300 years = 69%
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Average Drift Wall Temperatures ]
LL=1.0kW/m; DS=40.5m; FV=15me/s (0-50Yrs); NV=5n/s {50-100Yrs) & 2.5m¥s (100-300Yrs)

Temperatures

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXI-1, p. XXI-2.

Figure XXI—1. Average Drift Wall Temperatures for Case 20: LFS5N5V4

Average Air Temperatures
LL=1.0kW/m; DS=40.5m; FV=15md/s (0-50Yrs); NV=5md/s (50-100Yrs) & 2.5m?/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

e e i

Note: LL=lnitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXI-2, p. XXI-3.

Figure XXI-2. Average Air Temperatures for Case 20: LF5SN5V4
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Average WP Surface Temperatures
LL=1.0kW/m; DS=40.5m; FV=15nv/s (0-50Yrs); NV=5m?/s (50-100Yrs) & 2.5m?/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

i
i

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXI-3, p. XXI-4.

Figure XXI-3. Average Waste Package Surface Temperatures for Case 20: LF5N5V4

Drift Wall and WP Surface Temperatures
LL=1.0kW/m; DS=40.5m; FV=15m?/s {0-S0Yrs); NV=5m?/s (50-100Yrs) & 2.5m3/s (100-300Yrs)
200 :
[ [ { ]
WP Surface (500-600m; Peak-108C@1170Yrs)
5 [ Drift Wall (500-600m; Peak:107C@1210Yrs)
@ 150 —_ WP Surface (200-300m; Peak:104C@1241Yrs :
o Drift Wall (200-300m; Peak:103C@1261Yrs |
(]
I @ 100
2 - // ;
' E 50 &\g%g !
e N | |
! i i :
ol ! i ‘ ;
0 250 500 750 1000 1250 1500

Time (Year)

Note: LL=initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXI-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 20: LF5N5V4
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Ventilation Efficiency

LL=1.0kW/m, DS=40.5m, FR=15m3/s (0-50Yrs), NV=5m3/s (50-100Yrs} & 2.5m3¥/s (100-300Yrs)
100%

80%

S [ Q}Qx ’
® 60% [ \
> i
g I l
g |
& I
- 40% Average Ventilation Efficiency: -a—50Yrs |—
P : 75% over 50 Yrs
T i 71% over 100 Yrs —e— 100 Yrs
20% — 69% over 300 Yrr_.. 300 Yrs |
|
0% i
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXI-5. Average Heat Removal Rates at Different Drift Segments for Case 20: LF5N5V4

* Ventilation Efficiency
i LL=1.0kW/m, DS=40.5m, FR=15m¥s (0-50Yrs), NV=5m3s (50-100Yrs) & 2.5m%/s (100-300Yrs}
i 600 , ‘ !
5 500 ' Average Ventilation Efficiency: '
i , 75% over 50 Yrs 1
r 71% over 100 Yrs l
s 400 69% over 300 Yrs i
! , - |
[ { !
: § 300 ¢ ! Heat Generation Rate]:“_ ‘
i , ‘
-0 \ ' : 1
‘ 200 Heat Removal Rate —— i
100 | AR — S i . '
0t . . - . ]
0 50 100 150 200 250 300

Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXI-6. Overall Heat Generation and Removal Rates at Different Time for Case 20: LF5N5V4
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ATTACHMENT XXII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 21: HF5N5V2
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ATTACHMENT XXII
TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 21: HF5N5V2

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m*/s from 0 to 50 years and natural ventilation air flow rates of 5 m*/s from 50 to 100 years
and 2.5 m’/s from 100 to 300 years. Drift spacing for this case is 25 m. Ventilation efficiency is

calculated for up to 300 years. All data presented in this attachment are obtained from DTN:
MOO010MWDANSO03.005.

Table XXIl-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m¥/s (0-50 Years), 5 m%s (50-100 Years), and 2.5 m¥s (100-300 Years) (Drift
Spacing = 25 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 25.23 25.23 25.23 2523 25.23
1.00 46.16 50.14 53.33 56.00 58.24 60.10
5.00 46.05 52.46 58.33 63.67 68.50 72.85
10.00 44.65 51.08 57.32 63.33 69.08 74.56 .
15.00 43.14 '49.22 55.21 61.09 66.87 72.50
20.00 41.80 47.48 53.12 58.71 64.23 69.69
26.00 40.31 45.58 50.83 56.06 61.26 66.44
30.00 39.39 44.30 4922 54.12 59.00 63.87
40.00 37.42 41.88 46.36 50.85 55.35 59.85
50.00 35.81 39.72 43.68 47.67 51.70 55.76
60.00 46.78 52.46 57.71 62.65 67.32 71.80
70.00 46.53 53.68 60.33 66.54 72.33 77.78
80.00 44.90 51.99 58.83 65.41 71.70 77.71
30.00 43.38 50.07 56.63 63.05 69.32 75.42
100.00 42.03 48.30 54.51 60.63 66.65 72.57
125.00 48.66 56.03 62.95 69.50 75.74 81.73
150.00 46.92 55.09 62.78 70.02 76.85 83.33
200.00 43.80 51.47 58.97 66.25 73.28 80.05
250.00 41.72 48.58 5543 62.23 68.94 75.51
300.00 40.21 46.44 52.70 58.95 65.19 71.37

Source: DTN: MOOO10MWDANSO03.005
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Table XXiI-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 KW/m, 15 m°fs (0-50 Years), 5 m’/s (50-100 Years), and 2.5 m%/s (100-300 Years) (Drift

Spacing = 25 m)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.89 34.00 3744 40.32 42.72 4474
5.00 3213 38.71 44.72 50.18 55.10 59.53
10.00 31.79 38.43 4487 51.07 57.00 62.63
15.00 31.29 37.52 43.67 49.74 55.68 61.49
20.00 30.81 36.60 42.36 48.07 53.74 59.34
26.00 30.35 35.69 41.03 46.35 51.66 56.93
30.00 29.95 34.91 39.87 44 83 49.78 5472
40.00 29.48 33.99 38.52 43.07 47.63 52.20
50.00 28.89 32.84 36.84 40.88 44.96 49.07
60.00 31.34 37.14 42.52 47.57 52.37 56.97
70.00 33.03 40.49 47.43 53.88 59.91 65.57
80.00 32.63 40.05 47.22 54.10 60.68 66.96
90.00 32.04 ‘38.99 4583 52.54 59.08 65.43
100.00 31.51 37.98 44.39 50.73 56.99 63.14
125.00 33.33 41.07 48.34 55.23 61.81 68.13
150.00 34.16 42.77 50.86 58.48 65.67 72.48
200.00 33.16 41.20 49.05 56.65 63.99 71.04
250.00 32.11 39.26 46.40 53.48 60.46 67.32
300.00 31.39 37.83 44 .29 50.76 57.21 63.63
Source: DTN: MOO0O10MWDANS03.005
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Table XXII-3. Average Waste Package Surface Temperatures g°C) at Different Time and Locations

during Ventilation for 1.45 kW/im, 15 m%s (0-50 Years), 5m
(100-300 Years) (Drift Spacing = 25 m)

/s (50-100 Years), and 2.5 m%/s

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.04 68.04 68.04 68.04 68.04
1.00 7452 78.00 80.83 83.20 85.19 86.85
5.00 71.66 7724 82.40 87.11 91.37 95.23
10.00 68.05 73.65 79.12 84.43 89.55 94.45
15.00 64.73 70.05 75.33 80.56 85.72 90.77
20.00 61.87 66.88 71.88 76.87 81.82 86.74
26.00 58.73 63.42 68.11 72.81 77.50 82.19
30.00 56.81 61.20 65.60 70.02 74.44 78.86
40.00 52.66 56.70 60.76 64.86 68.98 73.11
50.00 49.26 52.82 56.45 60.12 63.84 67.59
60.00 59.63 64.85 69.70 74.26 78.59 82.75
70.00 57.82 64.48 70.70 76.53 81.98 87.12
80.00 55.13 '61.75 68.18 74.38 80.33 86.03
90.00 52.78 59.05 65.23 71.30 77.25 83.04
100.00 50.75 56.64 62.50 68.30 74.02 79.67
125.00 56.36 63.36 69.95 76.20 82.18 87.92
150.00 53.41 61.24 68.63 75.60 82.20 88.46
200.00 49.29 56.67 63.90 70.95 77.76 84.34
250.00 46.62 53.23 59.86 66.45 72.96 79.37
300.00 44.69 50.72 56.78 62.85 68.91 7494
Source: DTN: MOO010MWDANS03.005
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Table XX1-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m, 15 m¥s
(0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 25 m)

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600

0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.83 35.83 3583 35.83 3583
1.00 67.63 56.89 47.58 39.80 33.29 27.84
5.00 98.63 91.04 83.15 7547 68.15 61.23
10.00 93.88 91.87 89.14 85.81 82.01 77.88
15.00 86.96 86.20 85.18 83.87 82.29 80.39
20.00 80.43 80.09 79.64 79.06 78.35 77.48
26.00 73.99 73.95 73.83 73.64 73.35 73.00
30.00 68.53 68.60 68.61 68.59 68.51 68.39
40.00 61.99 62.36 62.67 62.92 63.11 63.23
50.00 53.87 54.62 55.30 55.91 56.44 56.90
60.00 28.12 25.72 2385 22.40 21.27 20.40
70.00 35.61 33.09 30.74 28.63 26.73 25.07
80.00 33.81 32.91 31.79 30.53 29.18 27.83
90.00 31.20 ‘30.84 30.34 29.72 28.99 28.18
100.00 28.85 28.68 28.44 28.12 27.74 27.28
125.00 17.97 16.68 15.66 14.85 14.19 13.64
150.00 19.75 18.56 17.45 16.42 15.50 14.69
200.00 17.58 17.34 16.92 16.40 15.81 15.20
250.00 15.33 15.41 15.39 15.27 15.06 14.77
300.00 13.79 13.87 13.93 13.95 13.91 13.83

Source: DTN: MO00O10MWDANSO03.005
CAL-SVS-HV-000003 REV 00 ICN 01 XX1-5
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Table XXH-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m®/s
(0-50 Years), 5 m>/s (50-100 Years), and 2.5 m>/s (100-300 Years) (Drift Spacing =25 m)

R;:ea?f l?(vaetl;agfe ' Heat R;t:a:)f ARvaetreag? Heat
Time o, of Heat Generated Heat Generated Time Removed Heat Removed
(year) Decay per 600m Generated | per 600m (year) per 600m Removed | per 600m
(kW) per 600m (GJ) (kW) per 600m (GJ)
(kW) (kW)
1.0E4 100.00% 870.00 870.00 274 1.0e4 21496 107.48 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 273.04 244.00 7693.98
5.00 87.93% 764.96 804.40 | 101470.60 5.00 477.79 375.42 47356.46
10.00 79.35% 690.37 727.67 | 114738.26 10.00 520.72 499.26 78722.95
15.00 72.23% 628.43 659.40 | 103973.79 15.00 504.91 512.81 80860.63
20.00 66.23% 576.22 602.32 94974.15 20.00 475.05 489.98 77259.69
26.00 59.89% 521.01 548.62 | 103807.02 26.00 441.77 458.41 86738.23
30.00 56.11% 488.18 504.60 63651.70 30.00 411.23 426.50 53800.44
40.00 48.24% 419.68 45393 [ 14315162 40.00 376.27 393.75 [ 124174.16
50.00 41.94% 364.89 39229 | 123711.69 50.00 333.03 354.65 | 111843.60
60.00 36.88% 320.81 34285 | 108121.88 60.00 141.75 237.39 74864.05
70.00 32.81% 28542 303.12 95590.81 70.00 179.87 160.81 50712.85
80.00 29.47% 256.40 270.91 85434.15 80.00 186.06 182.96 57699.04
90.00 26.76% 232.84 244.62 7714291 90.00 179.27 182.66 57604.61
100.00 24.52% 213.32 223.08 70349.62 100.00 169.11 174.19 54933.06
125.00 21.21% 184.50 198.91 156819.84 | 125.00 92.99 131.05 | 103322.17
150.00 17.89% 155.68 170.09 134098.48 150.00 102.38 97.68 77013.81
200.00 14.85% 129.19 142.43 224589.03 200.00 99.26 100.82 158965.99
250.00 13.03% 113.33 121.26 191201.22 250.00 91.23 95.24 150180.51
300.00 11.76% 102.34 107.84 170036.07 300.00 83.28 87.25 137582.34
Total heat generated in 50 years (GJ) 876502.77 | Total heat removed in 50 years (GJ) | 668450.46
Total heat generated in 100 years (GJ) 1313142.14| Total heat removed in 100 years (GJ) | 964264.07
Total heat generated in 300 years (GJ) 2189886.77 | Total heat removed in 300 years (GJ) | 1591328.89
Percentage of total heat removal in 50 years = 76%
Percentage of total heat removal in 100 years = 73%
Percentage of total heat removal in 300 years = 73%
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Temperatures

Average Drift Wall Temperatures
LL=1.45kW/m; DS=25m; FV=15m%/s (0-50Yrs); NV=5m¥s (50-100Yrs) & 2.5m?/s (100-300Yrs)

300
¥ 100

L/

50

20 Time (Year)

(Degree C)

200

300 400

500
Distance from Air-intake End of Drift (m)

600

Note: Ll=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXIi-1, p. XXli-2.
Figure XXII-1. Average Drift Wall Temperatures for Case 21: HF5N5V2
Average Air Temperatures
LL=1.45kW/m; DS=25m; FV=15P/s (0-50Yrs); NV=5m¥s (50-100Yrs) & 2.5m?/s (100-300Yrs)
i
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EQ 50 i
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Distance from Air-intake End of Drift (m)
Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natura! Ventilation.
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For obliterated numbers, see Table XXII-2, p. XXII-3.

Figure XX11-2. Average Air Temperatures for Case 21: HF5N5V2
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Average WP Surface Temperatures
LL=1.45kW/m; DS=25m; FV=15m¥/s (0-50Yrs); NV=6m¥s (50-100Yrs) & 2.5md/s {100-300Yrs)

R2

Temperatures
(Degree C)

300 400

500
Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXII-3, p. XXli-4.

Figure XXII-3. Average Waste Package Surface Temperatures for Case 21: HF5N5V2

Drift Wall and WP Surface Temperatures
LL=1.45kW/m DS=25nt FV=15mifs (0-50Yrs); NV=5mfs (50-100Yrs) & 2.5ms (100-300Yrs)

‘ 200

' WP Surface (éOO—GOOm; Peak:18801@1333Yrs)§

| : — Drift Wall (500-600m; Peak187C@1333Yrs):

150 1 — WP Surface (200-300m; Peak:184C@1327Yrs)
L Drift Wall (200-300m; Peak:183C@1327Yrs)

t
\
I

100 |

50 |

Temperatures (Degree C)

1 10 100 1000 10000
Time (Year)

Notevzi LL:lnitial Lineér Heat Load; DS=Drift Spacingd; FV=F6rced Veniiilatio;;lr\l-V?Nva»ﬁ;lr'aI Ventilaﬁén.

Figure XXI1-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 21: HF5N5V2
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Ventilation Efficiency
LL=1.45kWim, DS=25m, FV=15md/s (0-50Yrs), NV=5nls (50-100Yrs) & 2.5m/s (100-300Yrs)
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Average Ventilation Efficlency: —a—50Yrs |
T6%over 50 Yrs . e
73%over 100 Yrs —e— 100Yrs
73%over300¥rs . - - —a-300Yrs [
2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XX|I-5. Average Heat Removal Rates at Different Drift Segments for Case 21: HFSN5V2

1000

Ventilation Efficiency
LL=1.45kW/m, DS=25m, FV=15m¥/s (0-50Yrs), NV=5m?/s (50-100Yrs) & 2.5m?/s (100-300Yrs)
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XX1I-6. Overall Heat Generation and Removal Rates at Different Time for Case 21: HF5N5V2
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ATTACHMENT XXIII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 22: HFSN5SVSKD
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ATTACHMENT XXIII

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 22: HFSNSV8KD

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m>/s from O to 50 years and natural ventilation air flow rates of 5 m’/s from 50 to 100 years
and 2.5 m’/s from 100 to 300 years. Thermal conductivity (k) values for stratigraphic units are

reduced by 25 percent. Drift spacing for this case is 81 m. Ventilation efficiency is calculated
for up to 300 years.

All data presented in this attachment are obtained from DTN:
MO0010MWDANSO03.005.

Table XXI1-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation
for 1.45 kW/m, 15 m%/s (0-50 Years), 5 m>/s (50-100 Years), and 2.5 m>/s (100-300 Years) (Drift
Spacing = 81 m, Thermal Conductivity Values Reduced by 25%)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 2523 2523 2523 2523 2523
1.00 46.89 51.11 54.53 57.40 59.82 61.85
5.00 4597 52.53 58.59 64.12 69.16 73.71
10.00 4418 50.47 56.64 62.60 68.33 73.82
15.00 4254 48.36 54.09 59.73 65.28 70.71
20.00 41.15 46.52 51.84 57.08 62.26 67.37
26.00 39.65 44 .59 49.49 54.34 59.13 63.88
30.00 38.74 43.33 4787 52.37 56.83 61.25
40.00 36.82 40.97 45.10 49.21 53.28 57.34
50.00 35.29 38.91 42.54 46.17 49.80 5343
60.00 46.23 51.51 56.31 60.73 64.86 68.75
70.00 45.17 51.74 57.78 63.34 68.47 73.20
80.00 43.40 49.67 55.67 61.37 66.79 71.89
90.00 4191 4773 53.36 58.78 64.00 69.02
100.00 40.65 46.07 51.33 56.43 61.36 66.14
125.00 46.76 53.01 58.70 63.96 68.84 73.41
150.00 44.51 51.31 57.54 63.25 68.51 73.36
200.00 41.82 48.06 53.99 59.60 64.87 69.81
250.00 40.12 45.77 51.21 56.43 61.42 66.18
300.00 38.90 4412 49.16 54.04 58.72 63.23
Source: DTN: MO0010MWDANS03.005
CAL-SVS-HV-000003 REV 00 ICN 01 XXII1-2
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Table XXIlii-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m*/s (0-50 Years), 5 m¥/s (50-100 Years), and 2.5 m?/s (100-300 Years) (Drift
Spacing = 81 m, Thermal Conductivity Values Reduced by 25%)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.98 34.19 37.72 40.70 43.20 4530
5.00 32.21 38.90 45.04 50.64 55.72 60.31
10.00 31.72 38.32 44.74 50.95 56.90 62.57
15.00 31.16 37.25 43.25 49.17 54,98 60.66
20.00 30.66 36.27 41.82 47.31 52.73 58.08
26.00 30.19 3534 40.45 45.51 50.52 55.48
30.00 29.80 34.56 39.28 43.96 48.61 53.21
40.00 29.33 33.65 37.95 42.22 46.48 50.71
50.00 28.76 3253 36.31 40.10 43.89 47.68
60.00 31.18 36.76 41.86 46.59 51.02 55.21
70.00 3273 39.84 46.36 52.35 57.87 62.98
80.00 32.18 39.07 4565 51.90 57.80 63.36
90.00 31.57 37.94 4410 50.04 55.76 61.24
100.00 31.06 36.95 4267 48.22 53.60 58.80
125.00 32.74 39.74 46.15 52.07 57.59 62.78
150.00 33.38 41.03 48.03 54 .44 60.33 65.77
200.00 32.35 39.37 46.03 52.29 58.16 63.66
250.00 3146 37.71 43.73 49.51 55.04 60.30
300.00 30.86 36.55 42.06 47.38 52.51 57.45
Source: DTN: MOOO10MWDANS03.005
CAL-SVS-HV-000003 REV 00 ICN 01 XXIII-3
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Table XXIlI-3. Average Waste Package Surface Temperatures §°C) at Different Time and Locations

during Ventilation for 1.45 kW/m, 15 m>/s (0-50 Years), 5 m

/s (50-100 Years), and 2.5 m*/s

(100-300 Years) (Drift Spacing = 81 m, Thermal Conductivity Values Reduced by 25%)

Location Measured from Air-intéke End (m)
Time (Year)
0-100 100-200 200-300 300400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.04 68.04 68.04 68.04 68.04
1.00 75.01 78.66 81.66 84.19 86.32 88.11
5.00 71.66 77.35 82.64 87.51 91.93 95.96
10.00 67.80 73.28 78.68 83.94 89.04 93.94
15.00 64.37 69.49 74.56 79.57 84.53 89.40
20.00 61.48 66.24 70.98 75.67 80.33 84.93
26.00 58.33 62.75 67.15 71.53 75.87 80.18
30.00 56.41 60.54 64.64 68.72 7277 76.81
40.00 52.29 56.08 59.86 63.62 67.37 711
50.00 48.93 52.27 55.62 58.98 62.36 65.73
60.00 59.22 64.10 68.55 72.65 76.49 80.12
70.00 56.75 62.89 68.56 73.79 78.62 83.10
80.00 53.95 59.83 65.48 70.87 76.00 80.85
90.00 51.61 57.10 62.42 67.57 7253 77.31
100.00 49.64 54.78 59.77 64.62 69.32 73.88
125.00 5473 60.69 66.13 71.16 75.84 80.23
150.00 51.31 57.86 63.86 69.38 74 46 79.15
200.00 47.56 53.59 59.34 64.78 69.90 74.71
250.00 4522 50.70 55.98 61.06 65.92 70.56
300.00 4354 48.61 53.52 58.27 62.84 67.24
Source: DTN: MOO0O1OMWDANS03.005
CAL-SVS-HV-000003 REV 00 ICN 01 XX111-4
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Table XXIIl-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m,
15 m%s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing = 81 m,

Thermal Conductivity Values Reduced by 25%)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.83 35.83 35.83 3583 3583
1.00 68.87 58.21 48.95 41.15 34.60 29.09
5.00 99.76 92.53 84.96 77.49 70.30 63.48
10.00 93.00 91.24 88.85 85.85 82.36 78.51
15.00 85.20 84.21 83.13 81.83 80.35 78.61
20.00 78.35 77.57 76.77 75.91 75.01 74.02
26.00 71.81 71.24 70.64 70.02 69.36 68.66
30.00 66.35 65.85 65.33 64.80 64.24 63.69
40.00 59.91 59.72 59.47 59.18 58.84 58.51
50.00 52.00 52.20 52.33 52.40 52.40 52.38
60.00 27.38 2475 22.64 20.97 19.64 18.58
70.00 34.28 31.50 28.92 26.58 24.48 2263
80.00 31.82 30.58 29.18 27.69 26.16 2464
90.00 29.13 28.24 27.32 26.35 25.35 24.31
100.00 26.86 26.12 2537 24.61 23.84 23.07
125.00 16.69 15.09 13.81 12.77 11.91 11.18
150.00 18.06 16.51 15.09 13.82 12.70 11.71
200.00 15.86 15.14 14.34 13.50 12.66 11.84
250.00 13.92 13.47 12.99 12.46 11.91 11.34
300.00 12.64 12.26 11.88 11.48 11.06 10.64
Source: DTN: MOO0O10MWDANS03.005
CAL-SVS-HV-000003 REV 00 ICN 01 XXI11-5
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Table XXIII-5. Calcutation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m%/s (0-
50 Years), 5 m%/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift Spacing =81 m, Thermal
Conductivity Values Reduced by 25%)

. Rsteea?f ?qv;;ag: Heat ' Rﬁ::l:f ll\ivaet;ag? Heat
(year) Decay | per 600m per 600m P ) {vear) | per 600m per 600m pe(GJ)
(kW) (kW) (kW) (kW)
1.0E4 100.00% 870.00 870.00 274 - 1.0E-4 214.82 107.41 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 243.24 7670.07
5.00 87.93% 764.96 804.40 | 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 | 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 | 103973.79 15.00 477.97 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 44467 461.32 72740.48
26.00 59.89% 521.01 548.62 | 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 45393 | 143151.62 40.00 348.25 364.69 | 115009.73
50.00 41.94% 364.89 392.29 [ 123711.69 50.00 308.23 32824 | 103513.19
60.00 36.88% 320.81 34285 |108121.88 60.00 129.58 218.90 69033.77
70.00 32.81% 28542 | 303.12 95590.81 70.00 160.57 145.08 45751.71
80.00 29.47% 256.40 270.91 85434.15 80.00 161.87 161.22 50843.16
90.00 26.76% 232.84 244 62 7714291 90.00 153.49 157.68 49725.69
100.00 24.52% 213.32 223.08 70349.62 100.00 143.84 148.67 46883.25
125.00 2121% 184.50 198.91 156819.84 | 125.00 77.60 110.72 87292.74
150.00 17.89% 155.68 170.09 | 134098.48 | 150.00 83.01 80.30 63310.14
200.00 14.85% 129.19 142.43 | 224589.03 | 200.00 78.96 80.98 127693.79
250.00 13.03% 113.33 121.26 191201.22 250.00 7273 75.84 119591.31
300.00 11.76% 102.34 107.84 | 170036.07 | 300.00 67.41 70.07 110488.47
Total heat generated in 50 years (GJ) 876502.77 | Total heat removed in 50 years (GJ) | 630434.80
Total heat generated in 100 years (GJ) 1313142.14| Total heat removed in 100 years (GJ) | 832672.39
Total heat generated in 300 years (GJ) 2189886.77 ) Total heat removed in 300 years (GJ) [1401048.83
Percentage of total heat removal in 50 years = 72%
Percentage of total heat removal in 100 years = 68%
Percentage of total heat removal in 300 years = 64%

Source: DTN: MOOO10MWDANSO03.005
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Average Drift Wall Temperatures
LL=1.45KW/m; DS=81m; FV=15m¥s (0-50Yrs); NV=5 m¥s (50-100Yrs) & 2.5md/s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift {(m) ‘

|
Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXIH-1, p. XXllII-2.

Figure XXIll-1. Average Drift Wall Temperatures for Case 22: HFSN5V8KD

Average Air Temperatures
LL=1.45kWim; DS=81m; FV=15m¥s (0-50Yrs); NV=5 n/s (50-100Yrs) & 2.5md/s (100-300Yrs)
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Note: LL=lInitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXiii-2, p. XX1lI-3.

Figure XXI1-2. Average Air Temperatures for Case 22: HF5NSV8KD
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Average WP Surface Temperatures
L£.=1.45kW/m; DS=81m; FV=15m?/s (0-50Yrs); NV=5 m?/s (50-100Yrs) & 2.5mP/s {100-300Y'rs)

Temperatures
(Degree C)

300 400

500 600
Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXI11-3, p. XXli{-4.

Figure XXII-3. Average Waste Package Surface Temperatures for Case 22: HFSN5V8KD
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Drift Wall and WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15m¥s (0-50Yrs); NV=5m?/s (50-100Yrs) & 2.5m?/s (100-300Yrs)
200 1 1 ;
| " 1 WP Surface (500-600m; Peak:109C@668Yrs) i
i
= Drift Wail (500-600m; Peak:107C@717Yrs) ‘
(& |
o 150 ——__ WP Surface (200-300m; Peak:101C@728Yrs) l—
[
;&; ____Drift Wall (200-300m; Peak:99C@768Yrs) !
=} 1 '
@ 100 ‘.
| i
2 ;
e
[}
Q
£
[
[

o

0 250 500 750 1000
Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXII-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 22: HF5N5V8KD

CAL-SVS-HV-000003 REV 00 ICN 01 XXII-8 May 2001



Ventilation Efficiency
LL=1.45kW/m, DS=81m, FV=15md/s (0-50Yrs), NV=5md/s (50-100Yrs) & 2.5m¥/s (100-300Yrs)
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Nge: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

FigureXX|ll-5. Average Heat Removal Rates at Different Drift Segments for Case 22: HF5N5V8KD

Ventilation Efficiency
LL=1.45kW/m, DS=81m, FV=15md/s (0-50Yrs), NV=5m¥/s (50-100Yrs) & 2.5m¥/s (100-300Yrs)
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Nie: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XI-6. Overall Heat Generation and Removal Rates at Different Time for Case 22: HFSN5V8KD
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ATTACHMENT XXIV

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 23: HFSNSV8KU

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventllatlon air flow rate of
15 m’/s from 0 to 50 years and natural ventilation air flow rates of 5 m */s from 50 to 100 years

and 2.5 m*/s from 100 to 300 years.

Thermal conductivity values for stratigraphic units are

raised by 25 percent. Drift spacing for this case is 81 m. Ventilation efficiency is calculated for
up to 300 years.

All data presented in this attachment are obtained from DTN:
MOO0010MWDANSO03.005.

Table XXIV-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation
for 1.45 kW/m, 15 m*/s (0-50 Years), 5 m ¥s (50-100 Years), and 2.5 m %s (100-300 Years) (Drift
Spacing = 81 m, Thermal Conductivity Values Raised by 25%)

Time (Year) Location Measured from Air-intake End {m)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 2523 2523 25.23 2523 25.23
1.00 45.48 4922 52.22 54.71 56.78 58.51
5.00 44.96 50.88 56.28 61.16 65.54 69.46
10.00 43.38 *49.17 54.73 60.05 65.10 69.87
15.00 41.88 47.27 52.52 57.62 62.56 67.33
20.00 40.60 45.62 50.52 55.30 59.97 64.52
26.00 39.22 43.87 48.43 52.88 57.25 61.53
30.00 38.38 42.72 46.97 51.14 55.24 59.26
40.00 36.59 40.54 44 .44 48.28 52.06 55.79
50.00 35.13 38.62 42.08 45.53 48.94 52.31
60.00 44.69 49.43 53.75 57.70 61.38 64.83
70.00 43.94 49.74 55.00 " 59.80 64.19 68.21
80.00 42.45 48.06 53.34 58.27 62.87 67.17
90.00 41.16 46.44 5147 56.23 60.73 64.98
100.00 40.06 45.04 49.79 54.33 58.65 62.75
125.00 45.08 50.60 55.58 60.11 64.28 68.14
150.00 43.35 49.29 54.66 59.50 63.90 67.91
200.00 41.12 46.75 51.97 56.80 61.25 65.35
250.00 39.66 4487 49.78 54.40 58.71 62.75
300.00 38.58 43.47 48.11 52.51 56.66 60.57
Source: DTN: MOOO10MWDANS03.005
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Table XXIV-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m®/s (0-50 Years), 5 m/s (50-100 Years), and 2.5 m*/s (100-300 Years) (Drift
Spacing = 81 m, Thermal Conductivity Values Raised by 25%)

Location Measured from Air-intake End {m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.81 33.83 37.18 39.96 42.28 4422
5.00 31.91 38.24 43.99 49.17 53.81 57.96
10.00 31.50 37.78 43.82 49.58 55.04 60.17
15.00 30.98 36.81 42.50 48.03 53.39 58.57
20.00 30.51 35.91 41.19 46.36 51.40 56.31
26.00 30.07 35.05 39.93 4472 49.42 54.01
30.00 29.70 34.31 38.85 43.31 47.69 51.98
40.00 29.25 33.46 37.61 4170 45.74 49.71
50.00 28.71 32.40 36.08 39.73 43.35 46.94
60.00 30.90 36.20 41.01 4543 49.55 53.42
70.00 32.29 38.89 44.87 50.30 55.25 59.78
80.00 31.83 38.26 44.29 49.91 55.15 60.01
90.00 31.29 \37.29 42.99 48.39 53.49 58.30
100.00 30.84 36.43 41.77 46.87 51.72 56.34
125.00 32.32 38.85 4473 50.09 55.02 59.57
150.00 32.85 39.89 46.21 51.90 57.05 61.73
200.00 32.01 38.54 44.60 50.18 5532 60.05
250.00 31.24 37.16 4275 48.00 52.92 57.51
300.00 30.72 36.17 41.36 46.29 50.94 55.33
Source: DTN: MO0O0O10MWDANSO03.005
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Table XXIV-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations
during Ventilation for 1.45 kW/m, 15 m%s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m’/s
(100-300 Years) (Drift Spacing = 81 m, Thermal Conductivity Values Raised by 25%)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300400 400-500 500-600
0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.04 68.04 68.04 68.04 68.04
1.00 74.08 77.37 80.05 82.29 84.15 85.70
5.00 70.92 76.13 80.90 85.24 89.14 92.62
10.00 67.19 72.29 77.22 81.96 86.49 90.78
15.00 63.87 68.66 73.34 77.91 82.36 86.68
20.00 61.05 65.54 69.95 74.26 78.49 82.62
26.00 57.98 62.18 66.31 70.36 74.34 78.25
30.00 56.11 60.05 63.92 67.73 71.48 75.17
40.00 52.08 55.71 59.31 62.86 66.36 69.82
50.00 48.78 52.01 55.23 58.44 61.62 64.78
60.00 57.92 62.34 66.35 70.04 73.46 76.68
70.00 55.70 61.16 66.13 70.67 74.81 78.62
80.00 53.11 '58.42 63.42 68.11 72.49 76.58
90.00 50.95 55.96 60.74 65.28 69.58 73.64
100.00 49.10 53.85 58.39 62.72 66.86 70.80
125.00 53.22 58.50 63.28 67.63 71.64 75.34
150.00 50.25 56.00 61.19 65.88 70.15 74.04
200.00 46.90 52.37 57.44 62.15 66.49 70.49
250.00 44.78 49.85 54.63 59.14 63.35 67.30
300.00 43.23 48.00 52.52 56.82 60.88 64.71
Source: DTN: MO00O10MWDANSO03.005
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Table XXIV-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m,
15 m*/s (0-50 Years), 5 m>/s (50-100 Years), and 2.5 m/s (100-300 Years) (Drift Spacing = 81 m,

Thermal Conductivity Values Raised by 25%)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.83 35.83 35.83 35.83 35.83
1.00 66.49 55.65 46.32 38.57 32.10 126.72
5.00 95.64 87.60 79.44 71.64 64.25 57.37
10.00 89.89 86.98 83.53 79.67 7547 71.06
15.00 82.67 80.75 78.69 76.51 74.16 7164
20.00 76.26 74.68 73.07 71.44 69.76 68.02
26.00 70.12 68.86 67.59 66.27 64.95 63.60
30.00 64.97 63.89 62.78 61.67 60.55 59.43
40.00 58.85 58.17 57.43 56.65 55.83 54.99
50.00 51.30 51.11 50.85 50.52 50.11 49.65
60.00 26.18 23.47 21.32 19.62 18.25 17.15
70.00 32.32 29.26 26.52 24.08 21.95 20.10
80.00 30.27 '28.52 26.73 2495 23.21 21.57
90.00 27.91 26.58 2526 23.94 2263 21.35
100.00 25.90 24.78 23.68 22.60 21.53 20.48
125.00 15.79 14.07 12.68 11.56 10.62 9.83
150.00 16.93 15.17 13.63 12.27 11.10 10.09
200.00 15.11 14.09 13.05 12.04 11.08 10.18
250.00 13.46 12.76 12.05 11.33 10.60 9.90
300.00 12.32 11.76 11.19 10.62 10.04 9.47
Source: DTN: MOO0O10MWDANS03.005
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Table XXIV-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m%/s (0-
50 Years), 5 m*/s (50-100 Years), and 2.5 m%/s (100-300 Years) (Drift Spacing = 81 m, Thermal

Conductivity Values Raised by 25%)

R:Lea?f pf:’:;gagfe Heat ) R:Lea?f l:::t:eag? Heat
Time % of Heat | Generated Heat Generated Time Removed Heat Removed
(year) Decay | per 600m (:22%':;‘: pel(';(;)om (year) | per 600m ';::ns%\ﬁ: pe:;j;lm
(kW) (kW) (kW) (kW)
1.0E4 100.00% 870.00 870.00 274 1.0E4 214.82 107.41 0.34
1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 243.24 7670.07
5.00 87.93% 764.96 804.40 | 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 | 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 [ 103973.79 15.00 477.97 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 44467 461.32 72740.48
26.00 59.89% 521.01 548.62 | 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 45393 | 143151.62 40.00 348.25 364.69 | 115009.73
50.00 41.94% 364.89 39229 |123711.69 50.00 308.23 328.24 | 103513.19
60.00 36.88% 320.81 342,85 |108121.88 60.00 129.58 218.90 69033.77
70.00 32.81% 285.42 303.12 95590.81 70.00 160.57 145.08 45751.71
80.00 29.47% 256.40 270.91 85434.15 80.00 161.87 161.22 50843.16
90.00 26.76% 232.84 244 .62 77142.91 90.00 153.49 157.68 49725.69
100.00 24.52% 213.32 223.08 70349.62 100.00 143.84 148.67 46883.25
125.00 21.21% 184.50 198.91 156819.84 | 125.00 77.60 110.72 87292.74
150.00 17.89% 155.68 170.09 134098.48 150.00 83.01 80.30 63310.14
200.00 14.85% 129.19 142.43 224589.03 200.00 78.96 80.98 127693.79
250.00 13.03% 113.33 121.26 191201.22 250.00 72.73 75.84 119591.31
300.00 11.76% 102.34 107.84 170036.07 300.00 67.41 70.07 110488.47
Total heat generated in 50 years (GJ) 876502.77 | Total heat removed in 50 years (GJ) | 630434.80
Total heat generated in 100 years (GJ) 1313142.14] Total heat removed in 100 years (GJ) | 892672.39
Total heat generated in 300 years (GJ) 2189886.77 Total heat removed in 300 years (GJ) | 1401048.83
Percentage of total heat removal in 50 years = 72%
Percentage of total heat removal in 100 years = 68%
Percentage of total heat removal in 300 years = 64%

Source: DTN: MOOO10OMWDANS03.005
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Temperatures
(Degree C)

Average Drift Wall Temperatures

300

Distance from Air-intake End of Drift (m)

600

LL=1.45kW/m; DS=81m; FV=15n¥/s (0-50Yrs); NV=5 m/s (50-100¥rs) & 2.5m%/s (100-300Yrs)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXiV-1, p. XXIV-2.

Figure XXIV-1. Average Drift Wall Temperatures for Case 23: HF5N5V8KU

Temperatures
(Degree C)

Average Air Temperatures

Distance from Air-intake End of Drift (m)

LL=1.45kW/m; DS=81m; FV=15mP!s {0-50Yrs); NV=5 m?/s (50-100Yrs) & 2.5md/s (100-300Yrs)

Note:  LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXIV-2, p. XXIV-3.

Figure XXIV-2. Average Air Temperatures for Case 23: HF5N5V8KU
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: Average WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15m¥/s (0-50Yrs); NV=5 m?/s (50-100Yrs) & 2.5m?/s (100-300Yrs)

Temperatures
(Degree C)

| | W

100 200 300 —

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXIV-3, p. XXIV-4.

Figure XXIV-3. Average Waste Package Surface Temperatures for Case 23: HFSN5V8KU

. Drift Wall and WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15m?/s {0-50Yrs}; NV=5md/s (50-100Yrs) & 2.5m/s (100-300Yrs)
200 1 1
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Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXIV-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 23: HFSNSV8KU
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Ventilation Efficiency
LL=1.45kWim, DS=81m, FV=15m?fs (0-50Yrs), NV=5m¥/s (50-100Yrs) & 2.5m?/s (100-300Yrs)
100%
!
80%
= I R G S '
® 60% — —
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é I T4
e |
= 40% Average Ventilation Efficiency: - 50Yrs |—
o 72% over 50 Yrs
T I 68% over 100 Yrs : —— 100 Yrs
20% — 64% over 300 ersA 300 Yrs [
0% L 1
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Drift Segment No.-

Note: LL=Initial Linear Heat Load; DS=Dxrift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXIV-5. Average Heat Removal Rates at Different Drift Segments for Case 23: HF5N5V8KU

A

Ventilation Efficiency |
LL=1.45kWfm, DS=81m, FV=15m®/s (0-50Yrs), NV=5mP/s (50-100Yrs) & 2.5m¥/s (100-300Yrs) ?
1000 \ ] ‘ l
Average Ventilation Efficlency:
i 72%over 50 Yrs j
750 —|68%over100Yrs i
54% over 300 Yrs " ;
E : | |
= | | | a ;
“ | . R
2 500 ‘ | —— Heat Generation Rate!
g | | .
\ E —— Heat Removal Rate 1 ‘;
250 ‘ 1 5 !
\/\ { | |
0 |
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Time (Year)

Note: LL=initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXIV-6. Overall Heat Generation and Removal Rates at Different Time for Case 23: HF5N5SV8KU
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ATTACHMENT XXV

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 24: HFSNSV8A

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m’/s from O to 50 years and natural ventilation air flow rates of 5 m’/s from 50 to 100 years
and 2.5 m*/s from 100 to 300 years. Waste is aged for additional 18 years. Drift spacing for this
case is 81 m. Ventilation efficiency is calculated for up to 300 years. .All data presented in this
attachment are obtained from DTN: MO0O010MWDANS03.005.

Table XXV-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m*/s (0-50 Years), 5 m’/s (50-100 Years), and 2.5 m¥s (100-300 Years) (Drift

Spacing = 81 m, Waste Aged for Additional 18 Years)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 2522 25.23 2523 2523 2523 25.23
2.00 39.68 42.91 45.51 47.71 49.56 51.12
7.00 39.04 43.42 47.50 51.24 54.67 57.78
12.00 38.13 42.37 46.47 50.44 54.24 57.87
17.00 37.23 41.22 4512 48.93 52.64 56.25
22.00 36.40 40.14 43.81 47 .41 50.94 54.39
27.00 35.65 39.16 42.62 46.00 49.34 52.61
32.00 34.97 38.27 41.52 44.72 47.87 50.95
42.00 33.83 36.86 39.85 42.82 45.74 48.63
50.00 33.24 36.02 38.76 41.49 4419 46.87
57.00 41.69 45.71 49.34 52.66 55.73 58.60
62.00 41.96 47.03 51.63 55.79 59.59 63.07
72.00 40.88 46.00 50.80 55.27 59.44 63.30
82.00 39.82 44.69 49.32 53.71 57.87 61.79
100.00 38.81 43.43 47.85 52.08 56.12 59.96
107.00 44 .49 49.71 54.42 58.71 62.65 66.31
132.00 43.30 49.20 54.48 59.24 63.53 67.43
182.00 41.06 46.70 51.94 56.78 61.23 65.32
232.00 39.58 44 80 49.73 54.36 58.71 62.77
300.00 38.20 43.05 47.68 52.08 56.26 60.20
Source: DTN: MO0O010MWDANS03.005
CAL-SVS-HV-000003 REV 00 ICN 01 XXV-2

May 2001



Table XXV-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 kW/m, 15 m’/s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m®/s (100-300 Years) (Drift
Spacing = 81 m, Waste Aged for Additional 18 Years)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
2.00 28.81 32.03 34.75 37.03 38.95 40.57
7.00 29.94 34.57 38.83 42.75 46.31 49.54
12.00 29.66 34.20 38.60 42.84 46.90 50.76
17.00 29.35 33.61 37.78 41.86 45.84 49.71
22.00 29.05 33.03 36.95 40.79 44.56 48.25
27.00 28.78 32.51 36.17 39.78 43.33 46.81
32.00 28.54 32.03 35.47 38.86 4219 45.48
42.00 28.23 3143 34.60 37.73 40.83 43.89
50.00 27.94 30.85 33.75 36.62 39.47 42.29
57.00 29.95 34.38 38.38 42.05 45.44 48.62
62.00 31.37 37.12 42.31 47.01 51.28 55.17
72.00 31.18 36.98 42.40 47.44 52.11 56.45
82.00 30.76 '36.25 41.47 46.41 51.09 55.49
100.00 30.37 35.51 40.44 45.15 49.64 53.92
107.00 31.96 38.13 43.68 48.73 53.37 57.66
132.00 3274 39.64 45.81 51.34 56.34 60.86
182.00 31.99 38.51 44.54 50.09 55.19 59.87
232.00 31.22 37.13 42.71 47.97 52.89 57.49
300.00 30.63 36.02 41.17 46.08 50.73 55.13
Source: DTN: MO0O0O10MWDANSO03.005
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Table XXV-3. Average Waste Package Surface Temperatures S°C) at Different Time and Locations
during Ventilation for 1.45 kW/m, 15 m>/s (0-50 Years), 5 m*/s (50-100 Years), and 2.5 m°/s
(100-300 Years) (Drift Spacing = 81 m, Waste Aged for Additional 18 Years)

Location'Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600

0.00 70.00 70.00 70.00 70.00 70.00 70.00
1.00E-04 67.93 67.94 67.94 67.94 67.94 67.94
2.00 60.39 63.34 65.72 67.76 69.46 70.90
7.00 58.20 62.18 65.91 69.33 72.48 75.34
12.00 55.98 59.84 63.59 67.22 70.72 74.08
17.00 53.90 57.55 61.13 64.63 68.06 71.40
22.00 51.98 55.43 58.81 62.14 65.41 68.62
27.00 50.26 53.51 56.71 59.85 62.96 66.01
32.00 48.69 51.76 54.79 57.77 60.71 63.60
42.00 46.04 48.88 51.69 54.48 57.23 59.95
50.00 44 .67 47.28 49.87 52.44 54.99 57.52
57.00 53.16 56.94 60.37 63.49 66.38 69.08
62.00 52.75 57.57 61.93 65.90 69.50 72.80
72.00 50.75 55.61 60.18 64.45 68.42 7212
82.00 48.93 53.57 57.99 62.19 66.17 69.94
100.00 47.22 51.64 55.87 59.92 63.80 67.49
107.00 52.73 57.73 62.23 66.35 70.13 73.64
132.00 50.23 55.93 61.04 65.65 69.80 73.58
182.00 46.86 52.34 57.43 62.14 66.47 70.46
232.00 4472 49.80 54.60 59.11 63.36 67.33
300.00 4274 47 .48 51.99 56.29 60.38 64.24

Source: DTN: MOO0O10MWDANS(03.005
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Table XXV-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m, 15 m¥/s
(0-50 Years), 5 m>/s (50-100 Years), and 2.5 m>/s (100-300 Years) (Drift Spacing = 81 m, Waste Aged for
Additional 18 Years)

Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600

0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.76 3579 35.79 35.79 35.79 35.79
2.00 52.71 44.62 37.52 31.59 26.58 22.37
7.00 68.38 63.95 59.05 54.14 49.33 44.69
12.00 64.41 62.83 60.90 58.64 56.14 53.42
17.00 60.11 58.97 57.75 56.44 55.04 53.52
22.00 56.05 55.11 54.13 . 53.14 52.12 51.06
27.00 52.34 51.53 50.72 49.89 49.05 48.20
32.00 48.98 48.29 47.59 46.87 46.15 45.42
42.00 4470 4429 43.83 43.35 42.84 42.30
50.00 40.62 40.36 40.04 39.73 39.38 39.02
57.00 21.96 19.62 17.75 16.26 15.06 14.09
62.00 28.24 2549 23.02 20.84 18.93 17.26
72.00 27.38 '25.72 24.03 22.36 20.74 19.21
82.00 2554 2435 23.14 21.93 20.72 19.53
100.00 23.79 2282 21.84 20.88 19.93 18.99

107.00 15.00 13.31 1197 10.89 10.00 9.25

132.00 16.68 14.88 13.30 11.94 10.76 9.75
182.00 15.07 14.05 13.00 11.98 10.99 10.08

232.00 13.40 12.74 12.04 11.33 10.62 9.91
300.00 12.13 11.63 11.11 10.57 10.04 9.49

Source: DTN: MOOO1OMWDANSO03.005
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Table XXV-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m3fs (0-
50 Years), 5 m/s (50-100 Years), and 2.5 m>/s (100-300 Years) (Drift Spacing = 81 m, Waste Aged for
Additional 18 Years)

raear | Ao | || Rmeor | RO,
Time % of Heat | Generated Heat Generated Time Removed Heat Removed
(year) Decay | per600m ii::?;: pe:(:(’))()m (year) | per 600m I:::nsc:)\ae: pel('gj;)m
(kW) (kW) (kW) (kW)
1.00E-04 68.63% 597.08 597.08 1.88 1.00E-04 214.72 107.36 0.34
2.00 66.23% 576.22 586.65 36999.34 2.00 215.39 215.05 13563.19
7.00 60.83% 529.22 552.72 87153.06 7.00 339.54 277.46 43750.50
12.00 56.11% 488.18 508.70 80211.84 12.00 356.34 347.94 54863.12
17.00 51.98% 452.19 470.18 74138.40 17.00 341.83 349.08 55043.39
22.00 48.24% 419.68 435.94 68738.45 22.00 321.61 331.72 52305.55
27.00 44.88% 390.42 405.05 63868.36 27.00 301.73 311.67 49144 .59
32.00 41.94% 364.89 377.65 59548.34 32.00 283.30 292.52 46124.03
42.00 36.88% 320.81 342.85 |[108121.88 42.00 261.31 272.31 85874.62
50.00 34.32% 298.60 309.71 78135.62 50.00 239.16 250.24 63131.54
57.00 31.03% 269.93 284.27 62752.22 57.00 104.74 171.95 37957.96
62.00 29.47% 256.40 263.17 41495.98 62.00 133.77 119.26 18804.26
72.00 26.76% 232.84 24462 7714291 72.00 139.44 136.60 43079.70
82.00 24.52% 213.32 223.08 70349.62 82.00 135.19 137.31 43303.23
100.00 22.50% 195.73 204.52 | 116096.67 | 100.00 128.25 131.72 74770.82
107.00 21.21% 184.50 190.11 41967.72 107.00 70.42 99.33 21927.86
132.00 17.89% 155.68 170.09 134098.48 132.00 77.31 73.86 58233.99
182.00 14.85% 128.19 142.43 224589.03 182.00 75.18 76.24 120220.86
232.00 13.03% 113.33 121.26 191201.22 232.00 70.05 72.61 114494 .89
300.00 11.44% 99.51 106.42 228211.77 300.00 64.97 67.51 144767 .51
Total heat generated in 50 years (GJ) 656917.17 | Total heat removed in 50 years (GJ) | 463800.88
Total heat generated in 100 years (GJ) 1024754.57 | Total heat removed in 100 years (GJ) 681716.84
Total heat generated in 300 years (GJ) 1844822.79| Total heat removed in 300 years (GJ) [1141361.94
Percentage of total heat removal in 50 years = 71%
Percentage of total heat removal in 100 years = 67%
Percentage of total heat removal in 300 years = 62%

Source: DTN: MOOO10MWDANS03.005
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CAL-SVS-HV-000003 REV 00 ICN 01 May 2001



_ Average Drift Wall Temperatures
:l 1=1.0kWm by Aging; DS=81m; FV=15m®/s (0-50Yrs); NV=5 m®/s (50-100Yrs) & 2. 5m/s ( 100-300YTs)

Temperatures

Distance from Air-intake End of Drift (m)

Note: tL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXV-1, p. XXV-2.

Figure XXV-1. Average Drift Wall Temperatures for Case 24: HF5N5V8A

Average Air Temperatures
LL=1.0kWm by Aging; DS=81m; FV=15mYs (0-50Yrs); NV=5 m¥s (50-100Yrs) & 25m*s (100-300Yrs)

Temperatures
(Degree C)

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXV-2, p. XXV-3.

Figure XXV-2. Average Air Temperatures for Case 24: HFSNSV8A
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Average WP Surface Temperatures
LL=1.0kWm by Aging: DS=B1m; FV=15mYs (0-50Yrs); NV=5 m¥s (50-100Yrs) & 2.5m¥s (100-300Yrs)

300

100

R 200

£G 150 20 Yime (Year) |
89 100 10
g ‘
g & 50 ¢

£a

-

100 200 300

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXV-3, p. XXV-4.

Figure XXV-3. Average Waste Package Surface Temperatures for Case 24: HFSN5V8A

Drift Wall and WP Surface Temperatures
LL=1.0kWm by Aging; DS=81m; FV=15m¥s (0-50Yrs); NV=5m?/s (50-100Yrs) & 2.5m%s (100-300Yrs)
“ 200 1 I 1
—___ WP Surface (500-600m; Peak:94C@710Yrs) ;
I Drift Wail (500-600m; Peak:92C@730Yrs) |
o r ‘ ‘ j
o 150 i WP Surface (200-300m; Peak:90C@750Yrs) —— |
O i .
) l Drift Wall (200-300m; Peak:88C@830Yrs)
s | |
§ 100 \
5 ‘
o
Q
Q.
E
2

0 200 400 600 800 1000
Time (Year)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXV-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 24: HFS5N5V8A
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Ventilation Efficiency
LL=1.0kW/m by Aging, DS=81m, FV=15mf/s (0-50Ys), NV=5mfs (50-100Yrs) & 2.5mP/s (100-300Yrs)
100%
i 1
I !
80% ;
— L E\IF\.‘_\i
w 60% — 7 -
g _ +\‘r\‘
E A
& L
= 40% Average Ventilation Efficiency: & 50Yrs |—
@ T1%over50 Yrs .
- | 67T%over100Yrs —e— 100¥rs
20% 62% over 300 Yrs —a-300Yrs [
0% L ‘
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXV-5. Average Heat Removal Rates at Different Drift Segments for Case 24: HFSNSV8A

Ventilation Efficiency |
LL=1.0kW/m by Aging, DS=81m, FV=15m¥s (0-50Yrs), Nv=5md/s (50-100Yrs) & 2.5nP/s {100-300Yrs) i

1000 : i
i f | \
! !
Average Ventilation Efficiency: !
3 71% over 50 Yrs
750 67%over100Yrs i
62%over300Yrs ;
o |
500 |

—— Heat Generation Rate:

| /—\ ] — Heat Removal Rate
250 :

Power (kW)

-
|

:. 0 50 100 150 200 250 300
1 Time (Year)
|

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXV-6. Overall Heat Generation and Removal Rates at Different Time for Case 24: HF5SNSV8A

CAL-SVS-HV-000003 REV 00 ICN 01 XXV-% May 2001



ATTACHMENT XXVI

TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 25: HFSN3VI8

1
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ATTACHMENT XXVI
TEMPERATURES AND HEAT REMOVAL RATES FOR CASE 25: HFSN3VI8

This attachment provides the results of calculations of temperatures and ventilation efficiency
(heat removed) for a linear heat load of 1.45 kW/m with a forced ventilation air flow rate of
15 m>/s from O to 50 years and natural ventilation air flow rates of 3 m*/s from 50 to 100 years,
1.5 m’/s from 100 to 300 years, and 1.0 m>/s from 300 to 10,000 years. Drift spacing for this
case is 81 m. Ventilation efficiency is calculated for up to 10,000 years. All data presented in
this attachment are obtained from DTN: MO0103MWDTEMO00.007.
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Table XXVI-1. Average Drift Wall Temperatures (°C) at Different Time and Locations during Ventilation
for 1.45 KW/m, 15 m*/s (0-50 Years), 3 m*/s (50-100 Years), 1.5 m/s (100-300 Years), and 1.0 m*/s (300-
10,000 Years) (Drift Spacing = 81 m)

. Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 25.22 25.22 25.22 25.22 25.22 25.22
1.00 46.13 49.92 53.10 55.75 5797 59.83
5.00 4544 51.65 57.34 62.51 67.16 71.37
10.00 43.77 49.80 55.63 61.24 66.61 71.70
15.00 42.19 47.78 53.26 58.62 63.84 68.91
20.00 40.86 46.04 51.14 56.14 61.04 65.85
26.00 39.42 44.21 48.91 53.56 58.13 62.61
30.00 38.54 42.99 47.39 51.71 55.98 60.17
40.00 36.70 40.74 4475 48.71 52.63 56.50
50.00 35.20 38.75 42.29 45.82 49.33 52.83
60.00 52.38 58.24 63.32 67.80 71.84 75.52
70.00 52.57 60.53 67.43 7343 78.70 83.35
80.00 50.58 58.56 65.79 72.31 78.16 83.42
90.00 48.79 56.40 63.41 69.84 75.73 81.12
100.00 47.24 54.47 61.17 67.38 73.13 78.43
125.00 53.31 61.15 67.98 73.99 79.35 84.16
150.00 51.00 '59.40 66.69 73.06 78.64 83.57
200.00 48.01 56.07 63.28 69.70 75.41 80.49
250.00 46.04 53.60 60.48 66.72 72.36 77.44
300.00 44.57 51.74 58.33 64.36 69.86 74.87
400.00 46.07 53.43 59.96 65.81 71.06 75.80
500.00 44.66 52.14 58.80 64.74 70.06 74.81
600.00 43.19 50.41 56.95 62.87 68.20 73.01
700.00 41.88 48.77 55.10 60.89 66.16 70.96
800.00 40.62 47.17 53.25 58.87 64.04 68.77
900.00 39.50 45.71 51.53 56.96 61.98 66.63
1000.00 38.56 44.45 50.01 55.23 60.11 64.64
1500.00 35.02 40.10 45.04 49.81 54.37 58.68
2000.00 32.95 37.01 41.12 45.20 49.22 53.12
3000.00 31.04 34.14 37.34 40.59 4387 47 .14
4000.00 30.25 32.74 35.27 37.85 40.47 43.13
5000.00 29.78 31.94 34.09 36.24 38.39 40.56
6000.00 29.45 31.42 33.33 35.21 37.07 38.92
7000.00 29.15 30.96 32.72 34.43 36.09 37.71
8000.00 28.90 30.60 32.22 33.80 35.32 36.80
9000.00 28.68 30.27 31.79 33.26 34.68 36.04
10000.00 28.47 29.97 31.40 32.78 34.11 35.38
Source: DTN: MO0103MWDTEMO00.007
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Table XXVI-2. Average Air Temperatures (°C) at Different Time and Locations during Ventilation for
1.45 KW/m, 15 ms (0-50 Years), 3 m*/s (50-100 Years), 1.5 m*s (100-300 Years), and 1.0 m*/s (300-
10,000 Years) (Drift Spacing = 81 m)

. Location Measured from Air-intake End (m)
Time (Year)
0-100 100-200 200-300 300-400 400-500 500-600
0.00 25.00 25.00 25.00 25.00 25.00 25.00
1.00E-04 27.59 27.59 27.59 27.59 27.59 27.59
1.00 29.88 33.97 37.39 40.25 42.64 ' 44.64
5.00 32.05 38.53 44.44 49.79 54.62 58.95
10.00 31.61 38.04 4425 50.22 55.90 61.27
15.00 31.06 37.02 42.86 48.57 54.14 59.55
20.00 30.58 36.08 4149 46.80 52.02 57.14
26.00 30.13 35.18 40.17 45.09 49.93 54.70
30.00 29.74 34.43 39.05 43.61 48.11 52.55
40.00 29.29 33.55 37.77 41.95 46.08 50.17
50.00 28.73 32.46 36.19 39.90 43.60 47.28
60.00 32.88 39.58 45.39 50.53 55.15 59.38
70.00 35.94 4539 53.55 60.63 66.81 7224
80.00 35.51 45.06 53.68 61.42 68.35 74.55
90.00 34.75 43.76 52.05 59.66 66.62 72.97
100.00 34.08 42.53 50.38 57.65 64.38 © 70.59
125.00 36.34 46.06 54.52 61.97 68.61 7457
150.00 37.02 47.39 56.35 64.13 70.93 76.91
200.00 35.81 4552 54.18 61.88 68.71 74.76
250.00 34.70 43.59 51.69 59.03 65.67 71.65
300.00 33.93 42.19 49.79 56.77 63.15 68.96
400.00 34.78 43.38 51.03 57.88 64.04 69.60
500.00 34.74 43.40 51.09 57.95 64.07 69.56
600.00 34.03 42.27 49.75 56.51 62.60 68.08
700.00 33.35 41.10 48.23 54.77 60.74 66.16
800.00 32.73 39.99 46.76 53.03 - 58.81 64.12
900.00 32.16 38.96 45.36 51.35 56.92 62.08
1000.00 31.67 38.04 4410 49.81 55.17 60.17
1500.00 30.60 36.14 41.54 46.75 51.73 56.45
2000.00 29.26 33.66 38.12 42.55 46.92 51.17
3000.00 28.32 31.76 35.29 38.89 4250 46.11
4000.00 27.69 30.42 33.21 36.06 38.95 41.88
5000.00 27.39 29.75 32.10 34.45 36.82 . 39.21
6000.00 27.20 29.34 31.42 33.48 35.51 37.53
7000.00 27.05 29.02 30.94 32.79 34.60 36.38
8000.00 26.92 28.76 30.53 32.25 33.90 35.51
9000.00 26.80 28.53 30.19 31.79 33.33 34.81
10000.00 26.70 28.33 29.89 31.39 32.83 34.21
Source: DTN: MOO103MWDTEMO00.007
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Table XXVI-3. Average Waste Package Surface Temperatures (°C) at Different Time and Locations
during Ventilation for 1.45 kW/m, 15 m*s (0-50 Years), 3 m*/s (50-100 Years), 1.5 m*s (100-300 Years),
and 1.0 m*/s (300-10,000 Years) (Drift Spacing = 81 m)

. Location Measured from Air-intake End (m)
Time (Year) 0-100 100-200 200-300 300-400 400-500 500-600
0.00 70.00 70.00° 70.00 70.00 70.00 70.00
1.00E-04 68.02 68.02 68.02 68.02 68.02 68.02
1.00 74.51 77.86 80.67 83.03 8500 |  86.65
5.00 71.27 76.70 81.70 86.26 90.37 94.10
10.00 67.48 72.76 77.91 82.89 87.68 92.24
15.00 64.11 69.05 73.92 7870 | 83.38 87.95
20.00 61.25 65.87 70.43 74.92 79.34 83.69
26.00 58.14 62.45 66.70 70.90 75.05 79.14
30.00 56.25 60.27 64.26 68.19 72.08 75.92
40.00 52.18 55.88 59.56 63.21 66.83 70.41
50.00 48.85 5213 55.41 58.69 61.96 65.22
60.00 65.54 70.98 75.69 79.86 83.61 87.04
70.00 64.13 71.61 78.13 83.80 88.78 93.19
80.00 61.09 68.63 75.48 81.67 87.25 92.27
90.00 58.47 65.69 72.35 78.48 84.11 89.27
100.00 56.22 63.10 69.49 75.43 80.93 86.03
125.00 61.20 68.71 75.26 81.04 86.19 90.83
150.00 57.72 55.83 72.90 79.06 84.47 89.25
200.00 53.67 61.49 68.50 74.75 80.33 85.28
250.00 51.07 58.42 65.13 71.22 76.73 81.70
300.00 49.15 56.14 62.57 68.46 73.85 78.77
400.00 50.03 57.23 63.63 69.36 74.51 79.16
500.00 48.10 55.44 61.99 67.84 73.07 77.75
600.00 46.24 53.34 59.78 65.61 70.88 75.62
700.00 44.62 51.40 57.65 63.36 68.57 73.31
800.00 43.09 49.54 55.55 61.10 66.21 70.89
900.00 41.74 4787 53.62 58.98 63.96 68.56
1000.00 40,62 46.44 51.93 57.10 61.93 66.42
1500.00 36.46 41.49 46.40 51.14 55.66 59.96
2000.00 34.10 38.13 42.20 46.27 50.26 54.15
3000.00 31.97 35.05 38.23 41.47 4474 48.00
4000.00 31.10 3358 36.10 38.66 4128 43.92
5000.00 30.57 32.72 34.86 37.00 39.15 4131
6000.00 30.19 32.15 34.06 35.94 37.79 39.63
7000.00 29.83 31.65 33.40 35.11 36.76 38.39
8000.00 29.54 31.24 32.87 34.44 35.96 37.43
9000.00 29.28 30.87 32.40 33.87 35.28 36.65
10000.00 29.03 30.53 31.97 33.35 34.68 35.95
Source: DTN: MOOT03MWDTEMO0.007
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Table XXVI-4. Heat Removed (kW) by Ventilation at Different Time and Locations for 1.45 kW/m,
15 m%fs (0-50 Years), 3 m*/s (50-100 Years), 1.5 m’/s (100-300 Years), and 1.0 m*/s (300-10,000 Years)

(Drift Spacing = 81 m)

Location Measured from Air-intake End {m)
Time (Year) 0-100 100-200 200-300 300-400 400-500 500-600
0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00E-04 35.80 35.80 35.80 35.80 35.80 35.80
1.00 67.58 56.52 47.28 39.54 33.07 27.66
5.00 97.57 89.60 81.73 74.09 66.79 59.96
10.00 91.39 88.99 86.00 82.48 78.58 74.41
15.00 83.89 82.39 80.79 79.00 77.04 74.86
20.00 77.25 76.03 74.82 73.55 72.21 70.81
26.00 70.92 69.98 69.01 68.02 67.00 65.94
30.00 65.62 64.80 63.96 63.12 62.26 61.38
40.00 59.35 58.88 58.38 57.82 57.23 56.59
50.00 51.62 51.61 51.53 51.39 5117 50.90
60.00 20.56 17.49 15.16 13.40 12.06 11.03
70.00 28.55 24.65 21.30 18.48 16.12 1417
80.00 27.42 24.93 22.50 20.20 18.08 16.16
90.00 25.44 23.51 21.64 19.86 18.16 16.56
100.00 23.70 22.05 20.48 18.97 17.55 16.20
125.00 14.30 12.25 10.66 9.39 8.37 7.51
150.00 15.15 13.06 11.29 9.81 8.57 7.53
200.00 13.63 12.24 10.92 9.70 8.60 7.63
250.00 12.22 11.20 10.21 9.26 8.36 7.53
300.00 11.25 10.41 9.59 8.79 8.04 7.33
400.00 8.00 7.04 6.26 5.60 5.04 455
500.00 7.97 7.08 6.30 5.61 5.01 4.49
600.00 7.39 6.74 6.12 5.53 498 4.48
700.00 6.83 6.34 5.84 5.35 4.88 4.44
800.00 6.33 5.94 5.54 5.13 473 434
900.00 5.86 5.56 524 4.90 456 422
1000.00 5.45 522 4.95 4.67 438 4.09
1500.00 458 453 4.42 426 407 3.86
2000.00 3.49 3.60 3.64 3.63 357 3.47
3000.00 272 2.81 289 2.94 2.96 2.95
4000.00 2.20 224 2.8 233 237 239
5000.00 195 1.93 1.92 193 1.04 1.95
6000.00 1.80 1.75 1.71 168 1.66 165
7000.00 168 162 1.56 152 148 145
8000.00 157 1.51 145 1.40 136 1.31
9000.00 1.48 1.42 1.36 1.31 1.26 1.21
10000.00 1.39 1.33 1.28 1.23 1.18 113
Source: DTN: MOOT03MWDTEM00.007
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Table XXVI-5. Calculation of Overall Ventilation Efficiency for 600m-long Drift for 1.45 kW/m, 15 m>/s (0-
50 Years), 3 m*/s (50-100 Years), 1.5 m*/s (100-300 Years), and 1.0 m¥s (300-10,000 Years) (Drift

Spacing = 81 m)

) Rate of Heat R:::e;fa ElZa " Heat ] Rate of Heat Ra‘::i:fa gzat Heat
Time % of Heat | Generated Generated Generated Time Removed Removed Removed
(year) Decay per 600m per 600m per 600m (year) per 600m per 600m per 600m

(kW) (W) (GJ) (kW) (W) (GJ)
1.00E-04 100.00% 870.00 870.00 2.74 1.00E-04 214.82 107.41 0.34

1.00 96.99% 843.84 856.92 27021.20 1.00 271.66 243.24 7670.07
5.00 87.93% 764.96 804.40 101470.60 5.00 469.74 370.70 46761.31
10.00 79.35% 690.37 727.67 114738.26 10.00 501.84 485.79 76599.37
15.00 72.23% 628.43 659.40 103973.79 15.00 477.97 489.91 77248.24
20.00 66.23% 576.22 602.32 94974.15 20.00 444.67 461.32 72740.48
26.00 59.89% 521.01 548.62 103807.02 26.00 410.86 427.76 80939.32
30.00 56.11% 488.18 504.60 63651.70 30.00 381.14 396.00 49952.75
40.00 48.24% 419.68 453.93 143151.62 40.00 348.25 364.69 115009.73
50.00 41.94% 364.89 392.29 123711.69 50.00 308.23 328.24 103513.19
60.00 36.88% 320.81 342.85 108121.88 60.00 89.70 198.96 62745.18
70.00 32.81% 285.42 303.12 95590.81 70.00 123.26 106.48 33579.91
80.00 29.47% 256.40 270.91 85434.15 80.00 129.28 126.27 39821.71
90.00 26.76% 232.84 244.62 77142.91 90.00 125.18 127.23 40123.27
100.00 24.52% 213.32 223.08 70349.62 100.00 118.95 122.06 38493.67
125.00 21.21% 184.50 198.91 156819.84 125.00 62.48 90.71 71518.35
150.00 17.89% 155.68 170.09 134098.48 150.00 65.42 63.95 50415.54
200.00 14.85% 129.19 142.43 224589.03 200.00 62.71 64.06 101016.39
250.00 13.03% 113.33 121.26 191201.22 250.00 58.79 60.75 95789.35
300.00 11.76% 102.34 107.84 170036.07 300.00 55.41 57.10 90029.43
400.00 9.97% 86.72 94.53 298108.41 400.00 36.48 45.95 144892.64
500.00 8.66% 75.37 81.04 255582.09 500.00 36.45 36.47 115000.25
600.00 7.65% 66.56 70.96 223793.02 600.00 35.24 35.84 113039.48
700.00 6.83% 59.40 62.98 198605.64 700.00 33.67 34.45 108654.57
800.00 6.14% 53.44 56.42 177916.80 800.00 32.00 32.83 103544.96
900.00 5.55% 48.29 50.86 160400.50 900.00 30.33 31.17 98285.13
1000.00 5.08% 44.19 46.24 145814.38 1000.00 28.77 29.55 93187.17
1500.00 3.50% 30.43 37.31 588256.69 1500.00 25.73 27.25 429630.68

2000.00 2.75% 23.91 27.17 428406.28 2000.00 21.40 23.57 371581.29
3000.00 2.16% 18.75 21.33 672745.04 3000.00 17.27 19.33 609740.13
4000.00 1.94% 16.87 17.81 561711.61 4000.00 13.81 15.54 489950.95
5000.00 1.78% 15.53 16.20 510817.50 5000.00 11.62 12.71 400969.74
6000.00 1.67% 14.50 15.01 473433.41 6000.00 10.25 10.93 344831.70
7000.00 1.55% 13.45 13.97 440617.49 7000.00 9.31 9.78 308361.68
8000.00 1.45% 12.60 13.02 410699.84 8000.00 8.60 8.95 282351.85
9000.00 1.36% 11.83 12.21 385200.43 9000.00 8.03 8.31 262144.98
10000.00 1.28% 11.10 11.46 361495.39 10000.00 7.54 7.78 245433.97
Total heat generated in 50 years (GJ) 876502.77 Total heat removed in 50 years (GJ) 630434.80
Total heat generated in 100 years (GJ) 1313142.14 Total heat removed in 100 years (GJ) 845198.54
Total heat generated in 300 years (GJ) 2189886.77 Total heat removed in 300 years (GJ) 1253967.61
Total heat generated in 10.000 years (GJ) 8483491.29 Total heat removed in 10,000 years (GJ) 5775568.76

Percentage of total heat removal in 50 years = 72%

Percentage of total heat removal in 100 years = 64%

Percentage of total heat removal in 300 years = 57%

Percentage of total heat removal in 10,000 years = 68%

Source: DTN: MO0O103MWDTEMO00.007
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Average Drift Wall Temperatures
LL=1.45kW/m; DS=81m; FV=15m¥s (0-50Yrs); NV=3 md/s (50-100Yrs}, 1.5m?/s (100-300Yrs) &
1mdfs (300-10,000Yrs)

Time (Year)

Temperatures
(Degree C)

300 400 500

600

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXVI-1, p. XXVI-3.

Figure XXVI-1. Average Drift Wall Temperatures for Case 25: HFSN3VI8

t

Average Air Temperatures
LL=1.45kW/m; DS=81m; FV=15m/s (0-50Yrs); NV=3 m¥/s (50-100Yrs), 1.5m¥s (100-300Yrs) &
1m¥/s (300-10,000Yrs}

Time (Year)

Temperatures
(Degree C)

Distance from Air-intake End of Drift {(m) ‘

Note: LL=lnitial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXVI-2, p. XXVI-4.

Figure XXVI-2. Average Air Temperatures for Case 25: HFSN3VI8
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Average WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15m¥s (0-50Yrs); NV=3 m¥s (50-100Yrs), 1.5m¥s (100-300Yrs) &
1m¥fs (300-10,000Yrs)

Time (Year)

Temperatures
(Degree C)

200 300 400 o0 o

Distance from Air-intake End of Drift (m)

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.
For obliterated numbers, see Table XXVI-3, p. XXVI-5.

Figure XXVI-3. Average Waste Package Surface Temperatures for Case 25: HFSN3VI8

Drift Wall and WP Surface Temperatures
LL=1.45kW/m; DS=81m; FV=15mfs (0-50Yrs); NV =3m/s (50-100Yrs), 1.5m?s (100-300Yrs) &
1md/s (300-10,000Yrs)

] 1

____ WP Surface (500-600m; Peak:94C@5Yrs) |
Drift Wall (500-600m; Peak:84C@125Yrs)

—— WP Surface (200-300m; Peak:82C@5Yrs) f—
___ Drift Wall (200-300m; Peak:67C@70Yrs) }

200

150

100 |

50 ——————=

Temperatures (Degree C)

1 10 100 1000 10000
l Time (Year)

L

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXVI-4. Average Drift Wall and Waste Package Surface Temperatures at Different Time and
Locations for Case 25: HFS5N3VI8

CAL-SVS-HV-000003 REV 00 ICN 01 XXVI-9 May 2001




Ventilation Efficiency
LL=1.45kW/m, DS=81m, FR=15m?3s (0-50Yrs), NV=3m?/s (50-100Yrs}, 1.5m3/s (100-300Yrs) &

1m3/s (300-10,000Yrs)
100% :
|
80% |
£ ib\*@@
< k . ——
©  60% — S S
> | r\i T ———
——
% ] A ——{
x  40% Average Ventilation Efficlency: —a—50Yrs
P - 72%over50Yrs - o o— 100 Yrs
T 64%over 100 Yrs .
20% 57%over300Yrs ... - ——300Yrs | |
: 63%o0ver10,000Yrs . = —e— 10,000 Yrs
0% L
1 2 3 4 5 6
Drift Segment No.

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXVI-5. Average Heat Removal Rates at Different Drift Segments for Case 25: HFSN3VI8

Ventilation Efficiency
LL=1.45kW/m, DS=81m, FR=15m3/s (0-50Yrs), NV=3m3s (50-100Yrs}), 1.5m%s (100-300Yrs) &
1m3/s (300-10,000Yrs)
1000
I Average Ventilation Efficiency:
800 | 72% over 50 Yrs
64% over 100 Yrs
| S7%over 300 Yrs :
S 600 68% over 10,000 Yrs -
ey
g i ‘
S 400 ‘ —__ Heat Generation Rate:——
I o
, \ — Heat Removal Rate |
200 , ‘ |
] :
0 L . . . . -
1 10 100 1000 10000

Time (Year)

i

Note: LL=Initial Linear Heat Load; DS=Drift Spacing; FV=Forced Ventilation; NV=Natural Ventilation.

Figure XXVi-6. Overall Heat Generation and Removai Rates at Different Time for Case 25: HF5N3VI8
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ATTACHMENT XXVII

CALCULATION OF IN-DRIFT RELATIVE HUMIDITY FOR CASE 25: HFSN3VI8

A
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ATTACHMENT XXVII
CALCULATION OF IN-DRIFT RELATIVE HUMIDITY FOR CASE 25: HFSN3VIS8

This attachment provides the results of calculations of in-drift relative humidity for a linear heat
load of 1.45 kW/m with a forced ventilation air flow rate of 15 m*/s from 0 to 50 years and
natural ventilation air flow rates of 3 m’/s from 50 to 100 years, 1.5 m>/s from 100 to 300 years,
and 1.0 m®/s from 300 to 10,000 years. Drift spacing for this case is 81 m. All data presented in
this attachment are obtained from DTN: MO0103MWDTEMO00.007. '

The calculation used an average inlet air of 25°C dry bulb temperature at 30 percent relative
humidity (see Section 5.3.2). The ventilation air is allowed to cross the emplacement drift
picking up the heat of the waste packages and all the potential moisture influx of 60 mm per
year, inclusive of the 600-m long emplacement drift aerial footprint.

Table XXVII-1 is a psychrometric calculation showing various potential temperatures and
humidities of intake air in the emplacement drift. The table headings are described further with
nomenclature and equations below. The formulas or equations used are taken from Mine
Ventilation and Air Conditioning (Hartman et al. 1997, pp. 12 to 18). Table XXVII-1 shows the

specific psychrometric properties of the intake air at typical 25°C dry bulb temperature and 30
percent relative humidity in the repository horizon.

The same psychrometric calculation is applied to Tables XXVII-2 and XXVII-3 using various
dry bulb air temperatures of ANSYS output and moisture mass present in the ventilation air as a
result of water influx from the rock formation.

Calculations are converted to English Units by using the reference material equations or
formulas for air psychrometry and conversion factors from Mine Ventilation and Air

Conditioning (Hartman et al. 1997, pp. 12 to 18) and Perry's Chemical Engineers’ Handbook
(Perry and Green 1984, Table 1-5).

Calculation of water influx rate into the emplacement drift

(1).  Drift aerial configuration is 600 m x 5.5 m or approximately 2,000 ft x 18 ft for a total
area of 36,000 ft’.

(2).  Conversion of total water influx at 60 mm/year is 2.362 inches/yr or 0.19685 ft/yr.

(3). Total annual water volume in emplacement drift is 36,000 fi x 0.19685 ft/yr or
7,086.600 ft*/yr. -

(4). Total annual mass of water in emplacement drift is 7,086.600 fP/yr x 62.4 1b/ f® or
442.203.84 1b/yr

(5).  Conversion rate of water influx to Ib/min or grains/min at 100 percent evaporation is

442.203.84 1b/yr / 365 days/yr / 24 hr/day / 60 min/hr or 0.84133 Ib/min

CAL-SVS-HV-000003 REV 00 ICN 01 XXVII-2 May 2001




At 7,000 grains per pound,

Total water (moisture) influx rate to air is 0.84133 Ib/min x 7,000 grains/lb = 5,889.31
grains/min, using the conversion factor from Perry's Chemical Engineers' Handbook
(Perry and Green 1984, Table 1-5).

Mass of Moisture in Emplacement Drift Air

D). The inlet air is 77°F (25°C) dry bulb temperature at 30 percent relative humidity. The
calculated psychrometric properties of the inlet air is shown in Table XXVII-1. For Case
4, Column M shows the inlet air has initial moisture content of 47.25 grains/1b air.

(2). The inlet air specific volume is 15.633 f£2/1b as shown in Table XXVII-1, Column N, for
Case 4.

(3).  Atan air volume conversion rate of 1 m3/s = 2,118.644 f}/min, the mass equivalent flow
rate of air and moisture in the emplacement drift are as follows:

a) Air Quantity @15 m’/s = 2,118.644 ft*/min/(m*s) x 15 m*/s = 31,779.66 ft’/min
Air Mass = 31,779.66 ft*/min / 15.633 ft’/lb = 2032.857 Ib/min
Total moisture rate added by water influx is 5,889.31 grains/min
Average distriblition of added moisture in mass of air,
5,889.31 grains/min / 2,032.857 Ib/min = 2.897 grains/lb
New total moisture content of air = initial + water influx
= 47.25 grains/Ib + 2.897 grains/lIb = 50.15 grains/lb.
b) Air Quantity @ 3 m/s = 2,118.644 ft*/min/(m*/s) x 3 m’/s = 6,355.93 ft’/min
Air Mass = 6,355.93 ££/min / 15.633 ft*/Ib = 406.571 Ib/min
Total moisture rate added by water influx is 5,889.31 grains/min
Average distribution of added moisture in mass of air, |
5,889.31 grains/min / 406.571 1b/min = 14.485 grains/lb
New total moisture content of air = initial + water influx
= 47.25 grains/Ib + 14.485 grains/lb = 61.738 grains/lb.
¢) Air Quantity @ 1.5 m*/s = 2,118.644 f/min/(m’/s) x 1.5 m*/s = 3,177.97 ft’/min

Air Mass = 3,177.97 f*/min / 15.633 ft*/Ib = 203.286 Ib/min
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Total moisture rate added by water influx is 5,889.31 grains/min
Average distribution of added moisture in mass of air,

5,889.31 grains/min / 203.286 1b/min = 28.971 grains/lb
New total moisture content of air = initial + water influx

= 47.25 grains/lb + 28.971 grains/lb = 76.224 grains/lb.

d) Air Quantity @ 1.0 m*/s = 2,118.644 ft*/min/(m’/s) x 1.0 m*/s = 2,118.64 ft’/min

Air Mass - 2,118.64 ft*/min / 15.633 ft’/1b = 135.524 1b/min
Total moisture rate added by water influx is 5,889.31 grains/min
Average distribution of added moisture in mass of air,

5,889.31 grains/min / 135.524 1b/min = 43.456 grains/lb
New total moisture content of air = initial + water influx

= 47.25 grains/lb + 43.456 grains/lb = 90.709 grains/Ib.

(4).  Given the mass content'of moisture in the exhaust air, in grains per pound, the relative
humidity is calculated through the equations and formulas shown in Table XVVII-1.

This is based on the calculated dry bulb temperatures using ANSYS, as shown in Column
D of Tables XXVII-2 and XXVII-3.

(5). Table XXVII-2, Column K data are calculated relative humidity predictions in the next

10,000 years of preclosure and postclosure repository ventilation. The calculation is
based on the water influx of 60 mm per year into the emplacement drift.

Effects of Moisture on Predicted Thermal Response

The thermal prediction of emplacement drift climate through ANSYS simulation considers only
the case when there is no moisture influx from the rock formation. ANSYS calculates the dry
bulb temperature of the air in the emplacement drift. The moisture mass in the ventilation air
crossing the entire 600-m long emplacement drift is constant.

Since this calculation has included the change in the moisture mass of the ventilation air because

of water influx from the rock formation, the simulation of ANSYS and the calculation of relative
humidity have some degree of uncertainty.

The effects of moisture on the predicted thermal response is shown by enthalpy comparison of
Tables XXVII-2 and XXVII-3, which show the total heat content of the ventilation air with and
without the moisture influx. The comparison of enthalpy is.focused on the ventilation air after it
crosses the 600-m long emplacement drift. Column P of Table XXVII-2 is the enthalpy of
ventilation air, including the water influx of 60 mm per year. With the same ANSYS simulation,
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Column P of Table XXVII-3 is the enthalpy of the ventilation air with a constant initial moisture
mass and no water influx.

Table XXVII-4 is the enthalpy comparison of both cases. The effects of moisture on the

predicted thermal response are judged in terms of the percent difference between the two outputs
as follows:

(1).  For ventilation air of 15 m®/s in 0-50 years, the difference is between 1.12 to 1.68
percent.

(2). For ventilation air of 3 m>/s in 50-100 years, the difference is between 5.01 to 5.68
percent.

(3).  For ventilation air of 1.5 m>/s in 100-300 years, the difference is between 9.69 to 10.37
percent.

4). For ventilation air of 1.0 m%/s in 300-10,000 years, the difference is between 15.47 to
22.89 percent.

A curve relationship of the enthalpy difference (percent) versus the air quantity for all cases
(10,000 years) is shown Figure XXVII-1. The difference associated with the temperature
calculations using ANSYS simulation by neglecting the effects of moisture on the thermal
response is small, especially within the first few hundred years of repository ventilation when the

air quantity is between 15 and:1.5 m>/s. The difference can become significant when the air
quantity is 1.0 m’/s or less.
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Table XXVII-1. Psychrometric Properties of Intake Ventilation Air in Emplacement Drift

A B c D E F G H | J K L | ™ N 0 P Q M
Dry Bulb | Dry Bulb | WetBulb | WetBulb Bar. Sat. Vapor | Sat. Vapor | Partial Relative Specific Humidity Specific | Air Density | Enthalpy
Temp. Temp. Temp Temp Pres. Ave. | Pres. at Td | Pres. at Tw P:leasz?;e Humidity | Moisture | Moisture Volume Moist Air | Heat Cont. | Moisture | Moisture
?/amt'pllet ‘Inta:‘e Td Td Tw Tw Pb Ps Ps' Pv R W (H20) | W*7000 v w h g/kg W*7000
entilation Air
Equiv. of | Assumed | Adjusted | Equiv. Of | Assumed Calculated | Calculated | Calculated | Calculated | Calculated | Calculated [ Calculated | Calcutated Calculated | Calculated input
Col D Empl Air to fit Col. € Ave Field Col M x
Case Intake Col. K Data 0.1429
0, H n
oF oc oF c nchHg | inchHg | inchHg | inchHg | 4RE. | ibb dry air Grainsiib | ponp ory air| i | Btwibair | GramiKg Gra;?f"b
Input °C | Adjusted Input "Hg Calc Input
Trial Desired
Number Number
1 77.00 25 51.384 10.77 26.2 0.93763 | 0.38261 0.14064 15.00 0.00336 23.50 16.549 0.06452 22.155 3.36 23.50
2 77.00 25 53.331 11.85 26.2 0.93763 | 0.41107 | 0.18753 20.00 0.00448 31.39 15.577 0.06447 23.389 4.49 31.39
3 77.00 25 55.205 12.89 26.2 0.93763 | 0.44019 | 0.23440 25.00 0.00561 39.30 15.605 0.06443 24.626 5.62 39.30
4 Use this 77.00 25 57.011 13.90 26.2 0.93763 [ 046996 | 0.28129 30.00 0.00675 47.25 15.633 0.06438 25.869 6.75 47.25
5 77.00 25 58.754 14.86 26.2 0.93763 [ 0.50034 [ 0.32817 35.00 0.00789 55.23 15.662 0.06434 27.116 7.89 55.23
6 77.00 25 60.436 15.80 26.2 0.93763 | 0.53128 | 0.37504 40.00 0.00903 63.23 15.690 0.06430 28.368 9.04 63.23
7 77.00 25 62.062 16.70 26.2 0.93763 | 0.56277 | 0.42193 45.00 0.01018 71.27 15.719 0.06425 29.624 10.18 71.27
8 77.00 25 63.634 17.57 26.2 0.93763 | 0.59476 | 0.46881 50.00 0.01133 79.33 15.747 0.06421 30.885 11.34 79.33
9 77.00 25 65.156 18.42 26.2 0.93763 | 0.62724 | 0.51569 55.00 0.01249 87.42 16.776 0.06417 32.151 12.49 87.42
10 80.00 26.668 59.150 15.08 26.2 1.03492 | 0.50748 | 0.31074 30.03 0.00747 52.26 15.739 0.06400 27.383 7.47 52.26

Note: T4 = temperature dry bulb, °F; T,, = temperature wet bulb, °F; P, = barometric pressure, inch Hg.

Formulas used to determine characteristics of air are listed as follows (Hartman et al. 1997, pp. 12 to 18) and (Perry and Green 1984,
Table 1-5): :

Saturated Vapor Pressure (at Tg), Ps = 0.18079xer(((17.27xT4)-552.64)/(T4+395.14)), inches Hg
Saturated Vapor Pressure (at Ty), Ps'= 0.18079xe(((17.27xT,)-552.64)/(T,+395.14)), inches Hg
Vapor Pressure, Pv = Ps'-((Pb-Ps') x (To-To))/(2800-1.3xTy), inches Hg

Relative Humidity, R = (Pv/Ps) x 100%

Specific Humidity, W = 0.622x (Pv/(Pb-Pv)), Ib/lb dry air, or

Grains Specific Humidity, Wx7000 = 0.622x(Pv/(Pb-Pv)) x7000, grains water vapor/ib dry air
Specific Volume, v = 53.35x(460+Td)/((Pb-Pv)x0.491x144), ft"3/lb

Moist Air density, w = (1.325/(460+Td)) x (Pb-.378"Pv), Ib/ftA3

Enthalpy, h =0.24xTd+Wx (1060+0.45xTd), Btu/lb dry air




Table XXVII-2. Psychrometric Properties of Ventilation Air in Emplacement Drift - at 600 m with Variable Moisture

10 NOI 00 ATd €00000-AH-SASTVD
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A 8 ¢ 0 E F G H ] J K L | M N 0 P Q M
Dry Bulb Dry Butb Wet Bulb Waet Bulb Bar. Sat. Vapor | Sat. Vapor Partlal Relative Specific Humidity Specific | Alr Density ipy
Test Sta. & Remarks Temp. Temp. Temp TYemp Pres. Ave. | Pres. at Td | Pres. at Tw | Vapor Pres. | Humidity M . Molsture Volume Molst Air | Heat Cont. Moisture Molsture
Td Td Tw Tw Pb Ps P’ Pv R W (H20) W*7000 v w h g/kg W*7000
Equlv. of Observed Adjusted Equiv. Of Observed | Calculated | Calculated | Cal d | Calcutated | Caiculated | Calculated | C lated | Calculated |C d [Calculated input
Col O Fleld to fit Col. E Fleld Col M x
Year Alr Qauntity Col. M 0.1429
m's °F °C hd C Inch Hg inch Hg Inch Hg inch Hg | % Rel. Hum. | Ibflb dry ale | Grains/b air #01b dry air bt Btu/lb air Gram/Kg |GrainsAb alr
input *oC Input “Hg input
600m 600m
0.0001 15 81.66 27.59 59.268 15.15 26.2 1,09238 0.50962 0.29834 27.31 0.00716 5015 16.779 0.06381 27.456 7.17 50.15
1 15 11235 44.64 _68.697 20.39 262 2.78422 0.70887 0.29834 10.72 0.00716 50.15 16.673 0.06039 34.921 7.17 50.15
5 15 138.11 58.95 75.315 24.06 26.2 5.61866 0.88660 0.29834 5.31 0.00716 50.15 17.424 0.05779 41.186 7.7 50.15
10 15 142.29 61.27 76.299 24.61 26.2 6.25627 0.91608 0.29834 4.77 0.00716 50.15 17.545 0.05739 42.201 7.17 50.15
15 15 139.19 $9.55 75.572 24.21 26.2 5.77797 0.89421 ~ 0.29834 5.16 0.00716 50.15 17.455 0.05769 41.448 7147 50.15
20 15 134.85 57.14 74.532 2363 262 5.16061 0.86372 0.29834 578 0.00716 50.16 17.329 0.05811 40.393 7.17 50.15
26 15 130.46 54.7 73.453 23.03 26.2 4.59399 0.83304 0.29834 6.49 0.00716 50.15 17.201 0.05854 39.325 717 50.15
30 15 126.59 52.55 72479 22.49 26.2 4.13978 0.80617 0.29834 7.21 0.00716 50.15 17.088 0.05893 38.384 717 50.15
40 15 122.31 5017 71.375 21.87 26.2 3.68248 0.77663 0.29834 8.10 0.00716 50.15 16.963 0.05936 3r.342 7.17 50.15
50 15 117.10 47.28 69.996 21.11 26.2 3.18614 0.74106 0.29834 9.36 0.00716 50.15 16.812 0.05989 36.077 7.17 50.15
60 3 138.88 59.38 77.189 2510 26.2 5.73245 0.94349 0.36631 6.39 0.00882 61.74 17.492 0.05766 43.232 8.82 61.74
70 3 162.03 72.24 82.165 27.87 26.2 10.17597 1.11034 0.36631 3.60 0.00882 61.74 18.168 0.05551 48.880 8.82 61.74
80 3 166.19 74.55 82.999 28.33 26.2 11.22451 1.14068 0.36631 3.26 0.00882 61.74 18.290 0.05515 49.894 8.82 61.74
0 3 163.35 7297 82.430 28.02 26.2 10.49794 1.11992 0.36631 3.49 0.00882 61.74 18.207 0.05540 49.200 8.82 61.74
100 3 159.06 70.59 81.559 27.53 262 8.47899 1.08873 0.36631 3.86 0.00882 61.74 18.082 0.05578 48.155 8.82 61.74
125 1.5 166.23 74.57 84.773 29.32 26.2 11.23397 1.20761 0.45078 4.01 0.01088 76.22 18.351 0.05507 52.251 10.89 76.22
150 1.5 170.44 76.91 85.567 29.76 26.2 12.38894 1.23869 0.45078 3.64 0.01089 76.22 18.474 0.05471 53.283 10.89 76.22
200 1.5 166.57 74.76 84.838 29.35 26.2 11.32421 1.21013 0.45078 3.98 0.01089 76.22 18.361 0.05504 52.335 10.89 76.22
250 1.5 160.97 71.65 83.759 28.75 262 9.92191 1.16895 0.45078 4.54 0.01089 76.22 18.197 0.05554 50.964 10.88 76.22
300 1.5 156.13 £8.96 82.802 28.22 26.2 8.83071 1.13346 0.45078 5.10 0.01089 76.22 18.055 0.05598 49.778 10.89 76.22
400 1 157.28 69.6 84.789 29.33 26.2 9.08060 1.20824 0.53470 5.89 0.01296 90.71 18.148 0.05580 52.400 12.96 90.71
500 1 157.21 69.56 84.775 29.32 26.2 9.06481 1.20771 0.53470 5.90 0.01296 90.71 18.146 0.05581 52.383 12.96 90.71
600 1 154.64 68.08 84.264 29.04 26.2 8.49667 1.18806 0.53470 6.29 0.01296 90.71 18.067 0.05605 61.728 12.96 90.74
700 1 151.09 86.16 83.590 28.66 262 7.80502 1.16263 0.53470 6.85 0.01296 90.71 17.966 0.05637 50.878 12.96 90.71
800 1 147.42 64.12 82.863 28.26 26.2 7.12327 1.13567 0.53470 7.51 0.01296 90.71 17.858 0.05671 49.976 12.96 90.71
900 1 143.74 62.08 82.122 27.85 26.2 6.49297 1.10879 0.53470 8.24 0.01296 90.7% 17.750 0.05706 49.073 12.96 90.71
1000 1 140.31 60.17 81.416 27.45 26.2 5.94664 1.08370 0.53470 8.99 0.01296 90.71 17.649 0.05738 48.228 12.96 90.71
1500 1 133.61 56.45 :80.006 26.67 262 4,99462 1,03505 0.53470 10.71 0.01296 90.71 17.452 0.05803 46.581 12,96 90.71
2000 1 124.11 51.17 77.920 25.51 26.2 3.86903 0.96655 0.53470 13.82 0.01296 0.7 17.173 0.05897 44.245 12,98 90.71
3000 1 115.00 46.11 75.818 24.34 26.2 3.00225 0.90160 0.53470 17.81 0.01296 90.71 16.905 0.05991 42.006 12.96 90.71
4000 1 107.38 41.88 73.980 23.32 26.2 241154 0.84791 0.53470 2217 0.01296 90.71 16.681 0.06071 40.134 12.86 90.71
5000 1 102.58 39.21 72.778 22.65 26.2 2.09284 0.81433 0.53470 25.55 0.01296 90.71 16.540 0.06123 38.953 12.96 90.71
6000 1 99.55 37.53 72.004 2222 26.2 1.91157 0.79333 0.53470 27.97 0.01296 90.71 16.451 0.06156 38.209 12.96 90.71
7000 1 97.48 36.38 71.466 21.93 26.2 1.79547 0.77902 0.63470 29.78 0.01296 90.71 16.3%0 0.06179 37.701 12.96 90.71
8000 1 95.92 35.51 71.054 21.70 26.2 1,71174 0.76823 0.53470 31.24 0.01296 90.71 16.344 0.06196 37.316 12.96 90.71
9000 1 94.66 ] 34.81 70.724 21.51 26.2 1.64685 0.75957 0.53470 32.47 0.01296 90.71 16.307 0.06211 37.006 12.96 90.71
10000 1 93.58 M2 70.433 21.35 262 1.59284 0.75217 0.53470 33.67 0.01296 90.71 16.275 0.06223 36.740 12,96 90.71
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Table XXVII-3. Psychrometric Properties of Ventilation Air in Emplacement Drift - at 600 m with Constant Moisture

A B C o] E F G H | J K L l M N [+] P Q M
Dry Bulb Dry Bulb Wet Bulb Wet Bulb Bar. Sat. Vapor | Sat. Vapor Partial Relative Specific HumIdity Specific | Alr Density | Enthalpy
Test Sta. & Remarks Temp. Temp. Temp Temp Pras. Ave. | Pres. at Td | Pres. at Tw | Vapor Pres. | Humidity Molsture Molsture Yolume Moist Alr_| Heat Cont, Aoisture Molsture
Td Td Tw Tw Pb Ps Ps' Pv R W (H20) W*7000 v w h glkg W'7000
Equiv. of Observed Adjusted Equlv. Of Observed | Calculated | Cal d | Caleulated | Calculated | Calculated | Cal d | Calculated | C d |Calculated Iculated Input
Col D Fleld to fit Col. E Fleld Col M x
Yoar Alr Qauntity Col. M 0.1429
mis F °C °F °C inch Hg Inch Hg inch Hg inch Hg | % Rel. Hum. | IbAb dry air | Grains/ib air b dry alr oAt Btuflb air Gram/Kg {Gralns/b air

Input *oC Input "Hg Input
600m 800m
0 0001 15 81.66 27.59 58.648 14.80 262 1,09238 0.49844 0.28128 25.75 0.00675 47.25 15.769 0.08383 27.002 6.75 47.25
i 15 112 36 44 .64 68.191 2011 26.2 278422 0.69666 0.28127 10.10 0.00675 47.25 16.662 0.06041 34.461 6.75 47.25
5 15 138 11 58.95 74.879 23.82 26.2 5.61866 0.87380 0.28127 5.01 0.00675 47.25 17.412 0.05781 40.721 6.75 47.25
10 15 142.29 61.27 75872 24.37 26.2 6.25627 0.90320 0.28127 4.50 0.00675 47.25 17.534 0.05740 41.738 8.75 47.25
15 15 139.19 59.55 75.138 23.97 26.2 5.77797 0.88139 ~ 0.28127 4.87 0.00675 47.25 17.444 0.05770 40.983 8.75 47.25
20 15 134.85 57.14 74.088 23.38 26.2 5.16061 0.85008 0.28127 5.45 0.00675 47.25 17.318 0.05812 39.929 8.75 47.25
26 15 130.46 54.7 729088 22.78 26.2 4.59399 0.82038 0.28127 8.12 0.00675 47.25 17.180 0.05855 38,862 8.75 47.25
30 15 126 59 52.55 72.014 22.23 26.2 4.13978 0.79361 0.28127 6.79 0.00675 47.25 17.077 0.05894 37.921 6.75 47.25
40 15 122 31 50.17 70.698 21.81 26.2 3.68248 0.76417 0.28127 7.64 0.00675 47.25 16.952 0.05937 36.880 6.75 47.25
50 15 117.10 47.28 69.504 20.84 26.2 3.18614 0.72872 0.28127 8.83 0.00675 47.25 16.801 0.05991 35.616 6.75 47.25
80 3 138.88 59.38 75.065 23.92 262 5.73245 0.87924 0.28127 4.91 0.00675 47.25 17.435 0.05773 40.909 6.75 47.25
70 3 162.03 72.24 80.276 26.82 262 10.17597 1.04422 0.28127 2.76 0.00675 47.25 18.109 0.05558 46.535 6.75 47.25
80 3 166.19 74 5% 81.147 27.30 26.2 11.22451 1.07428 0.28127 2.51 0.00675 47.25 18.230 0.05521 47 545 6.75 47,25
90 3 163 35 7297 80.554 26.97 262 10.49704 1.05371 0.28127 2.68 0.00675 47.25 18.147 0.05547 46.854 6.75 47.25
100 3 159.06 70.59 79.643 28.47 26.2 9.4789¢ 1.02282 0.28127 2.97 0.00675 47.25 18.022 0.05585 45.813 8.75 47.25
125 15 166.23 74.57 81.155 27.31 262 11.23397 1.07454 0.28127 2.50 0.00675 47.25 18.231 0.05521 47.554 6.75 47.25
150 15 170.44 7691 82019 27.79 262 12.38894 1.10510 0.28127 2.27 0.00675 47.25 18.354 0.05484 48.578 6.75 47.25
200 15 166.57 74.76 81.226 2735 262 11.32421 1.07701 0.28127 2.48 0.00675 47.25 18.241 0.05518 47.637 6.75 47.25
260 15 160.97 71.65 80.051 26.69 262 9.92191 1.03656 0.28127 283 0.00675 47.25 18.078 0.05568 46.277 8.75 47.25
300 15 156 13 68.96 79.007 26.12 262 8.83071 1.00174 0.28127 3.19 0.00875 47.25 17.837 0.05612 45.100 6.75 47.25
400 1 157.28 69.6 79258 2625 262 9.08060 1.01001 0.28128 3.10 0.00675 47.25 17.870 0.05601 45.380 6.75 47.25
500 1 157 21 69.56 79.242 26 25 26.2 9 06481 1.00049 0.28128 3.10 0.00675 47.25 17.968 0.05602 45.363 8.75 47.25
600 1 154 54 68 08 78.660 25.92 26.2 8.49667 0.99039 0.28128 3.31 0.00675 47.25 17.891 0.05626 44.715 8.75 47.25
700 1 151 09 66 18 77 893 25 50 26.2 7.80502 0.96568 0.28128 3.80 0.00675 47.25 17.790 0.05858 43875 6.75 47.25
800 1 147 42 64 12 77.082 25.03 262 7.12327 0.93954 0.28128 3.95 0.00675 47.25 17.683 Q.05692 42,983 6.75 47.25
900 1 143 74 62.08 76.214 24.56 262 8.49297 0.81351 0.28128 4.33 0.00875 47.26 17.576 0.05727 42.080 6.75 47.25
1000 1 140 34 60 17 75.404 2418 262 594664 0.86924 0.28128 4.73 0.00675 47.25 17.478 0.05759 41.255 6.75 47.25
1500 1 133 61 56 45 73.783 23.24 262 4.99462 0.84231 0.28128 5.83 0.00675 47.25 17.281 0.05824 39.627 6.75 47.25
2000 1 124.11 51.17 T 71370 2187 26.2 3.86903 0.77851 0.28127 7.27 0.00875 47.25 17.005 0.05919 37.317 8.75 47.25
3000 1 115.00 46 11 68.927 20.51 262 3.00225 0.71447 0.28127 9.37 0.00675 47.25 16.740 0.08013 35.104 6.76 47.25
4000 1 107.38 4188 66775 19.32 282 241154 0.66348 0.28127 11.68 0.00675 47,25 16.518 0.06094 33.253 8.75 47.25
5000 1 102.58 320 85.362 18.53 26.2 2.09284 0.63175 0.28127 13.44 0.00875 47.25 16.378 0.06146 32.085 6.75 47.25
6000 1 99 55 37.53 64.449 18.03 26.2 1.91157 0.61167 0.28127 14.71 0.00875 47.25 16.290 0.08179 31.350 8.75 47.25
7000 1 97.48 36.38 63814 17.67 26.2 1.79547 0.59853 0.28127 15.67 0.00875 47.25 16.230 0.06202 30.847 6.75 47.25
8000 1 95 92 35.51 63.328 17.40 26.2 171174 0.58841 0.28127 16.43 0.0067% 47.25 168,184 0.06219 30.467 8.75 47.25
9000 1 94.66 34.8¢ 82.932 1718 262 1.64685 0.58020 0.28127 17.08 0.0087% 47.25 16.147 0.06233 30.160 6.75 47.25
10000 1 93.58 3429 82 561 17.00 26.2 1.59204 0.57338 028127 17.66 0.00675 47.25 18.118 0.062468 20.898 8.75 47.25




Table XXVIi-4. Comparison of Enthalpy with Variable or Constant Moisture

Enthalpy (BTU/b)

Year Case Air Floyv Enthalpy Difference With Variable With Gonstant
No. Rate (m'/s) (%) ; fth Lonstan
Moisture Moisture

0.0001 1 15 1.68 27.46 27.00
1 2 15 1.34 34.92 34.46

5 3 15 1.14 41.19 40.72
10 4 15 1.12 42.20 41.74
15 5 15 1.13 41.45 40.98
20 6 15 1.16 40.39 39.93
26 7 15 1.19 39.33 38.86
30 8 15 1.22 38.38 37.92
40 9 15 1.25 37.34 36.88
50 10 15 1.29 36.08 35.62
60 11 3 5.68 43.23 40.91
70 12 3 5.04 48.88 46.53
80 13 3 4.94 4989 47.55
30 14 3 5.01 49.20 46.85
100 15 3 511 48.15 45.81
125 16 1.5 9.88 52.25 47.55
150 17 1.5 9.69 53.28 48.58
200 18 1.5 9.86 52.34 47.64
250 19 1.5 10.13 50.96 46.28
300 20 1.5 10.37 49.78 45.10
400 21 1 15.47 52.40 45.38
500 22 1 15.48 52.38 45.36
600 23 1 15.68 51.73 4472
700 24 1 15.96 50.88 43.88
800 25 1 16.27 49.98 4298
900 26 1 16.59 49.07 42.09
1000 27 1 16.90 48.23 41.25
1500 28 1 17.55 46.58 39.63
2000 29 1 18.56 4425 37.32
3000 30 1 19.66 42.01 35.10
4000 31 1 20.69 40.13 33.25
5000 32 1 21.40 38.95 32.09
6000 33 1 21.88 38.21 31.35
7000 34 1 22.22 37.70 30.85
8000 35 1 22.48 37.32 30.47
9000 36 1 22.70 37.01 30.16
10000 37 1 22.89 36.74 29.90
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Enthalpy Difference at Various Ventilation Air Qualtities & 60-mm-per-year

. Water influx
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Figure XXVIi-1. Enthalpy Difference at Various Ventilation Air Quantities and 60-mm per Year Water

Influx
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