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Cooling Requirements and Costs for Gobal Recirculation of Air

0%
SURFACE RESULTS
COSTS (kR)
Pre-cooling tower 240
Condenser cooling lower 645
Relrigeration plant 6527
Ice plant
Waler treatment plant
Chililed water dam
Clean return water dam
Dirty retum waler dam
All surface pumps 1684
Total Surface Cooling Costs 9096
TOTAL LEVEL RESULTS
Refrigeration plant (RW)
Relrigesalion plant (CT) 23047
Condenser cooling lower 1120
Pelton lurbine -11592
Hydrolifi device
Throttle valve (OC at Dam)
Throttie vaive (CC)
Waler treatmeant plants
High pressure pumps 60649
Low pressure pumps 4418
Ice mixing dams
Chilled waler dams
Clean relum waler dams
Dirty retum waler dams
Sellling dams
Pipes - down (ch. waler)
Pipes - up (retum water)
Pipes - Ice
Total level Cooling Costs 77640
SUMMARY OF COST RESULTS FOR COOLING AND PUMPING
Base Case versus Global Reclculation
0%
Running costs Surface 9098
Undeground 77640
Maintenance costs Surface 9313
Underground 50068
Capltal costs Surface 208000
Underground 796935
Total costs Surface 317408
Underground 924643
Total Cooling Cost: Surface and underground 1242052
Present Value (PV) Total Costs Cooling 1829260

Running costs

30% 40% 50%
240 240 240 240
845 645 845 645

6527 6527 6527 6527

1684 1684 1684 1684

9096 9096 9096 9036

26245 28354 31646 36246
1084 1068 914 896
-11665  -11505  -11554  -11610

61218 606845 60753 80778
384 3750 3530 3308

80866 82310 85289 89615

Percentage of air recirculated
20% 0% 40% 50%

9096 9098 0096 9096
80866 82310 85289 88615
9313 8313 9313 9313
50450 50102 50207 50178
299000 299000 299000 299000
802848 798300 799870 790020

317409 317409 317409 317409
934162 930712 935366 938813

1251571 1248121 1252775 1256222

1853279 1854233 1371281 1891997

240
845
6527

1884

8096

39804
878
-11682

60797
3085

92882

60%

9096
92882
2313
50138
299000
797867

317400
840887

1258206

1507039

0%

8833

240
240

9313

9871

1780

892

16245
315

3994
15659

501
801

50068

20%

8833

240
240

313

8946

1803

899

16398
285

4023
15784

501
801

50450

Maintenance cost

30%

8833

240
240

92313

0931

mn

894

16244
268

3980
15896

501
801

50102

40%

8833

240
240

9313

9954

1784

897

16273
252

4003
15742

501
801

50207

8833

240
240

2313

1793

898

16278
236

4008
15748

501
801

50178

60%

8833

240
240

9313

2870

1804

899

16285
220

4009
15749

501
801

50138

0%

275000

12000
12000

298000

261673

18114

4458

270753
2760

3s191
141910

33841
20235

796936

20%

275000

12000
12000

299000

263672

18225

4497

273205
2480

36454
143137

33841
28235

802846

30%

275000

12000
12000

295000

263275

15802

1
4469

270738
2344

36158
142248

33841
29235

798300

Capital cost
40%

275000

12000
12000

298000

263885

16060

4488

27219
2208

36277
142661

33841
29235

799370

50%

275000

12000
12000

299000

262930

16138

4491

271318
2087

36303
1426990

33841
20235

799020

60%

275000

12000
12000

299000

261651

18237

4497

271417
1928

36334
142727

33841
20235

797867

0%

1205
3237
352088
L]

o
13208
13205
o

8452

391390

o
426880
5621
-33080
]

o

8035

0
656665
26504
L]
56238
220499
o

o
36355
33258
[

1437870

20%

1205
3237
352088
]

]
13208
13208
o

8452

391390

]
445308
5440
-33270
(]

o

8008

o
662831
23015
0
56644
222403
0

L]
36355
33255
[}

1461889

Present value cost

30%

1205
3237
352088
[

[
13205
13205
o
8452

391390

o
455418
5350
-32830
o

1

8956

o
856823
22509
[
56183
221023
[}

]
36355
33255

L]

1462843

40%

1205
3237
352088
o

o
13205
13205
[]
8452

391390

]
4726865
4587
-32073
[}

L]

8988

o
657794
21187
0
$6367
221666
]

0
36355
33255

o

1479891

50%

1205
3237
352088
o

[]
13205
13205
o

8452

391380

o
494616
4497
=331
o
L]
8308
[]
858031
19853
[
58408
221724
[
[
36355
33255
o

1500607

60%

1205
3237
352088
[

[}
13205
13205

o

8452

391330

o
510853
4408
-33338
o

[

9009

0
658273
18515
[}
56454
221767
[

L]
36355
33255
0

1615649
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Fan Requirements and Costs for Gobal Recirculation of Air

Costs (kR)

Surface Fans
Underground Recirculation Fans

SUMMARY OF COST RESULTS FOR FANS: GLOBAL RE-CIRCULATION OF AIR

Running cosls Surface
Underground
Maintenance costs  Surface
Underground
Capital costs Surface
Underground
Total costs Surface
Underground

Total Fan Costs: Surface and Underground

Present Value (PV) Total Fans Costs

0%

20707
0

0%
20707
]
5914

o
64686
o

91308
[]

91308
198292

20%

8120
760

30%

8571
1134

Running costs

40%

4602
1497

50%

3105
1860

Percentage of air recirculated

20%

9120
760
2605
258
28491
21m

40216
3180

43405
94817

30%

6571
1131
1877
383
20526
3229

28974
4744

3377
73750

40%

4602
1497
1314
508
14375
4276

20280
6281

26572
58404

50%

3105
1860
887
631
9700
5312

13692
7803

21495
47549

60%

2004
2221

60%

2004
2221
572
783
6262
6344

8839
9318

18157
40466

0%

5914
1]

20%

2605
258

Maintenance cost

30%

1877
383

40%

1314
508

50%

887
631

STLPT6L 6OLYLIGL

26€89C

£860.6
60¥LIE

isotes

60%

572
753

+ oe9Lezt

182016
60¥YLIE

o182¢8

0%

0

8Z6Y061 689681

ZLIG82L  ¥SEBLTY

£9/098  S¥6096
60¥LiE  8OvLIE

8S61E8  9czozR

20%

64686 28491

21

Capital cost
30%

L0L6881

sezTrLZL

978956
eorLiE

GRNZZR

40%

'
20526 14375

3229

4278

09Z6284
fA174249

€Yorze
80FLIE

CFROR/

50% 60% 0%

9700 6262 198292
5312 8344 . o

Bujj009 81509 [e10} (Ad) enjep Juasary
punabiapun pue 33eung )50 Buyoos jmoy

punostisapun
epng $1S00 |8j0 )

punosbiepun

Present value cost
20% 30% 40% 50% 60%

87336 62922 44064 29735 19195
7281 10829 14339 17814 2121
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Cooling Requirements and Costs for Localized Re-circulation of Air

SURFACE RESULTS
COSTS (kR)

Pre-cooling tower
Condenser cooling lower
Refrigeration plant

ice plant

Waler treatment plant
Chilled water dam

Clean retum waler dam
Diity retum waler dam
All surface pumps

Total Surface Cooling Costs
TOTAL LEVEL RESULTS

Refrigeration plant (RW)
Relrigeration plant (CT)
Condenser cooling lower
Pelton turbine

Hydrolift device

Throllle valve (OC al Dam)
Throlle valve (CC)
Water treatment plants
High pressure pumps
Low pressure pumps

Ice mixing dams

Chilled water dams
Clean relum waler dams
Dirty return water dams
Sellling dams

Plpes - down (ch. waler)
Plpes - up (retum water)
Pipes - ice

Total level Cooling Costs

SUMMARY OF COST RESULTS FOR COOLING AND PUMPING
Base Case versus Localized Reclrculation

Running cosls Surface
Underground
Malntenance costs Surface
Underground
Capilal costs Surface
Underground
Total costs Surface
Underground

Total Cooling Cost: Surface and underground

Present Value (PV) Total Costs Cooling

0%

23047
1120
-11562
[}

0%

2096
77640
9313
50068
208000
796935

317400
924643

1242052

1829260

Running costs
20% 30% 40%

240 240 240
645 645 645
6527 6527 6527
1] [ [

0 ] 0

] ] 1]

[ ] o

[] [ [
1684 1684 1684
9096 9096 9096
27204 27646 28088
1094 1082 1069
-12578 13097  -13627
62403 62657 63334
4215 4057 3936
82338 82345 82800

50%

29800
1056
-14162

63752
3785

84241

Percentage of alr re-circulated

20% 30% 40% 50%
9096 9096 9096 8098
82338 82345 82800 84241
9313 8313 9313 9313
52403 52362 53007 53224
209000 298000 298000 299000
822085 826238 831956 832818
317409 317409 317409 317409
956826 960845 867763 970281
1274235 1278354 1285172 1287690
1889707 1893689

60%

240

32441
1043
-14715

84148
3650

86567

60%

9096
86567
9313
53365
299000
831051

317408
970983

1288392

1904928 1914109 1924725

0%

28N

1780

892

o
16245
315

3994
15659

501
801

50068

20%

o
o
8833

240
240

9313

10393

1943

858

16715
301

421
16520

-501
801

52403

Maintenance cost

30%-

0
0
8833

240
240

9313

10142

2023

964

16783
290

4314
16544

501
801

52362

40%

[}
0
8833

240
240

9313

10128

2105

989

16964
281

4406
168832

501
801

63007

50%

[}
8833
240

240

9313

9954

2187

1008

17078
21

4467
16959

‘501
801

53224

60%

9736

2273

1017

17183
261

4523
17070

501
801

63365

0%

275000

12000
12000
o
[}

299000

261673

16114
o

]
4458
[}

270753
2760

0
36191
141910
]

o
33841
29235

796935

20%

299000

269227

17465

4789

277848
2634

38269
148776

33841
29235

822085

0%

0
o
275000
o

12000
12000
]
[}

293000

268855

18205

4819

2719717
2538

39098
148932

33841
29235

826238

Capital cost
40%

w

0
o
275000
[]

12000
12000
0
[]

239000

268483

18941

4946

281585
2460

39927
152538

33841
20235

831956

50%

299000

263883

19685

5016

284608
2372

40482
153604

33841
29235

832816

60%

]

]
275000
[]

o
12000
12000
[]

o

299000

258085

20454

5083

286376
2281

40987
154699

33841
29235

831051

0%

1205
3237
352088
o

o
13205
13205
]

8452

391380

0
426880
5621
-33080
[}
[}
8935
o
656665
26504
]
56236
220489
o
o
38355
33255
o

1437870

20%

1205
3237
352088
0

0
13205
13205
0

8452

391390

o
457917
5491
-35909
[]

0

' 9597
o
674923
25299
0
59704
231686
0

o
36355
33255
[

1498317

Present value cost

0%

1205
3237
352088
o

o
13205
13205

]

8452

391330

L]
458504
5430
-37373
[}

o

0657

o

678407
24353
[}
60749
232962
0

[]
36355
33255
o

1502299

40%

1205
3237
352088
o

o

* 13205
13205
0

8452

391390

o
460280
5365
-38885
o

]

8910

o

684581
23624
[]
62040
237014
0

o
36355
33255
0

1513538

50%

1208
3237
352088
[

]

13205,

13205
]
8452

391390

0
463399
5300
-A0415
[}

]
10075
o
690264
22778
]
62801
238807
[]

[]
38355

33255
o

15227198

60%

1208
3237
352088
o

L]
13208
13205
]

8452

391390

0
469771
5235
-41989
[}

0
10187

[}
694558
21809
o
63887
240369
Qo

o
36355
33255
o

1533335
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Fan Requirements and Costs for Localized Reclrculation of Air

Costs (kR)

Surface Fans
Underground Recirculation Fans

0%

20707
]

20%

11697
36

SUMMARY OF COST RESULTS FOR FANS: LOCALIZED RE-CIRCULATION OF AIR

Running costs Surface
Underground
Maintenance costs ~ Surface
Underground
Capital costs Surface
Underground
Total costs Surface
Underground

Total Fan Costs: Surface and Underground
Present Value (PV) Total Fans Costs

0%
20707
[

5914
]
64686
[]

91308
[}

81308
198292

Percentage of air re-circulated

20%

11697

51730
112359

30%

8474
53

8474

Running costs

40%

5066
10

40%

5966

26308
294

26602
57804

50%

4031

12501
247

17773
363

18136
39426

60%

2520
102

60%

2520
102
720

7813
292

1113
428

11541
25111

0%

5914
0

20%

3341
12

Maintenance cost

30%

2420
18

40%

1704
24

50%

1151
29

60%

720
35

0%

64688
0

20%

36540
104

Capital cost
30%

26471
153

40%

-

o
18638
200

50%

12591
247

60%

7873
292 .

0%

198292
0

20%

112011
348

Present value cost

30%

81146
512

40%

57132
672

38598
828

60%

24134
978
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