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50054201 : MAJOR : ARCHITECTURE
KEY WORD : EARTH TUBE SYSTEM, REDUCING HEAT GAIN.

CHAGART DOMRUNGKEART : THE EFFICIENCY IN REDUCING HEAT GAIN BY
USING EARTH TUBE SYSTEM. CASE STUDY SAYAMBOROMRAJAKUMARI LIBRARY
WAT CHANSEN NAKORNSAWAN PROVINCE. THESIS ADVISOR : ASST. PROF. PANTUDA
PUTHIPIROJ, Arch.D. 139 pp.

The purpose of this research is to study the efficiency in reducing heat gain by using
earth tube system. The soil temperatures, at about 27—29 °C, are lower than that of the air
temperatures and soil temperatures vary slightly year round. This leads to the design concept
in reducing heat gain by allowing the outside air to pass through the underground duct to
lessen its temperature before entering the indoor space. In Thailand such a concept was
introduced in building design for a long time. However, it was not evaluated how well it can
reduce the outside air temperatures passing through the earth tube system.

Sayamboromrajakumari Library in Wat Chansen is one of the project that has
employed the earth tube system since 1998. The building size is of 8.5 x 14 m. The earth tube
system consists of 5 concrete ducts of 80 x 80 cm. and each with 8 meters long, They were
buried in parallel under the building 1.8 meters deep. At both end of each tube was connected
with a PVC pipe of 6 inches diameter for inflow and outflow air. The dehumidifying chamber,
70 x 70 cm, was installed at the end of the outlet. The outflow air will pass through this
chamber before entering the building.

This study was divided into 3 experiments. First assessment is to find problems of
earth tubes, which were trapped water and clogged in the tube systems, low level of air inlet,
plants blocking air inlet. It was found that there was no air flow in the tube and no effect to the
building temperature. Above problem was fixed in second experiment by removing water
inside the ducts and charcoal in earth tube system, removing plants around the air inlets,
raising the level of air inlets, and installed ventilation fan. After this improvement outside air
can flow through the duct and outflow temperatures changed in relation to the outside air
temperatures. It was found that the outside air temperatures passing through the earth tubes
would reduce about 2.2-2.6 °C by average during 7.30 a.m. to 9.30 p.m. However, during
9.30 p.m. to 7.30 a.m. it would be higher about 1 °C. In the third experiment, after six month
later, it was found that inside the earth tubes were flooded with water again because of the
tube leakage. The efficiency of earth tubes was low, which was similar to the first experiment.

This study showed that to reduce heat gain by using earth tubes effectively, it is
necessary to use fan to increase the airflow speed inside the duct. The major considerations
of this system are to prevent water leakage and require good maintenance regularly. The
system must provide an access for checking and cleaning tubes easily in order that it can
work properly as a designer expects.

Department of Architecture Graduate School, Silpakorn University Academic Year 2009
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27
27
27
27.1
27
27.1
27.1
27
27.1
27.1

aungil
auuan
a1mns
[°C]
27.4
273
27.1
27
26.9
26.6
26.4
26.5
26.5
26.6
26.5
263
263
263
26.2
26.1
26
26.1
26.1
26.1
26.1
2%
259
258
258
258
258
258
258
2
263
26.7
27
274
26.8
27
27
272
27.5

28.7
28.7

295
30
30

30.3

31.2
313
31.2

29.9
31
313
313
316
315
31.6
31.6
317
31.8
31.8
315
313
30.9
30.7
30.6
30.8
30
29.6
295
29.1
29.1
29.4

29.1
29
293
29
28.9
28.7
28.6
283
283
283
282
28
279
28
27.8
27.7
276
27.5



2/2/2009
2/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
3/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009

23:31:00

1:16:00
1:31:00
1:46:00
2:01:00
2:16:00
2:31:00
2:46:00
3:01:00
3:16:00
3:31:00
3:46:00
4:01:00
4:16:00
4:31:00
4:46:00
5:01:00
5:16:00
5:31:00
5:46:00
6:01:00
6:16:00
6:31:00
6:46:00
7:01:00
7:16:00
7:31:00
7:46:00
8:01:00
8:16:00
8:31:00
8:46:00
9:01:00
9:16:00
9:31:00
9:46:00
10:01:00
10:16:00
10:31:00
10:46:00
11:01:00

11:46:00
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12:31:00
12:46:00
13:01:00
13:16:00

18:01:00
18:16:00
18:31:00
18:46:00
19:01:00

28
28
28
27.9
28
27.9
27.9
28
28
27.9
28
28
28
28
28
28
28
27.9

28.1
28
28
28
28
28
28
28
28
28
28

28.1
28
28
28
28
28

28.1
28

27.9

27.8
27.9
27.9
28
28
28
27.9

27.9
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27.9

27.9

27.9

27.8

27.6
27.6
27.6

27.5
27.5

27.6
27.6

27.6
27.6

27.6
27.6

27.6
27.6

27.7
27.7

27.7
27.6

27.6
27.6

27.6
27.6

27.6
27.6

27.6
27.6

27.5
27.5

27.3
27.5

27.5
27.4

27.4
27.5

27.5
27.5

27.5
27.6

27.6
27.6

27.5
27.6

27.6
27.6

27.6
27.6

27.6
27.6

27.6
27.5

27.5
27.5

27.5
27.5

27.6
27.5

27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.5
27.5
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6
27.6

27.4
27.4

27.4

273
273
27.4

273
273

273
27.4

27.4
27.4

273
273

27.4
273

273
273

27.4
27.4

273
27.4

273
27.4

273
27.3

27.3
27.3

27.3
27.2

27.2
27.3

27.3
27.3

27.3
27.3

273
27.3

27.3
27.4

27.3
27.4

273
273

273
27.4

273
27.2

273
273

273
273

273
273

273
27.3

27.3
27.3
27.2
27.3
27.3
27.3
27.4
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
274
27.3
274
27.3
274
27.3
27.3
27.4
27.3
27.3
27.2
27.1
27.2
27.2
27.2

27.3
27.3
27.4

27.3
27.3

27.3
27.3

27.3
27.4

27.3
27.3

27.4
27.3

27.3
27.3

27.4
27.4

27.3
27.3

27.3
27.4

27.3
27.3

27.3
27.3

27.3
27.3

27.3
27.3

27.2
27.3

27.2
27.3

27.3
27.2

27.2
27.3

27.2
27.3

27.2
27.2

27.1
27.2

27.2
27.1

27.2
27.3

27.2
27.2

27.2
27.2

27.2
27.3

27.3
27.3
27.2
27.2
27.3
27.3
27.3
27.3
27.3
27.3
27.2
27.3
27.3
27.3
27.3
27.3
27.3
27.2
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.2
27.2
271
27.2
27.2

27.1

26.9
26.9
27
26.9
27
26.9

26.9
26.9

26.9
27
26.9
26.9
26.9

26.9
26.9

26.9
26.9

26.9
26.9
26.9
27
27
26.9
27
27
26.9
26.9
27
27
26.9
26.9

26.9
26.9

26.9
26.9

26.9
26.9

26.9
26.8

26.9
26.9

26.9
26.8

26.9
26.9

26.9
26.9

26.9
26.8
26.9
27
26.9

26.9
26.8

26.9
26.8
26.8
26.9
26.8
26.9
26.8
26.9

269
269
269
26.8
269
26.9
26.9
26.8
26.9
26.9
26.9
26.9
26.9
26.8
26.9
26.9
26.9
26.8
26.8
26.9
26.8
26.9
26.8
26.8
26.8
26.9
26.9
26.9
26.8
26.9
26.9

29.4
293
29.2
29.1
29
29
28.9
28.8
28.7

28.7
28.7

28.6
28.5

28.4
28.4

28.5
28.4

283
28.2

28.2
28.1

28.1
28
28
28

28.1

28.2
28.2

28.4
28.6

28.6
28.6

28.5
28.7

28.8
289
28.8
29
29.2

293
29.7

29.5
29.6

29.7
29.9

30.5
303

30.6
30.5

30.8
31
30.7
30.4
30.5

30.4
30
30.1
30.1
30.1
30
29.9
29.8
29.8
29.8
29.8
29.7
29.7
29.6
29.5
29.5
29.5
29.4
293
293
29.2
29.2
29.2
29.1
29.1
29
29
28.9
28.9
29
29.1
29.2
29
29
28.9

28.8
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27.1
27.1
27.1

27.1
27.1

27.2
27.2

27.1
27.2

27.2
27.1

27.2
27.2

27.1
27.1

27.1
27.2

27.1
27.2

27.1
27.2

27.2
27.1
27
27
27.1

27.1
27.1
27.1
27
27
27.1
27.1
27
27.1
27
27.1

27.1
27
27.1
27
27
27
27.1
27
27.1
27
27
27.1
27
27
27
27.1
27.1
27.1
27
27
27.1
27.1
27
27.1
27
27.1
27.1
27
27.1

27.1
27
27

27.1
27
27

27.1
27

27.1
27

27.1

27.1
27.1

27.1
27.2

27.1
27.1
27.2
27.2
27.2

27.1
27.1

27.1
27.1
27.2
27.2

27.5
27.2
27
26.9
26.9
27
27.1
27
26.9

26.8
26.7

26.5
26.5

26.4
26.3

26.2
26.1

26.2
26.1
26.1
26
26
26
26.1
26.1

26.4
26.6
26.7
27
27.4

26.6
26.5
27
27
274

28.2
29
29.4
29.8
30
311
31
312

318
319

31.8
319

319
317

31.6
317

327
319

315
311

304
29.8

29.5
29.2

29.4
28.6
289
27.7
27.9
28
28.2
28
28.2
28.2
283
27.8
27.7
27.4

275
27.5
27.3
27.3
27.9

274
27.4
27.3
27.1
27
26.9
26.6
26.4
26.5
26.5
26.6
26.5
26.3
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206
207
208
209
210

212
213

215
216

218
219

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
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238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

262
263
264
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4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
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4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
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4/2/2009
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4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009
4/2/2009

17:46:00

27.8
27.8
27.7

27.8
27.9

27.8
27.8
27.9
28
27.9
27.9
28
28
28
27.9

27.9
28
27.9
28
27.9
27.9
28
28
28
28
28
28
28
28

27.4
27.5
273

27.4
27.4

27.4
27.4

27.6
27.5

27.6
27.6

27.6
27.6

27.6
27.6

27.5
27.6

27.4
27.4

27.4
27.4

27.2
273

27.5
27.4

27.4
27.5

27.5
27.5

27.4
27.4

27.5
27.4

27.5
27.5

27.5
27.6

27.5
27.6

27.5
27.6

27.2
27.2
27.1

27.2
27.1

27.2
27.1

273
27.2

27.4
273

27.4
27.2

273
273

27.2
273

27.2
27.2

27.1
27.2

27.2
27.2

273
273

273
27.4

273
273

273
273

273
27.2

273
273

27.3
273

27.2
273

273
27.4

27.1
27.2
27.1

27.1
27.2

27.2
27.1

27.3
27.3

27.4
27.4

27.4
27.3

27.3
27.3

27.3
27.3

27.2
27.1
27.1
27
27.1

27.1
27.1

27.2
27.2

27.1
27.2

27.2
27
27.2
27.3
27.2

27.3
27.2

27.1
27.2

27.2
27.2

27.2
27.2

27.3
27.2

27.1

26.9
26.9
26.9

26.9
26.9

26.9
26.9

26.9
27
26.9
26.9
26.9

26.9
26.9

26.8
26.8

26.9
26.9

26.9
26.9

26.9
26.8

26.8
26.9

26.8
26.8

26.8
26.8

26.8
26.8

26.8
26.8

26.8
26.8

26.9
26.8

26.7
26.8

26.8
26.8

26.8
26.8

28.8
28.8
28.8

28.6
28.7

28.7
28.6

28.5
28.5

283
28.2

28.1
28
28.1
28.1
28.1

28.4
283

28.4
28.6

28.6
28.6

28.6
28.7
28.9
29
29.2

293
29.6
29.9
30
30.1

30.4
30.7

30.6
30.6

30.8
30.5

30.8
30.6

30.8
30.7

30.7
30.5
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27.2
27.1
27.2

27.2
27.2

27.1
27.1

27.2
27.2

27.2
27.2

27.1
27.1

27.2
27.2

27.2
27.2

27.1
27.1

27.2
27.2

27.2
27.2

27.1
27.1
27.2
27
27.1
27
27
27
27.1
27
27.1
27
27
27.1
27
27
27
27.1
27.1
27.1
27
27
27.1
27.1
27
27

26.3
26.3
26.2
26.1
26
26.1

26.1
26.1

25.9
258

25.8
25.8

25.8
26
26.3
26.7
27
274
27.7
28
28.4
28.6
289

304
30.4

30.6
311

316
32
322
324
326

332
333

335
335

337
336

336
335

333
333

328
327

321
319
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26/2/2009
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26/2/2009
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26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
26/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009

Time

aauuqll
RN
via 1

aungll
AN
via 2
©
283
282
28
27.8
28.1
283
28
28
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27.7
28
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317
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30.6
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30.4
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29.7
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27.8
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a
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311
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30.6
303
30
30
30
29.9
29.4
29.4
29.7
29.8
29.8
295
29.1
28.7
286
293
28.7
29.1
29.1
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27.7
276
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27.8
275
275
27.4
275
27.4
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27.4
273
273
273
273
273
27.2
27.2
27.2
273
273
273
273
273
27.2
27.2
27.2
273
273
273
27.2
27.2
273
276
27.8
283
27.9
286
29.1
29.1
286
29.1
29.2
295
29.7
296
30.4
30.1
303
30.8
303
275
273

135

- auugdl
aungll anunfl aungll T
FIERE] Moty mauan ?;T‘
via 5 aas 213 ks
© © 80 cm
©
31 326 324 27.1
30.8 327 338 271
315 326 34.2 271
318 326 344 271
313 326 344 271
316 326 344 271
313 326 344 271
311 327 345 27
314 327 344 27
311 327 345 27
316 328 343 271
314 329 336 271
316 329 332 27
315 329 33 27.1
311 329 328 27
316 329 326 27
31 329 324 271
315 329 322 271
315 329 32 27.1
316 329 317 271
316 329 315 271
315 329 312 271
314 328 30.8 27.2
313 328 30.7 271
31 328 305 272
30.5 327 303 271
30.6 327 301 271
303 326 29.9 271
303 325 29.7 271
301 324 29.7 271
301 324 297 27.1
29.8 324 29.7 27
29.8 323 29.6 27
29.8 323 29.4 27
29.7 322 293 27
30 322 29.2 271
294 322 29.1 27
29.2 321 288 271
29 32 286 271
286 319 285 27
284 318 28.2 271
293 316 27.9 271
285 315 27.7 271
28 314 27.4 27.1
27.8 313 27.4 271
27.7 313 27.3 271
27.7 311 271 271
27.4 31 27 27.1
27.4 31 26.9 27.1
27.6 30.8 266 27.2
27.4 30.7 264 27.2
27.3 30.7 265 271
27.3 30.7 265 271
27.2 30.7 26.6 27.2
27.2 30.7 265 27.2
27.2 30.6 263 27.2
271 305 263 271
27.2 30.6 263 271
27.3 305 26.2 27.2
27.2 305 26.1 27.2
27.3 305 26 27.1
27.3 30.4 26.1 271
27.3 304 26.1 271
27.3 30.4 261 271
27.3 30.4 261 271
27.3 303 26 272
27.2 303 259 27.2
27.4 30.2 258 271
27.2 30.2 258 27.2
27.3 30.1 258 271
27.2 30.1 258 271
27.2 30.1 258 27.2
27.2 30.1 258 27.2
27.2 30 26 272
27.2 30.1 263 271
271 30.1 26.7 27
271 30.1 27 27
27.2 30.2 27.4 271
27.3 303 27.7 271
27.5 303 28 27.1
27.7 30.4 284 271
281 30.4 286 271
281 305 289 27
288 30.7 295 27
29 30.8 304 27.1
29 31 304 27.1
294 312 304 27
30 313 30.6 271
294 315 311 27
29.8 315 314 271
30 315 316 27
30.9 315 32 27.1
30.5 316 322 27
304 317 324 271
30.8 32 326 27
30.7 322 33 27
312 321 332 27
27.6 321 333 271
27.5 321 333 27



100
101
102
103
104
105
106
107
108
109
110
111

113
114

116
117

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
27/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009
28/2/2009

12:45:00

10:30:00

10:45:00
11:00:00

28.4

28
28
28.1
28.1
28
28.1

28.1
28.1
28.1
28
28.1
28.1
28
28
28.1
28.1
28
28.1
28
28.1

28.1
28.1

28.1
28.1

28.1
28.1

28.1
28.1

28.1
28
28.1
28
28.1
28
28
28.1
28
28
28
28
28
28
28
28
27.9
28
28
28
28
28.1
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
27.9
28
27.9
28
28
28
28.1
28.1
28.1

28.1
28.1

28.1
28.1

279
279
279

279
279
28
28
28
279
28
279
28
28
28
28
28
28
28
28
28
28
28
28
279
28
28
28
28
28
28
28
279

279
28
28
28
28

28.1
28

28.1
28
28
28
28
28
28
28
28

279
28
28
28
28

28.1
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

28.1

279
28
28
28
28

279
28

27.6
27.6
27.6

27.7
27.7

27.7
27.7

27.7
27.7

27.8
27.9

27.9
27.8

27.8
27.8

27.8
27.8

27.8
27.8

27.9
27.8

27.8
27.8

27.9
27.9

27.9
27.9

27.8
27.8

27.8
27.9

27.9
27.8

27.8
27.7

27.8
27.8

27.8
27.8

27.8
27.8

27.8
27.9

27.8
27.8

27.9
27.8

27.9
27.9

27.8
27.9

27.8
27.8

27.7
27.9

28.3
28.1
28
28
28
28
28
28

28.3

27.8

27.7
27.8
27.8

27.8
27.8

27.8
27.9

27.8
27.9

27.8
27.8

27.8
27.8

27.8
27.7

27.8
27.8

27.9
27.8

27.7
27.7

27.8
27.8

27.8
27.8

27.7
27.6

27.5
27.6

27.5
27.5

27.4
27.4

27.5
27.6

27.4
27.5

27.5
27.4

27.4
27.4

27.3
27.3

27.3
27.4

27.3
27.2

27.2
27.3

27.3
27.3

27.3
27.4

27.4
27.5

27.5
27.5

27.5
27.6

27.6
27.6

27.4
27.4
27.4

27.5
27.5

27.5
27.6

27.5
27.5

27.5
27.4

27.5
27.5

27.5
27.4

27.5
27.5

27.5
27.5

27.5
27.4

27.4
27.4

27.4
27.5

27.5
273

273
273

273
273

27.2
273

27.2
273

273
27.2

273
27.2

27.2
27.2

27.2
27.2

27.2
27.2

27.2
27.2

27.1
27.2

27.2
27.2

27.2
27.2

273
27.2

27.4
27.4

273
273

27.4
273

27.6
27.6
27.6

27.6
27.6

27.6
27.7

27.6
27.7

27.7
27.7

27.7
27.7

27.6
27.5

27.7
27.7

27.7
27.7

27.6
27.6

27.7
27.7

27.6
27.6

27.6
27.4

27.4
27.4

27.3
27.3

27.3
27.3

27.4
27.5

27.3
27.4

27.5
27.3

27.3
27.3

27.2
27.2

27.2
27.3

27.2
27.1

27.2
27.2

27.2
27.2

27.2
27.3

27.3
27.4

27.4
27.4

27.4
27.5

27.5
27.5

322

136

335

333

29.9

26.9

27.4

28.4

27.1
27
27

27.1
27
27
27

27.1

27.1

27.1
27
27

27.1

27.1
27

27.1
27

27.1

27.1
27

27.1

27.1
27
27

27.1
27
27

27.1
27

27.1
27

27.1

271
27.1

27.1
27.2

27.1
27.1

27.2
27.2

27.1
27.1

27.1
27.1

27.2
27.2

27.2
27.2

27.2
27.2

27.1
27.2

27.2
27.3

27.2
27.1

27.1
27.1

27.2
27.2

27.2
27.2

27.1
27.2

27.2
27.2

27.2
27.2

27.1
27.2



Joyamsiaguugiioimalunenis

BOX2

CONOUTAWN -

Date

18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
18/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009

Time

18:00:00
18:15:00
18:30:00
18:45:00
19:00:00
19:15:00
19:30:00
19:45:00
20:00:00
20:15:00
20:30:00
20:45:00
21:00:00
21:15:00
21:30:00
21:45:00
22:00:00
22:15:00
22:30:00
22:45:00
23:00:00
23:15:00
23:30:00
23:45:00

0:00:00
0:15:00
0:30:00
0:45:00
1:00:00
1:15:00
1:30:00
1:45:00
2:00:00
2:15:00
2:30:00
2:45:00
3:00:00
3:15:00
3:30:00
3:45:00
4:00:00
4:15:00
4:30:00
4:45:00
5:00:00
5:15:00
5:30:00
5:45:00
6:00:00
6:15:00
6:30:00
6:45:00
7:00:00
7:15:00
7:30:00
7:45:00
8:00:00
8:15:00
8:30:00
8:45:00
9:00:00
9:15:00
9:30:00
9:45:00
10:00:00
10:15:00
10:30:00
10:45:00
11:00:00
11:15:00
11:30:00
11:45:00
12:00:00
12:15:00
12:30:00
12:45:00
13:00:00
13:15:00
13:30:00
13:45:00
14:00:00
14:15:00
14:30:00
14:45:00
15:00:00
15:15:00
15:30:00
15:45:00
16:00:00
16:15:00
16:30:00
16:45:00
17:00:00
17:15:00
17:30:00
17:45:00
18:00:00
18:15:00
18:30:00

auuqll

nawvia

7 1[C]
29.6
296
297
296
297
297
297
297

29.7
29.7
29.8
29.8
29.8
29.7
29.8
29.8
29.8
29.8
29.8
29.8

29.8
29.8
29.9
29.9
29.9
29.7
29.6

29.6
29.6
29.7
29.7
29.7
29.6
29.6
29.6
29.7
29.7
29.7
29.7

29.7
29.7
29.7
29.7
29.7
29.7
29.7
29.7
29.8
29.7
29.8
29.7
29.7
29.7
29.7
29.7
29.7
29.7
29.6
29.6

29.6
29.6
29.6
29.6
29.6
29.7
29.6
29.6
29.6
29.6
29.6
29.6

29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.7
29.6
29.6
29.6
29.6

29.6

aauuqll
navia
7 2[C]
29.3
293
293
292
293
292
293
293

29.2
29.3
29.3
29.3
29.3
29.4
29.3
29.3
29.3
29.3
29.3
29.3

29.3
29.3
29.3
29.4
29.3
29.3
29.2

29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.2

29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.4
29.3
29.3
29.3
29.3
29.3
29.3
29.4
29.2
29.3

29.3
29.2
29.3
29.2
29.3
29.3
29.3
29.3
29.2
29.3
29.2
29.3

29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.2
29.3
29.3
29.3
29.2
29.3
29.3
29.3
29.2
29.3
29.3

29.3

Y
(%

auugll
navia
7 3[C]
29.3
293
293
292
293
292
293
293

29.3
29.3
29.2
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3

29.2
29.3
29.3
29.3
29.3
29.3
29.4

29.3
29.4
29.3
29.3
29.4
29.3
29.3
29.3
29.3
29.3
29.3
29.3

29.3
29.3
29.3
29.3
29.3
29.4
29.4
29.3
29.3
29.3
29.4
29.3
29.3
29.3
29.3
29.3
29.3
29.4
29.3
29.3

29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3

29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.2
29.3
29.3
29.3
29.2
29.3
29.3

29.3

A
nay

auugll
nawvia
n4[C]

29.2
292
292
292
292
292
292
292

29.2
29.2
29.2
29.2
29.2
29.2
29.1
29.2
29.2
29.2
29.1
29.2

29.1
29.2
29.2
29.1
29.1
29.4
29.4

29.4
29.4
29.4
29.4
29.4
29.3
29.3
29.3
29.3
29.3
29.3
29.3

29.3
29.3
29.3
29.2
29.2
29.3
29.4
29.3
29.3
29.3
29.3
29.2
29.3
29.3
29.2
29.3
29.3
29.3
29.2
29.3

29.2
29.2
29.2
29.2
29.2
29.3
29.2
29.2
29.2
29.2
29.2
29.2

29.2
29.2
29.2
29.2
29.2
29.3
29.2
29.2
29.2
29.2
29.2
29.2
29.2
29.2
29.2
29.3
29.2
29.2
29.3
29.2

29.2

24.1

25.2
254
25.6
25.8

26.2
26.5
26.5
26.8
26.9
26.9
27.1

27.5
27.5
27.4
27.2
27.4
27.5
27.4
27.4
27.4
27.5
27.6
27.5
27.6
27.5
27.4
27.2

26.8
26.6
26.4

26.1

auuqll
IERT]
via?i 2

26.3
26

259

24.3
24.2

22.8

253

26.1

26.6
26.4

26.1

auugll
IERT]
via? 3

26.3
26

259
25.6
25.5
25.4
25.2
25.1

24.9
24.9
24.9
24.7
24.6
24.6
24.4
24.3
24.1
23.9
239

249
25.2

26.1

26.9

26.6
26.4

26.1

auuqll
day
viaf 4

25.8
25.8
25.6
25.4
25.4
25.2
25.1

24.8
24.8
24.8
24.7
245
245
24.4
24.3
24.1
24.1
239

253

26.5
26.8
26.8

26.9
27.1
27.1

27.1
27.2
27.2
27.2
27.5
27.4
27.3
27.4
27.2
27.2
27.1
26.8
26.8
26.5
26.3
26.1

auugll
ety
aas
[c]
29.1
2838
286

27.5
27.5

26.8

27.8
27.8

28.1

anunfl
Mmouan
a3

27.2
26.8
26.7
26.4
26.3
26.2

25.8
25.8
25.6
255
25.4
253
25.2
25.2

24.8
24.8
24.6

24.4
24.2

23.8
23.8
23.7
23.6

23.6
23.6

22.8

293

30.4
30.4
30.1
29.8
29.5
29.1
28.7
28.2
27.7
27.4

27.1

137

aunil
fu
su6iu 80

27.1
27.1
27.1

27.1
27.1

27.1
27.1
27.1

27.2
27.1
27.2

27.1
27.1

27.1
27.1



100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
19/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009
20/11/2009

18:45:00
19:00:00
19:15:00
19:30:00
19:45:00
20:00:00
20:15:00
20:30:00
20:45:00
21:00:00
21:15:00
21:30:00
21:45:00
22:00:00
22:15:00
22:30:00
22:45:00
23:00:00
23:15:00
23:30:00
23:45:00
0:00:00
0:15:00
0:30:00
0:45:00
1:00:00
1:15:00
1:30:00
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