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Abstract

Hydraulic gradient of the landfill soils is estimated by Devlin (2003) method, and its variation characteristics
from rainfall and permeability of the aquifer material are analyzed. The study site of 18 m x 12 m is located
in front of the Environment Research Center at the Pukyong National University, and core logging, slug/bail
test and groundwater monitoring was performed. The slug/bail tests were performed in 9 wells (except BH9
well), and drawdown data with elapsed time for bail tests were analyzed using Bouwer-Rice and Hvorslev
methods. The average hydraulic conductivity estimated in each of the test wells was ranged 1.991
x107-4.714x10"° m/sec, and the average hydraulic conductivity in the study site was estimated 2.376x10°
m/sec for arithmetic average, 1.655x10° m/sec for geometric average and 9.366x10” m/sec for harmonic
average. The permeability of landfill soils was higher at the east side of the study site than at the west side.
Groundwater level in 10 wells was monitored 44 times from October 2 to November 7, 2007. The groundwater
level was ranged 1.187~1.610 m, and the average groundwater level range in each of the well showed
1.256~1.407 m. The groundwater level was higher at the east side than at the west side of the study site,
and this distribution is identify to it of hydraulic conductivity. The hydraulie gradient and the major flow direc-
tion for 10 wells were estimated 0.0072~0.0093 and 81.7618 ~88.0836°, respectively. Also, the hydraulic
gradient and the major flow direction for 9 wells were estimated 0.0102~0.0124 and 84.6822~89.1174°,
respectively. The hydraulic gradient of the study site increased from rainfall (83.5 mm) on October- 7, causing
by that the groundwater level of the site with high permeability was higher. The hydraulic gradient estimated
on and after October 16 was stable, due to almost no rainfall. Thus, it was confirmed that the variation of
the hydraulic gradient in the landfill soils was controlled by the rainfall.

Key Wonds : Landfill soils, Hydraulic conductivity, Groundwater level, Rainfall, Hydraulic gradient, Major flow
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Fig. 1. Foreground of the study site and location map of
the groundwater wells.
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Fig. 2. Soil stratigraphic sections in the study site.
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Table 1. Hydraulic conductivity estimated by Bouwer-Rice
and Hvorslev methods using bail test data (unit:
m/sec)

Hydraulic conductivity

Well No. Bouwer-Rice  Hvorslev well
method method ell average

BH1 3.829E-06 5.424E-06 4 627E-06
BH2 1.261E-06 1.777E-06 1.519E-06
BH3 6.479E-07 9.199E-07 7.839E-07
BH4 3.897E-06 5.531E-06 4.714E-06
BHS 8.997E-07 1.275E-06 1.087E-06
BH6 1.645E-07 2.337E-07 1.991E-07
BH7 2.215E-06 3.146E-06 2.681E-06
BHS 3.594E-06 5.100E-06 4.347E-06
BHI10 1.178E-06 1.672E-06 1.425E-06
Arithmetic mean 2.376E-06
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Table 2. Groundwater level data monitored in wells at the study site (unit: meter)

Measured Time

BH1 BH2 BH3 BH4 BHS BH6 BH7 BHS BH9 BHI10
{mm-dd-hh)

10-02-11 1.445 1.361 1.319 1417 1.388 1.307 1.445 1.338 1.316 1.348
10-02-17 1.441 1.359 1.316 1.413 1.385 1.303 1.442 1.335 1.313 1.344
10-04-17 1421 1.338 1.295 1.392 1.364 1.280 1.419 1.312 1.291 1.320
10-05-09 1.411 1.329 1.284 1.382 1.355 1.268 1.411 1.303 1.278 1.309
10-05-17 1.412 1.329 1.284 1.382 1.355 1.269 1.411 1.303 1.279 1.310
10-08-09 1.549 1.466 1.415 1.521 1.493 1.387 1.555 1.445 1.420 1.425
10-08-17 1.594 1.510 1.451 1.565 1.536 1.423 1.594 1.482 1.455 1.464
10-09-09 1.609 1.528 1.470 1.581 1.554 1.454 1.610 1.499 1.476 1.492
10-15-10 1.421 1.338 1.275 1.392 1.365 1.233 1.422 1.310 1.284 1.290
10-15-17 1.428 1.345 1.283 1.400 1.372 1.253 1.428 1.322 1.294 1.306
10-16-09 1.430 1.347 1.294 1.402 1.373 1.269 1.430 1.322 1.296 1.314
10-16-17 1.431 1.348 1.300 1.402 1.375 1.276 1.431 1.324 1.299 1.320
10-17-09 1.433 1.350 1.301 1.405 1.377 1.280 1.434 1.344 1.301 1323
10-17-17 1.436 1.353 1.303 1.408 1.379 1.285 1.437 1.329 1.306 1.328
10-18-09 1.427 1.334 1.295 1.400 1.371 1.278 1.426 1.319 1.294 1.320
10-18-17 1.430 1.347 1.301 1.402 1.374 1.280 1.430 1.321 1.299 1324
10-19-09 1.435 1.350 1.305 1.406 1.377 1.286 1.434 1.324 1.302 1.33¢
10-19-17 1.433 1.349 1.303 1.404 1.376 1.285 1.434 1.325 1.301 1.330
10-20-09 1.415 1.330 1.283 1.388 1.357 1.267 1415 1.305 1.282 1.309
10-20-17 1414 1.330 1.283 1.386 1.357 1.267 1.413 1.304 1.282 1.309
10-22-09 1.398 1.315 1.265 1370 1.341 1.250 1.398 1.289 1.263 1.292
10-22-17 1.399 1.316 1.266 1.372 1.342 1.253 1.401 1.291 1.264 1.295
10-23-09 1.386 1.302 1.252 1.359 1.330 1.237 1.387 1.277 1.250 1.276
10-23-17 1.385 1.300 1.251 1.358 1.327 1.235 1.386 1.275 1.248 1275
10-24-09 1.378 1.295 1.244 1.350 1.322 1.230 1.378 1.269 1.242 1.269
10-24-17 1.376 1.293 1.243 1.349 1.320 1.228 1.377 1.268 1.240 1.267
10-25-09 1.380 1.297 1.245 1.352 1.324 1.233 1.380 1.270 1.244 1.273
10-25-17 1.387 1.304 1.254 1.358 1.329 1.237 1.388 1.277 1.251 1.282
10-26-09 1.389 1.306 1.256 1.361 1332 1.241 1.390 1.280 1.255 1.283
10-26-17 1.389 1.306 1.256 1.362 1.332 1.242 1.391 1.281 1.255 1.284
10-27-09 1.387 1.303 1.254 1.360 1.330 1.238 1.388 1.278 1.253 1.280
10-27-17 1.387 1.302 1.253 1.358 1.328 1.238 1.387 1.278 1.251 1.280
10-29-09 1.366 1.281 1.231 1.339 1.308 1.217 1.367 1.256 1.234 1.261
10-29-17 1.364 1.278 1.227 1.338 1.306 1.214 1.364 1.253 1.232 1.257
10-30-09 1357 1.271 1.222 1.328 1.297 1.206 1.357 1.246 1.219 1.244
10-31-09 1.355 1.271 1.220 1.328 1.296 1.205 1353 1.243 1.217 1.243
10-31-17 1.365 1.280 1.231 1.337 1.306 1.217 1.364 1.254 1.228 1.255
11-01-09 1.361 1.278 1.229 1.334 1.304 1.212 1.362 1.250 1.223 1.251
11-01-17 1.367 1.283 1.231 1.333 1.305 1.214 1.365 1.253 1.228 1.257
11-05-09 1.340 1.257 1.207 1.312 1.283 1.190 1.339 1.230 1.202 1.232
11-05-17 1.347 1.262 1.213 1.318 1.290 1.197 1.345 1.234 1.208 1.236
11-06-09 1.342 1.258 1.207 1.313 1.285 1.192 1.343 1.231 1.202 1.231
11-06-17 1.342 1.258 1.207 1.313 1.285 1.193 1.342 1.232 1.203 1.232
11-07-09 1.338 1.254 1.203 1.3160 1.281 1.187 1.338 1.227 1.197 1.225
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Table 3. General statistics for groundwater level data monitored in wells

Well No. Range Minimum Maximum Mean Variance Skewness Kurtosis
BH1 0.271 1.338 1.609 1.407 0.003 1.954 4.807
BH2 0.274 1.254 1.528 1.323 0.003 1.959 4.839
BH3 0.267 1.203 1.470 1.273 0.003 1.790 4.099
BH4 0.271 1.310 1.581 1.379 0.003 1.948 4.797
BHS 0.273 1.281 1.554 1.350 0.003 1.933 4718
BH6 0.267 1.187 1.454 1.256 0.003 1.830 4.346
BH7 0.272 1.338 1.610 1.407 0.003 1.950 4.758
BHS8 0.272 1.227 1.499 1.298 0.003 1.825 4.219
BH9 0.279 1.197 1.476 1272 0.004 1.780 4.120
BHI10 0.267 1.225 1.492 1.298 0.003 1.694 3.912
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Table 4. Rainfall data during the monitoring interval for
groundwater level

Time Rainfall (mm/day)
October 7, 2007 83.5
October 8, 2007 21.0
October 9, 2007 1.0
October 16, 2007 1.5
October 26, 2007 12.0
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Table 5. Hydraulic gradient and major flow direction esti-
mated by groundwater level data in the study site

Measured 9 data
Time

(Month- Hydraulic Major flow Hydraulic Major flow
Day-Hour) gradient direction (°) gradient direction (°)

10 data

10-02-11 0.0072  83.0691  0.0102  85.7190
10-02-17  0.0072  83.0917 0.0102  85.7077
10-04-17  0.0073  81.9046  0.0103  84.7934
10-05-09  0.0075  82.0547  0.0105  84.9051
10-05-17  0.0075  82.0057  0.0104  84.8889
10-08-09 0.0086  87.3220 0.0112  88.3532
10-08-17  0.0090  84.9145 0.0118  86.5554
10-09-09  0.0083  84.8938  0.0112  86.6576
10-15-10  0.0093  85.8211  0.0124  87.3667
10-15-17  0.0088  86.7609  0.0119  88.1434
10-16-09  0.0083  84.5659  0.0113  86.5218
10-16-17  0.0080  83.9505  0.0109  86.1077
10-17-09 0.0080  88.0836  0.0109  89.1174
10-17-17  0.0078  84.8642  0.0108  86.8325
10-18-09  0.0078 853584  0.0108  87.2470
10-18-17  0.0077  83.1084  0.0107  85.5898
10-19-09  0.0077  82.6101  0.0107  85.2941
10-19-17  0.0076  83.6078  0.0107  86.0436
10-20-09  0.0078  83.5290  0.0108  85.9388
10-20-17  0.0077  83.0362  0.0107  85.5848
10-22-09  0.0078  83.1428  0.0108  85.6733
10-22-17  0.0078  83.7111  0.0109  86.1264
10-23-09  0.0080  83.7330  0.0110  86.0106
10-23-17  0.0080  83.5280 0.0110  85.8880
10-24-09  0.0079 832675  0.0109  85.6914
10-24-17  0.0080  83.4987  0.0109 858516
10-25-09  0.0079  83.1756  0.0109  85.6879
10-25-17  0.0078  82.8846  0.0109  85.5511
10-26-09  0.0078  83.5420  0.0108  85.9590
10-26-17  0.0078  83.9421  0.0109  86.2678
10-27-09  0.0079  83.7952  0.0109  86.1245
10-27-17  0.0078  83.5641  0.0109  85.9868
10-29-09 0.0078  84.4841  0.0109  86.6966
10-29-17  0.0079 84.7550 0.0110 86.8639
10-30-09  0.0081  83.3851  0.0110  85.7391
10-31-09  0.0081  82.3811  0.0110  85.0177
10-31-17  0.0079  82.8623  0.0109  85.4005
11-01-09  0.0080  82.3245 00110  84.9944
11-01-17  0.0079  81.7618  0.0110  84.6824
11-05-09 0.0079  82.1980  0.0110  84.9875
11-05-17  0.0080 81.8764 0.0110  84.6822
11-06-09 0.0081  82.7413  0.0111  85.3240
11-06-17  0.0080  82.8832  0.0110  85.4406
11-07-09 0.0082 824595 0.0112  85.0701
g 71F0 2 3o x2 2 T4 UL yEHL g5 e
o2 7MYt AHJTHFig 1 F2). Asts F
52 wake BHI-BH4-BH7E @98 713 o8
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Table 6. General statistics of the hydraulic gradient and
major flow direction

Parameter I;S;n:)vk:;; Range Minimum Maximum Mean
Hydraulic 10 00021 00072  0.0093 0.0079
gradient 9 0.0022 00102 00124 0.0109
Major flow 10 63218 817618 88.0836 83.6466
direction (°) 9 44352 84.6822 89.1174 85.9792

55 Weke] HEEA 321

EE

‘;‘L"f’*xlc’ﬂ*i 4R Astee] FeldAake &

MRS 109 198 71& 08 shof A7
JERE% 23t At BHAAIE £ AA
:LEHEL Fig. 40 #H4d o] glon], Asg F
WEkel WME = E Fig 59 2tk 727
Ul e AAE 108 7o) W™ 739835 mm)ol] 9
3] 0.001 AX Frslgon, g 108 1043 12
o Atolol] BHI0E A 438 F4(500 m” A =)ol
o3 e AAE A 718k del g 4
2734k HEAFE 109 159 o]FRH HHs
Hou, ek = 52 Weke 109 1697 17¢
Atolol efzhe] WE S Ve o= 10€ 16
Yol BT F-oll 2% Ao Z AT BS7)
59 Aty F 8F WL FEFAN BA
A ko R gAEo] o, £ HAY Zol
755} F4o) o8 FGE B
7h A A 42 10€ 16

ioﬁv e
11! ot ot ﬂ\m r

A olFe) A3

9 data [ 16 datn

0.013

0.612

Hydranlic Gradizat
= =
= >
s =

e
=
2

9.008

0.007

Elapsed Time (day)
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