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Groundwater Hydrological System in the Seokdae
Waste Landfill, Pusan
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g A g A sl S S A2 52 FAE.

Abstract : The Seokdae municipal waste landfill was filled from 1987 to 1993. A disk tension infiltrometer was
used to estimate the saturated hydraulic conductivity of the upper parts of landfill cover. The estimated saturated
hydraulic conductivity ranges from 2.2X10* to 8.1X10” cm/sec. Net infiltration through the Seokdae municipal
waste landfill is estimated from precipitation data, hydraulic conductivity and reported landfill profiles by using an
unsaturated flow model, HYDRUS. Total infiltration rate is estimated to be 939 m®/day. Leachate level rise and
leachate seepage are computed by adopting a simple model.
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Figure 1. 3-D elevation map of the Seokdac waste landfill.
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Table 1. Landfill sites of the Pusan City

Year Landfill Site Volume (m*) Area (m?)
1977 =21 116,086 484,000
1980 AHE 587,962 581,000
1981 AP 1,175,926 536,000
1982 PR E, JA S 1,314,439 488,000
1983 A E 858,900 264,400
1984 BAE, EF 1,180,222 268,660
1985 HAlE, sl E 1,222,750 278,966
1986 AYE 1,466,000 212,731
1987 Ao E 12,848,317 662,410
1993 2&x 2,667,477 315474

Table 2. Zonation and landfilling at the Seokdae Landfill site
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A zone B zone C zone D zone Total Area
Area (m’) 220,583 60,443 72,657 160,657 514,345
Depth (m) 30-~-39 31-34 31-34 23-31 -
Volume (m®) 5,789,907 1,813,290 1,332,313 3,309,807 12,848,317
Operation period 89.3~935 90.4-91.12 90.4-91.4 87.6~93.5 87.6~93.5
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Figure 2. Surface pond distribution at the Seokdae Landfill.
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Figure 3. Infiltration test sites in the Scokdae waste landfill.
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™= Data reading(Time and Graduation)

Bubble Tube

Figure 4. Diagram of the disc with major components of tension
infiltrometer.

Table 8. Cumulative infiltration data collected from disc tension
infitrometer at hye=-16.3, -9.1 and -3.0 ¢m (Site 1)

Infiltrometer measurement (1997. 06. 20)

Tension=-16.3 cm Tension=-11.5 ¢cm Tension=-6.0 ¢m

Time lable value Time  lable value Time lable value
(sec) (mm) (sec) (mm) (sec) (mm)
0 90.2 0 125.3 0 173.7
30 92.3 30 127.8 30 181.0
60 93.0 60 129.1 60 186.5
90 93.5 90 130.2 90 191.3
120 94.1 120 1314 120 195.0
150 945 150 132.7 150 199.8
180 95.2 180 1336 180 204.0
210 96.0 210 134.6 210 207.8
240 96.5 240 135.3 240 211.6
270 97.0 270 1369 270 215.2
300 98.0 300 137.8 300 218.5
330 98.9 330 1384 330 2224
360 99.3 360 139.8 360 225.6
390 100.0 390 140.6 390 2284
420 1009 420 1414 420 232.0
450 101.7 450 1425 450 235.5
480 102.1 480 1435 480 238.5
510 102.8 510 144.5 510 241.6
540 1037 540 145.3 540 2447
570 1044 570 1462 570 247.6
600 105.1 600 1472 600 2504
660 106.8 660 1489 660 256.0
720 108.0 720 151 720 262.3
780 109.3 780 1529 780 268.2
840 1109 840 154.3 840 2735
900 1125 900 156.4 900 279.0
960 114.0 960 158.3 960 284.3
1020 1149 1020 160.2 1020 290.0
1080 116.1 1080 162.0 1080 295.5
1140 118.0 1140 163.5 1140 300.5
1200 119.1 1200 165.0 1200 306.7
1260 120.2 1260 166.9 1260 311.8
1320 1219 1320 168.5 1320 316.9
1380 123.1 1380 170.5 1380 321.9
1440 124.0 1440 1719 1440 327.8
1500 125.3 1500 173.7 1500 3337
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Figure 5(a). Field data and best-fitting curve for estimation of
hydraulic paramenters at Site 1~4.



24 AY iYg 2 3 Fue Asd seliad B4

e [SE3] s [E]

~ aooz Ks=44cm/ hour 0.00025 K = L0cm / hour
% =1061cm/ day @ =242cm/ day
%o oo A =58cm g’ aoam; A=155cm

-E.i 5 amots]

& o

-200 —1&0 -1’20"74'.0 AIO ﬁ_‘0.0 .am#-v{lo -|I20 -&IO 4‘,0 &‘0
Tension head (cm) Tension head (cm)
amn | Site 7 aoos | Site 8
o008 Ks=292cm/hour aoooe| Ks = 05cm/ hour
@ { =6999cm/ day > =136cm/ day
go”‘" A=32cm g, oo 7 =113em
g 4
S 5 oo
& &
san]
0.0000 T T T T v T 1
200 -180 120 -840 40 0o 200 -160 -120 80 40 oo

Tension head (cni)

Tension head (cm)

Figure 5(b). Field data and best-fitting curve for estimation of
hydraulic paramenters at Site 5~8.
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Figure 5(c). Field data and best-fitting curve for estimation of
hydraulic paramenters at Site 9~12.
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Table 4. Calculation of hydraulic conductivity from disc tension
infiltrometer tests

Tension A K K

Q (em/sec) (-/10° Gradient (cm) (cm/ (cm/

atm) sec) day)
0.000134217 16.3 0.002808

Site 1 0.000204337 115 0.004275 8.7 8.0x10* 69.1
0.000405854 6.0 0.008491
0.000149202 163 0.003011

Site 2 0.000205101 115 0.004291 55 19%x10° 166.2
0.000659184 6.0 0.013791
0.000075664 16.3 0.001583

Site 3 0.000071736 115 0.002033 53 99x10* 86.0
0.000331002 6.0 0.006925
0.000085224 16.3 0.001783

Site 4 0.000203524 11.5 0.004258 44 2.8x10° 2419
0.000729304 6.0 0.015258
0.000108310 163 0.002266

Site 5 0.000142964 115 0.002991 50 1.2x10° 106.0
0.000443327 6.0 0.009275
0.000103530 16.3 0.002166

Site 6 0.000126665 115 0.002650 155 2.8x10* 242
0.000193152 6.0 0004041
0.000058122 163 0.001216

Site 7 0.000214661 11.5 0.004491 3.1 8.1x10° 6999
0.001230800 6.0 0.025750
0.000114715 16.3 0.002400

Site 8 0.000135029 11.5 0.002825 11.3 42x10* 136
0.000254094 6.0 0.005316
0.000097173 16.3 0.002033

Site 9 0.000113090 115 0.002366 12.6 3.1x10* 272
0.000199939 6.0 0.004183
0.000112038 16.3 0.002344

Site 10 0.000326604 11.5 0.006833 5.0 3.0x10° 264.1
0.000937369 6.0 0.019611
0.000079631 163 0.001666

Site 11 0.000096122 115 0.002011 148 2.2x10* 192
0.000151328 6.0 0.003166
0.000060512 163 0.001266

Site 12 0.000148700 115 0.003111 4.0 27x10° 2350
0.000613393 6.0 0.012833
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Table 5. Estimation of net-infiltration rate

>>—> Test Sites

rf HYDRUS Results Total
e K Suface . pAINTRUPTK) Infiltration
(cm/day) area (m”) 3
(cm/year) rate (m’/day)
A zone 400 206,818 73 414
B zone 166 128,791 69 243
C zone 86 131,929 62 224
D zone 16 46,805 45 58
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Scale

elevation contour
interval : Sm

Saturated Hydraulic
L Conductivity

| K, =16cm/day

K, =86cm/ day
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K = 400cm/ day

Figure 6. Infilration test sites and saturated hydraulic conducti-
vity distribution discretized into four zones.
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Total net infiltration rate through the landfill surface=939 m®/day.
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Table 6. The rise of leachate level computed from discharge potential change

k N 1 (m) d (m) @, (m’/day) @, (m’/day) h-d (m)
10 130 138 0.30
3x10* cm/sec 60 cm/year 100 20 520 528 0.15
-2.6 m/day =1.64x10% m/day 50 3,250 3,250 0.06
100 13,000 13,008 0.03
10 13 21 2.71
3x10* cm/sec 60 cm/year 100 20 52 60 148
=2.6%10" m/day =1.64x10° m/day 50 325 333 0.61
100 1,300 1,308 0.31
10 1.3 93 16.74
3x10° cm/sec 60 cm/year 100 20 5.2 132 11.86
=2.6x 107 m/day =1.64x10° m/day 50 325 405 5.81
100 130 138 3.03

:discharge potential; (h-d): leachate level rise.
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Figure 8. Diagram for the determination of dischange quantity
for dam section.

o Zkztel dia] ALE STt 2 3 m=0.279] g 4%
o a=23.5 m9| & AU Ao £Aom Gy E g A
FF FEEE AN FPAEEs) 3x10%° om/secd W
12.36 m®/day/m, 3x10* cm/secd ® 1.24 m’/day/m, 3x
10° cm/secd o 0.124 m*/day/mZ A2t ft} o] 2L
W H AR £2 GAF (1 m)T FEE 2R 4y CXF
o} 35 % b Alole] of2id ¥ES U2l £ ol Abdg
Z2 e 300 m Axolch A F 558 FUAEE ¥
o) ujat zzk 3,708 m’®/day; 372 m’/day; 37 m®/dayo)t}. M
el gge] o Ax]Fe} BRIl BAElE e
BEE Y god FFHow ujyg CFY AlHE £
W2 e AV 3RE XEFAR Yrke Gejelr] W] A
A AlRS B8 ol vere HES59 4d Hd M e
A E WEF HEF 24N A& ATUEER iy
k9] zojolr},

5 5 S48 2ot Y o AEF B2
2 939 m’/dayo] T AP BE B wiS2d] G LS55 o)
2.2 400 m’/day(Chung, 1995) 7} 5oz |U=H o= 7}
& gl g F2E&L FYHTE} 3%X10% am/secd
g o} vig CARTF} 55 Alol] 4t 54 31L& 58 A2+
¥&& 372m’/dayolt}. 2HES 2L FA F 939 m’/
dayoll M &2 D iRl o3 dd AES5 WET 400
m’T} oA AAE 4 B4 RS 5% 9Y HEF ¥EY
Zejs Wiy DATY }RE B3 AEs FEFE AYId
i 167 m’/day?] &7 Wfg C AF A F9o] opd
ZoA v F FF ulgg B3 FHOZ o] E0i7} Toth
(1962, 1963)7} AA FH #E T 9 Fr9 23}
T ZEA frd=e Aoz EAET.

2]

%
#

e
o

I
& 3

o

off

L9

=



EAR S I PASS

Z2 B

M 1 AHAF RS 2L AT ANEE

iYstel BrEolg o, Wide] BuE F has) WESF 5o
B FUAAHY 24} AAHAY. 22 Ass B A

Ao vlulz Qe Aets B B BRAYe] A 4
v glok.

£ dFdME Yg23-3E A5AZ vd3d 25 127 AH
A Tt FEHEEE FH37] A% EFLEE FIFUL
o, 7 A7 FHYAEE gk HYrt 22x10°~8.1x10° cm/
secd & HdAT. ol 2AR AP YEE 58 FE I
F#Fo] ¢k 939 m’/dayd Roz FA3IGch.

FYHZET} 3x10% cm/secd wje] wjP CA79 EF
Ato]e] AF 54 FRE B8 &5 282 372 m’/day= A
Attt o] Ao AEate] My C A9} 355 Aloj ¢ A}
Holu 1 3HEE Bl FW Xls}Tﬂli F4i=, 1 ol

AEFE Yg 4 } 59 A9 4 Yoz A%
sl 22 7B UA B FRY A FUAE How
Hlc}.

AL AL

o] AT 19959 WER 7|23 SFEAT U)o %

42 W71 YA L 1 Fae) AABAAT S Y@
9 gk,

anesl

2174, 1996, 71 AR

BARGA ST, 1992, BAFHA Ao 287 g3
Aa% FEPA BEAT, 9%p.

KA ST, 1993, Nl 287] sidF A 2 A
F83 e a7, 389p.

Chung, S. Y., 1995, Groundwater Contamination at the Seokdae

A4e - A

Waste Landfill Area of Pusan City, Journal of the Korean So-
ciety of Groundwater Environment, 2(1), p. 1-8.

Gardner, W. R., 1958, Some steady-state solutions of the un-
saturated moisture flow equation with application to eva-
poration from a water table, Soil Sci., 85, p. 228-232.

Harr, M. E., 1962, Groundwater and Seepage, McGraw-Hill
Book Company, 315p.

Hussen, A. A. and Warrick, A. W., 1993a, Algebraic models for
disc tension permeameters, Water Resour. Res., 29, p. 2779-
2785.

Hussen, A. A. and Warrick, A. W, 1993b, Alternative Analyses of
hydraulic data from disc tension infiltrometers, Water Resour.
Res., 29, p. 4103-4108.

Kool, J. B. and van Genuchten, M. Th., 1992, HYDRUS, One-
dimensional variably saturated flow and transport model, Int-
ernational Ground Water Modeling Center.

Oweis, 1. S. and Biswas, G. C., 1993, Leachate Mound Changes
in Landfills Due to Changes in Percolation by a Cap, Ground
Water, 31, p. 664-674.

Philip, J. R., 1969, Theory of infiltraton, Adv. Hydrosdi.,
213-305.

Tonjes, D. J., Heil, J. H. and Black, J. A., 1995, Sliding Stff Di-
agrams: A sophisticated groundwater analytical tool, Groundwater
Monitoring and Remediation, 15, p. 134-139.

Toth, J. A, 1962, A Theory of Ground-water Motion in Small
Drainage Basins in Central Alberta, Canada, Journal of Geo-
physical Research, 67, p. 4375-4387.

Toth, J. A., 1963, A Theoretical Analysis of Ground-Water Flow
in Small Drainage Basins, Journal of Geophysical Research, 68,
p- 4795-4811.

White, 1. and Sully, M. J., 1987, Macroscopic and Microscopic ca-
pillary length and time scales from field infiltration, Water
Resour. Res., 23, p. 1514-1522.

Wooding, R. A., 1968, Steady infiltration from a shallow circular
pond, Water Resour. Res., 4, p. 1259-1273.

5, p-

198



