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Groundwater Contamination at the Seokdae Waste
Landfill Area of Pusan City
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Abstract : Wastes produce groundwater contamination, offensive odor, and hazardous gases. This study
investigates the contamination of groundwater at the Seokdae waste landfill area and seeks the desirable ways
to minimize the groundwater contamination. Groundwater levels, water chemistry and aquifer characteristics of
wells were examined around the Seokdae waste landfill. The water chemistry of the Dong stream, the
groundwater distribution and flow were also studied. The results of this research show that the estimated
quantity of the percolation from the landfill base to the ground is 520 m’/day and the extent of groundwater
contamination is about 1-1.5 km from the center of the waste landfill. The groundwater contains heavy
metals and other toxic elements. The conservation and management of the groundwater of the waste landfill
need several monitoring wells to check the quantity and quality of groundwater, pumping wells to extract the
contaminated groundwater, and slurry walls to protect the movement of contaminated groundwater.
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Figure 1. Geological map around the Seokdae waste landfill.
And : Andesitic Rocks, Rhyo : Rhyolitic Rocks,
Lap tuf': Lapilli Tuffs, Aluv : Alluvium.

Table 1. Well inventories at the Seokdae waste landfill area.
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EE, Ak 58 @A 330 Fgure 20 AL &
2 Aol BAFH O] 9o, Table 1o £%, ph, A7|AEE,

Water Level

NO. Temp(°C) pH EC(uS/cm) (below surface) Well Type Use Remarks
1 15 6.40 182 1.62 dug well domestic
(6.15) (354)
2 dug well domestic
3 15 6.02 458 3.97 dug well domestic
4 16 7.36 122 domestic surface water
5 13 592 211 1.52 dug well domestic
6 13 6.28 85 dug well domestic
(6.05) (110)
7 19 6.70 741 3.34 dug well unused
(7.35) (717)
8 16 6.69 1005 343 bored well bus termimal  well depth 25m
(7.36) (585)
9 13 6.36 573 bored well Miwha factory
10 15 6.56 922 bored well fish farming Cheongi factory
(6.80) (910)
11 6.70 444 1.2 dug well industrial
12 6.72 442 dug well
13 19.1 5.82 273 1.5 dug well domestic
14 5.33 204 1.0 dug well domestic
15 184 6.10 252 dug well domestic
16 17.0 5.51 171 dug well domestic
17 17.3 5.76 321 dug well domestic
18 6.40 651 bored well domestic well depth 150 m
19 2.4 6.43 633 dug well domestic well depth Sm
20 18.3 6.80 363 bored well domestic well depth 150 m
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Table 2. Estimated quantity of gases at the Seokdae waste landfill (unit, m®);

Gas CH, CO, NH, H,S TOTAL
Quantity(m®) 1.1 x 10° 9.6 x 10° 9.0 x 107 5.1 x 10° 2.1551 x 10°
Ratio(%) 51.04 44.54 418 0.24 100
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Figure 2. Location map of wells around the Seokdae waste
landfill.
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Table 8. Chemical analysis of contaminated seepage water in the
Seokdac waste landfill.

Component 1 2
BOD(ppm) 1049.7

COD(ppm) 1971.8

pH 8.38

EC(pS/cm) 11270

NH,-N(ppm) 686.648

NO;-N(ppm) 31.210

NO*-N(ppm) 0.266

PO,-P(ppm) 10.028

Total(ppm) 690

Alkalinity 1357.42
Na(ppm) 2844.27 230.08
Mg(ppm) 184.36 715.72
K(ppm) 1578.79 4317
Ca(ppm) 23.90 3838.3
Cl(ppm) 2,076.5 42.6
NOy(ppm) 8.2 ;g;g
SO.(ppm) 108.1 Leas.7
Cr(ppb) 401.3 568
Mn(ppb) 639.3 99.3
Co(ppb) 48.0 65.8
Ni(ppb) 214.1 2529
Cu(ppb) 38.7 15
Zn(ppb) 437.7 17.8
Cd(ppb) 16

Pb(ppb) 24.0

CO; 8} HyS ] BIFL Z7)1Rtt A (Penty et al.,, 1984) 7)<
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olt}. gtrjold A9} total alkalinity”} 600 ppmo]Ate]ct.
ool ZoA] Na'7} 1357.42- 2844.27 ppm, K'7} 71572 -
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Table 4. Chemical analysis of the Dong stream.

T &

Table 5. Chemical analysis of groundwater.

Component 1 2 Component 1 4 6 7 8 9 10
BOD (ppm) 110.44 12.11 BOD (ppm) 195 7.60 ND 234 - 199 1083
COD (ppm) 72.41 39.87 COD (ppm) 2.68 321 083512.06 - 541 2652
pH 7.03 6.88 pH 640 736 628 670 6.69 636 656
EC (uS,/cm) 1980 1712 EC (uS/cm) 238 122 85 741 1005 573 922
NH, - N (ppm) 19.13 18.32 NH,-N(ppm) ND ND ND 168 - - 2.61
NO,N (ppm) 113.49 6.46 NO;—N (ppm) 9.66 377 152 3110 766 731 797
NO,-N (ppm) 11.10 0.14 NO-N(ppm) ND ND ND 522 001 - 0.0185
POLP 0.13 0.04 PO,P(ppm) 0.034 0.053 0.038 0.038 0.014 0.012 0.025
«P (ppm) 108 - HCO,(ppm) 29 39 12 78 124 48 166
HCO; (ppm) 157 104 Total (ppm) 51 62 32 110 158 72 198
Total (ppm) Alkahmty
Alkal. 373.95 158.57 Na(ppm) 1976 8.61 11.82 7824 8647 3526 12533
Na (ppm) 26.67 25.22 Mg(ppm) 1076 551 2.19 1141 2897 3041 15.68
Mg (ppm) 14.30 27.05 K (ppm) 219 049 1.62 7453 17.08 392 1046
K (ppm) 7852 73.31 Ca (ppm) 36.87 1887 <5 39.38 169.5476.03 99.72
Ca (ppm) 510 214.1 Cl (ppm) 44 6 14 167 446 172 254
Cl (ppm) 257.3 17.3 NO,(ppm) 505 55 51 113.0 275 449 117
NO; (ppm) 887 199.8 SO, (ppm) 23 2 15 52 181 110 179
SO, (ppm) 2439 2187 Fe (ppm) ND 001 001 078 002 002 018
Cr (ppb) 4032 488.5 F (ppm) ND ND ND ND ND ND ND
Mn (ppb) 14 23.1 Al (ppb) 135 279 257 375 151 1.5 1.6
Co (ppb) 25 65.4 Cr (ppb) <05 07 <05 <05 146 <0.5 14
Ni (ppb) 308 93.3 Mn (ppb) 111 111 111 614 4537 319 35177
19788 209863.5 Co (ppb) <05 <05 <05 <05 2 <05 1.8
Cu (ppb) 103 214.1 Ni (ppb) 04 04 06 15 9 06 08
Zn (ppb) 746 162.0 Cu (ppb) 08 02 11 23 22 1.1 110
Cd (ppb) 18 - Zn (ppb) 26 03 6.0 151 211861957 941
Pb (ppb) 472 - Rb (ppb) 13 02 22 27 8 52 25
Rb (ppb) 96 - Sr (ppb) 2818 910 682 4322 890 5996 672.7
St (ppb) 0.62 - Cd (ppb) 02 <01 02 11 163 1.1 0.9
Ba (ppb) Ba (ppb) 187 1.0 329 1369 249 335 2331
Fe (ppb) Pb (ppb) <02 <02 <02 <02 9 <02 0.3

S0] &0 A= Clo] 2076.5-3838.3ppm o2 714 wWow,
S0;2%= 101.3-108.1 ppmolth. FF&FZFME Cro] 205.7
- 401.3ppb, Mno|] 639.3-1648.7 ppb, Nio] 99.3-214.1
ppb, Zno| 252.9 - 437.7 ppbe] i Co, Cu, Pb 52 54 ppbo]
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104 - 157 ppm, CIo] 214.1-510ppm, SO;7} 199.8-887
ppm, Cro] 218.7 - 2499 ppb, Mno] 488.5-4032 ppb, Zno]
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Table 6. Chemical analysis of groundwater.

Component 1 6 7 8 10 11 12 13 16 18 19 20
BOD (ppm) 2.81 398 1.54 3.88 4.69 1.88 1.32 1.29 3.62 147 2.35 0.96
COD (ppm) 5.61 8.23 3.56 551 14.66  6.15 3.38 2.15 543 4.10 9.53 4.01
pH 6.15 6.05 7.35 7.36 6.80 6.7 6.72 5.82 5.51 6.40 6.43 6.80
EC (uS/cm) 354 110 717 585 910 444 442 273 171 652 633 363
NH,-N(ppm) 0.026 0.044 0172 0317 1695 0604 0.049 0.033 0.027 0.030 0.365 0.144
NO;-N(ppm) 20.288 3.141 18589 20.677 1523 18.297 14454 17907 11.119 3.706 5.086 0.443
NO,-N(ppm) 0.002 0001 0315 0.011 0.002 0.006 0.006 0006 0.001 0.002
PO,- P (ppm) 0.031 0.018 0.007 0011 0009 0729 0047 0057 0.018 0.011 0.006 0.036
Total 56 40 92 42 198 106 76 40 42 118 109 110
alkalinity
Na (ppm) 9.72 13.01 7640 3538 64.85 4089 5795 29.00 9.25 48.48 44.55 11.87
Mg (ppm) 6.60 2.02 6.92 19.61 6.39 2.67 6.47 324 1.57 11.69 12.36 7.04
K (ppm) 0.23 3.62 7022 5.64 7.49 2355 1631 929 1.92 5.31 6.59 1.49
Ca (ppm) 20.03 7.55 1449 5073 5441 23.07 4908 1584 1.80 67.47 46.80 39.94
Cl (ppm) 327 69 63.1 39.3 59.7 309.8 2511 78.0 66.4 281.8 131.84 40.20
NO; (ppm) 92.9 49 78.9 50.1 43.0 67.3 73.0 41.1 14.6 28.98 16.46
SO, (ppm) 1826 149 56.5 84.4 98.1 1047 655 25.7 2.6 10.3 82.01 29.99
F (ppm) ND ND ND ND ND ND ND ND ND ND ND ND
Cr (ppb) 0.9 14 14 1.1 59.7 12 1.0 0.7 0.6 1.1 9.23 3.34
Mn (ppb) 1.0 3.2 26.2 39 18640.4 268290 147.67
Co (ppb) 0.1 04 0.3 0.2 92 3.10 0.48
Ni (ppb) 16 15 10.7 3.6 478 14 0.7 0.7 0.9 4.1 3.30 64.51
Cu (ppb) 33 6.0 80.7 9.7 282 29 4.0 35 1.1 29 9.06 221
Zn (ppb) 37.6 56.2 113.3 3267 416 22.8 19.2 8.2 3.0 27.7 52.06 54.65
Cd (ppb) 0.1 0.5 0.5 0.2 0.7 02 0.1 0.1 0.2 02 2.13 0.22
Pb (ppb) 09 15 0.7 1.7 1.1 04 0.5 0.6 04 0.6 043 0.20
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Table 7. Average hydraulic conductivides of geological materials
at the Seokdae waste landfill.

24 A= (m) FYAXE (cm/sec)
RE - FEGS 0-5 5% 1072
g -9 5-20 5x 107
A 20-40 5x10°°

A% 32k = B M w28 mlg el Sl A
o o) gt sl LEHAE Tetelr] Y Ao Ay 9
st & A SAGA ddie} vk 5o AsE ZAMS
At HkeFe) AUk HAPAAE gRE FFEE ol&dn
Ao, A3kee AR AN g2 HE A3l £ FAESH
A A5E 8 o] &H 1 ATt sFEA ] o] &HI gl=
199 Agee AE7E 5m WY2A AF Xsholy, AEF
o] A3 o gdx=lo] Ut} ECE 633 puS/cm, total alkalinity
109 ppm, CI- 131.84 ppm, NO;2 28.98 ppm, SO, 82.01 ppm
ojth. £F4H FA Mn¢ ko] 27 13,682.90 ppbl
ol Sehtet §859 J1EA Nt 45001 % B golth F
Aol AL 200 Asrs A7t o 150m Axolm,
A4 FAAFE O T FREe] AR o)§3ti YUt
EC¥ 363 uS/cmo]H, total alkalinityy= 110 ppm, Cl” 40.20
ppm, NO;2 16.46 ppm, SO;2 29.99 ppm .24 Ao #7]& vl
993 o 1 Km3E "old glou ¥&5el I8 oj=Aw
290] Ho} Yk AL & & glch - o2& Ashe) whAD
vhE-akA Polr e Fef HEr) Hu, HAV|E @ FNA T
AE= 7kx FAA FVRT FAE CO% H.SE 3 whg
g4 HCO;9} SO;%0)2-& 7} AZlt}. 208 X8 dnt X
slErRTle o2 ARES Bol §ista vt e do) e
6m #3149 C1-, HCO; R SO;%= 742} 20 ppm Wi &) o]t}

Xlel+ RESET

AHEA e 78(1992,1993)00 M AT 239 g
89 Rurd oatd, tfdel AFdL REZF dF 3m
vielola F3lizh oF 5 m eolr 1 sHiellE fFEGEAY
T QMREYe] yERdth. sf@e] JddES diRE
=3 Ayt 2EHe glen, 53] iy C A9 ME5H
315F e AP AFAEA 9fstH R.Q.D.(Rock Qu-
ality Designation)7} 0 o] 7}7hg 77h% 1o SH4jdi7t 24 2
gso] gle 3 Zu. B3 A siote] dgddle JET
g0} Mzro] ¥gta o7 UM {57k WA Yt o]
21§ AMAEE vjFo] B of (P JEFES dAd 2
gd 74 S vt LA FEEHL U Ao FRAEH.
d C ATy AZAA 3TF o2 APFIY AFF oA
AAEH packer test(FAMR EA] ST, 1992) A A
¢l I s A=} Table 790 0.

olFolA FHAdE AstrAT ARHE 45m HEolr}.
1993 @7k gk e AL ol BFF vHEEHo2 g
HE&F7E £2H o] Wdo] A7IEolA, 1994d 7)ol FA4t
Aol A A& 9 WAE AT 25y FAE AT 1

_\_?i__
€
=

Ol

du AE5 fE0) 919 AAFX) XL oHYE $7)dE
12550l AR FEUIL oA $HF A5 RS W)
7] Sl H2% 19 A5 Baro] Wasith 19930 4
Ao fE2HE YEFZRH X9 ASS: 45 SEB
e EEL T Eiss

C AT MEHANAY Bt A3l : 405 m(BFATH 71F)
A HEF 45 e 1% 1 25 m(PFTE 71E)
L&A H7A9 Az : 100 m
Fotet - A W FEAER K: 25X 1072 an/sec
2274} J : (40.5-25) /100

= 0.155

d5o] wetd AAA 44 BT F5-&(ne) 0~ 10% (Davis,
1969)2 o]&3t o] X el HFMHEE(va, average
linear velocity)E 3}

KJ

Ua=I =3.88X10_3C1'n/SCC

~ 3.4m/day

wEh C AT+ AZH A 100 m BoiA 34 £&2|3
A Askert E2died dels A o 30d2A 979
£ thEe A&7 &S Al £E23AT. JFH oz u)
HAL e ATl §A3l] T A TAZNA B A3}
7} fdErh. Y8 AEe &S 2g9=EgHA ER
9 79 HE AA 2 {53, o)X AerE o9
Al7)a Qlek. @A) 19 e o F HeE $EUS 209
7ARolth. Wiy C X7 NEHL] BAA AlFAtEe} HdE A
e SBFANA AR ABZ o] &3] WPA Yo A8}
F FEEEE FASE g g

s2l7AH hydraulic gradient):
WY C AT AT A e 405 m(BE sTE 71E)
AE Y7 11 $EoA 3159 : 88 m(BHF si5H 7€)
AFE 239 A : ¢ 1,060 m
sy} y= (405-88) 4050'53'8) =0.0302
EERA F3 AT Ao FEEEAE0~5m)
G £ AEE K=102cm/sec
FEFTFE n=025
HAEAFEE V,=1.2x107 cm/sec

= 1.04 m/day

3 oA AR Aer f5EFERIE5~20m):
HA7 FYAEE K=2.53x10" cm/sec
FREFIE n=015
HIFAYEE V,=5.1x10*cm/sec
= 44 cm/day

Agtoll A AT Ak FESEAE 20 ~ 40 m) :
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P FIARE K=2.75x10"cm/sec
FEFZE n.=0.05
HFHNEEE Vo= 1.7x105 cm/sec

=~ 1.5 cm/day

o9 FHHE Xl AFEEE-E PP 9] FEF A5
F FE45xetn @ £ XL, A o] A9 A o
AHE Y o= 9] S 2t ). A E F-ARAL
o ot &Sl o3 Ast LdEdE wHA FAoA
1-1.5km A= 71X oj=2 1 Yr}.

=T B4

H7|E m@dZer] HAHE JS5FE AFS7] 935 of
Al & FALHE HAAS. 19873 FH 19939 713
of FAbApte] € A #, € HEA 25 98 £3E YA
B5o ARE 7MA 3 uF 7 (US.EPA, 1984)00 4] 7%
3§t HELP(Hydraulic Evaluation of Landfill Performance)
Version 1 Z2 3£ o] &3 ct. A di#7| & sG-S 2e7]
7t 2 e & AHALE 2 ANEALE Yo gle AElolth.
wEhA] HAARA G A Eo] HeglA) e BEST) 287
Z9] two layer system& |88t} 7 £9] B2H HAEL
HELP 2dod AP #EL o]83}¢.on Table 8o gi}.
HELP T2 132 o] 83 1987 EE] 1993 71x|o] HAHE
A A7} Table 99 it} vigd HA & nwjste &= 3
B3 & &L 3z 336,196 m’fyr 2 FAF o)A,
o|RE UPFOE B oF 920 m’/dayo|t}. AYF WA
AEFFAA G4 FALAR Feyrte 42 B &

Table 8. Physical properties of two layers in the Seokdae waste

landfill.
Layer 1 Layer 2
(vertical percolation layer) (waste layer)

Thickness 15m 20m
Evaporation coeflicient 1.82 mm/day 1.82 mm/day
Porosity 0.389 0.52
Field capacity 0.199 0.32
Wilting point 0.066 0.19
Effective hydraulic
conductivity 4.67x10 % em/sec 2.0 107* cm/sec

Table 9. Average annual totals of hydrologic data for 1987

through 1993.

quantity(mm)  quantity(m?) ratio(%)
Precipitation 1,487 764,302 100.00
Runoff 637 327,743 42.88
Evapotranspiration 195 100,363 13.13
Percolation from
base of landfill 655 336,196 43.99
Drainage from
base 0.0 0.0 0.00

Fol ©J3}9 9 400 m’/daye|c}. ufabs ¢=31A) A2 AFE
3t A& oL oF 520 m®/dayel] g}

FLR] iy

H71E gl A st P& 23 ¢ o) A3}
T 4E U7 sl dEF el s G2 o] Fal
Hi e FER Y o879 #3574 (monitoring well)S 4
A3t P 470, 55 N, 4ulEus 154, SR
270, welF 1) Aot +2& F7]|H 02 RAFslo]of §
o & JE5 A4H (pumping wellyg o2]7) A3t 2 Fo
A A7l e dd AsrEE AFstod A A2 F sk
o Fdtedok girt. dA @G Y7ol e HEF AL
L#del #HHslo) Aol Bt e B NEE H
S AL UEo]of @ Aot} o-& WigH T A5}
T 4] FidH 3 I 2EEE, ddE, AEA ) A5
¥ AX|7t et gdog #EAY AFHY FFH AR,
Ap e $X 9 FREE AFE] A& YA HUE
@4 ddie] At F5Y edEdy g A E 6 F
A 3}A ZALE oA oF 3T}

4 £
2479 282 g 2.

Ao} )8 HHA) 98 AL E FAY Bedrlof B
@ oMLY A, FELAAT $HFo2 T4 2

1.
.

hal

30 ofy (fL Ty

=
AL Aol AYeE, $AEEY 939S F R
SEo] 2eH glon, Mo Myxs §AGTH 438
& Atoldll X git). ehtA Yol = ey TEo] T Eo
on N20W 90° 9} N6OW 38SWe) A A7t S48ttt &
o= 5] @o] waty|o] glon, Haje] 1S N6E
86NW 9} N87W 29SWolt}.

2. ) v PA] ] SExAl Aol o3lH LEEXE
13-20°C 492 HE A 349 £EF-Xo|H, pHE 5.31-
7.362.2 WR-E RPN Fdvtelg s T4 AT
a3 FZIMESE 100- 1000 uS/cm 24 FARAS thi-
£ $EE°] A&Fd 2495 i, =7t @& 89
Ee B Ha] L9AZs woh XA E AR 1.
0-3.97 mEX Aat5ge] vy T3 Aoz F4dct

3. Aol v @AM B E 7k2~E CHSE COP A o)
F-8(95%)°1™ NH;9 H,S 7F27} m| 3 (5%w]9h) yebdtt. o]
7¥2% CHy, NH;, HpS E2 439 /54 WA E 2.
2831 CO, 9 HyS & &40 HCOz9) SO;2 o] &2 37}
k=S

4. A249 A EL BODS COD7} 1,000 ppm o)A}
o)1 AZ|AEEE 10,000 uS/cm o}Ateltt. Na™', K'E 1,000
ppmojitoln, Mge 4% ppmojd Cl' 2 2,000 ppmo)ido)
I SO;%= 100 ppmo)igolct. FFEFFNA Cr, Mn, N,
Zno] 9 ppbo]deln], 53] Mn & 639.3~1,648.7 ppbEA]
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5. 3% &9 AFl Xt FHL T A
A WEHE Heet Ad 287 @AM 2AsE JE
Foll o8 o] 7H53 51 . o] R¥E sHFE T
Q] AJ4ES A 2 FA7)3 gl

6. A3 AEA Aol oJ5ha ujPA| MZEH YA 5=
355 vFa wiyA gl fAske Al vlee) ArE
& 287) @l Bsks FEol ) Zo] 2.go] 5
o] gltt. F39 YA FAbs TARYY] AsrELS 299
st 247] @G LS AEFol A 2Fo] &
stE 3 Utk A dlE e ¢} vlelE dgjo] NFFER 28
7] sige] A&l 93 2F=9 310 total akalinity7} %31
Cl', S0;%5¢9] Fole? FF4F5F Mn, Zn, Ba, Sr, Al 59 3
o] E}.

7. h@ge) shite frEohdy QHled Ml 9
st Ael7k ol wkslol glom, 3FF ok AP F2ANE
R. Q. D7} 0ol 778 7= o Ffoizt 24 22Ho
Ut} o] X gutol M) FF A3k AEEEE 3.4 m/dayE
480 A4 oIS BAANA AL FALE gaste] 3
%5 R AEFY 79 A Qo $7)dE obF e A
580 29 Ut

8. MYFE A& AFo| A3t FHAA B2 AFHr)
4= A&t A WFF 3F 47 He A2 &
Sach @A) 3R o] g5 gl o] MEA S A3}rE
2 g5 S 2d5e] o, A4 A" LEgAHE
2#7] W@ 44 F 1- 1.5 kmA = 7bA] 0|t} vl 7o
Ae] Aty FEEET RESY Fold A5 (4HE 0~5
m)oll A 2k 1.04 m/day, F3ld] sHel dY-FHAH= 5~ 20
m)ol| A} oF 44 cm/day, A% AYTHAE 20 ~ 40 m)ol| A
£ 1.5cm/day2 FAH}

9. 198713 ¥E] 1993 7X|9] 63 F<t M) w @A)
T AET BT T A5FY 43.99% 24 43 o 920
m'o]t}. o] AR FE5Z|A oF 400 m*st Wi PR w5

AR FWa, 55 Az ATHE 18Se o
BT o 520 m'z FE

10. 4t whRF o) sk L @WA Ho e A
2 AFAY A, A 4A, 71 25 AP wehy
A A2E AEF AP 447} Bes,

AP A

o] =7 19931 E TR TGS FRIA A9}
dtEAd dpnlo) gty drHAen, A7HE Y8
=T A FASEA G FARRIT E=3 AR
< FYF TEAHEY 71298 PAE 9} FAEAEhn
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