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Prediction of Leachate Migration from Waste Disposal Site to
Underground LPG Storage Facility and Review of
Contamination Control Method by Numerical Simulations
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Abstract : In case waste disposal site is to be constructed close to the underground facilities such as LPG
storage cavern which is completely maintained by groundwater pressure, it is generally requested that the
possibility on leachate contamination of cavern area be reviewed and the countermeasure, if it is estimated
cavern area is severely affected by leachate, be taken into consideration. Prediction was performed and leachate
control plan was made using by analytical and the numerical analysis on the leachate migration which is likely
to happen at the area between the proposed waste disposal site and the underground LPG storage cavern
located at the U petrochemical complex. Analytical solutions were obtained by the conservative mass advection-
diffusion equation and the effect of advection and dispersion factor on the leachate migraton was reviewed
through peclet number calculation and the functional relationship between the factors and leachate transport
velocity was established, which leads to enable us to predict the leachate transport velocity without difficulties
when different parameters (factors) are used for analytical solution. Numerical solutions were obtained by FEM
using AQUA2D which is for the simulation of groundwater flow and contaminant transport. 3-D discrete
fracture models were simulated and fracture flow analysis was performed and feasibility study on the water-
curtain system was conducted through the fracture connectivity analysis in rock mass. As results of those
analyses, it was interpreted that the leachate would trespass on the LPG storage cavern area in 30 years from
the proposed wate disposal site and the vertical water-curtain system was effective mathod for the prevention of
leachate's migration further into the cavern area.
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Figure 1. Location and fracture map of the study area.

o

HE mat FHFo] YAk & A9 g gt A3
(Geostock, 1985; SAAItH, 1996)0] &J&tH, B-2AL8} 749k 4]
FA) o) A FZA FEOF A% N20~30° E, 70° SE H-ake]
HeZo| Hrlgydas Ad3F Alolg & 80m 2 7123
2] Waxoe] glom 448 K=19x107~4.6x107 m/sec
ZA s RAow LA gt

2| XA
Ag71A 9] =

%‘ OEH fus
| °é ﬂ% Hli altlr. Z2 A L.
= 1.0x10°%~1. O><107m/sec9] )

v
A]-Ol'o 0.01~0. 0379] MH% Z%EE}(Geostock 1985) ul 2
X]‘l‘)oﬂ % AEE
74, 1996) ZAatel o
38 m= 4t&d vt o).

B FRXAH
EIIE Ol HSAIE ¢ ol BASA(FRAAS)S B
71 9iste] T FY-A FH2A)E (Single-well Injecton-
Withdrawal Tracer Test)(Pickens & Grisak, 1981)2 A A|3H
tl. Hornfels ¥ Andesite7} B¥E3l= AP T2 23.0 m7p#] &
ZAstgon gzt HA"E 11.0 molA 17.0m F3hel] 23
dg dAam 29) Pl Ba AL 2R, 27
A2 E KBrg ALl o % 5E 1,120 ppm, U FS
6A7t 34% £ § 7836 m'E XYL FUAF rk

Aoz ARBte] 36A17 EF oF 158 m & BAIRE 200
" AAste] FHALe] FEE SASHATHTable 1).

ZEMR|S A4F At 589 £20]5 S vehE A
WA Ao the-3) 2oh(Pickens & Grisak, 1981).
oC d*C , D* ( dC
+V—=aV——+ - 1
VS an [ ar ) M
7]4 Ce Bk, v AL V g

A%, 1 NPT LZ 2
47 4ol AUFAS s thet
1971).

U,
c, 2 U, 3 R

(2)



3

Table 1. The relative concentraton from the single-well tracer test
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Figure 2. Comparison of measured C/Co values for a single-well
injection-withdrawal test versus an analytical solution.

k= Az Ads:E AR A Adrx
Wz (Up) (C/Co) HIZ (Up) (C/Co)
1 0.104 0.9740 42 6.987 0.2012
2 0.221 0.9484 43 7.187 0.1926
3 0.337 0.9521 44 7.387 0.1822
4 0.437 0.8555 45 7487 0.1786
5 0.537 0.8726 46 7.687 0.1733
6 0.637 0.8157 47 7.887 0.1653
7 0.737 0.7903 48 8.087 0.1557
8 0.837 0.7686 49 8.287 0.1491
9 0.887 0.7536 50 8.687 0.1361
10 0.987 0.7358 51 8.887 0.1308
11 1.087 0.7243 52 9.087 0.1233
12 1.187 0.7072 53 9.287 0.1190
13 1.287 0.6852 54 9487 0.1125
14 1.387 0.6852 55 9.687 0.1095
15 1.587 0.6638 56 9.890 0.1052
16 1.787 0.6380 57 10.087 0.1007
17 1.987 0.6279 58 10.287 0.0964
18 2.187 0.6255 59 10.487 0.0934
19 2.387 0.5940 60 10.687 0.0892
20 2.587 0.5847 61 10.887 0.0861
21 2.787 0.5466 62 11.087 0.0824
22 2987 0.5274 63 11.287 0.0805
23 3.187 0.5191 64 11.487 0.0780
24 3.387 0.5049 65 11.687 0.0755
25 3.587 04930 66 11.887 0.0732
26 3.787 0.4758 67 12.087 0.0714
27 3.987 0.4701 68 12.288 0.0689
28 4227 04591 69 12.487 0.0668
29 4.187 0.4448 70 12.687 0.0644
30 4.587 0.4224 71 12.887 0.0624
31 4787 0.3949 72 13.087 0.0603
32 4987 0.3736 73 13.295 0.0588
33 5.187 0.3605 74 13.600 0.0562
34 5.387 0.3410 75 13.830 0.1129
35 5.587 0.3162 76 14.155 0.0541
36 5787 0.2819 77 14.477 0.0506
37 5.987 0.2614 78 14.790 0.0484
38 6.187 0.2454 79 15.113 0.0462
39 6.387 0.2321 80 15.582 0.0430
40 6.587 0.2231 81 15.845 0.0418
41 6.787 02127
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Figure 3. Comparison of the relative concentration according to
the input parameter values.
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Table 2. The input data for the numerical simulation
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Figure 6. The finite element grid used in the numerical simu-

lation.
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Figure 7. The groundwater head distribution before the landfill
construction.
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Figure 8. The groundwater flow vector around the propane
storage cavern after the landfill construction.
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Figure 9. Comparison of analytical and numerical analysis results.

% 8 82 fu

HlGTH ALTF Alolol
HA Zojate] a4t
HETOIE KF : H7IE0dGoA r2d
B2 R FxWgtel LPG AFAIde] =gy
7] $18ted A Egol g3l HE Akt A
2 7 210 mojl A 450 m7H=] vigge] YR g o] FA
WA GG HEFT FEE A, S5 29 2
& e AAlEA

sk

O (]
4g 73S

==

= o

WY 7hg ke Z2RALEE D2o] MY S
F(PH-62)E BEAHOZ ¥ SA814 23, #7120l Zgol

210mol 43" A% AN e DE5 B3 o5
o ¥EH F 2d Ul BEXY (PH-62)0] £2(Phis% 0.

05)== Aoz MR en, wdato] 330 moll o)AF o] A

AYE Ao, 10a744E A2571 $58 MWL 71Eo
2 e ol gl AT ARTE Aolo) Wty

AN E et F£3] o) Fste] 259 Ulo) PH-62 =7l &
2 (3iEE 0.05) HE Aoz yehdon, 50d Ujo) Az
Fol AETe] JFY (FhFE 0.05)00 Sojrte Aoz #4

A tH(Figure 10). o1 AAz] Z$d sjA =5 e uist

(SRR =4

=
-

VEe & T AUk o]} g A2 A A )
Ao A Fg=Al=7} s Aok 49 TP A& ol B
o 4l JgFL 2% YT Aot Y G A
ARl W HEF AdH, BA g sy 8
A A3+ Figure 113} 7+

dge vAz

g

o 2 o

* o

1 o

=3

HErols Molzy

28] AlAE SR/ 0]

SUEH2Y 29| LPG 47371219 BA& slakard,
FUSHoz RE BASARY 22 ANy, 57
HEE Bolsje] 2 $9F 2 439 924 L DT )
olAe] s A HESNYG RIS 2YE w3
Eul AHgE 23 9 Dy S4L Z2d 4YFE ¢



FX 2 E B3 A3t LPG AgAI-el QRS H7gujhR|elxe] A& olF dF A Aolzy HE

(EL m)
200.0
0.0F . B
ﬁ‘n . 0‘3
-200.0 1
~400.0 a) 1 year ]
2000.0 15000 1600.0 06,0 0.0 (m)

Concentration (%): 5 15

35 45 55 65 75 85 95
(EL m)

200.0

0.0F

—

oo:da
-200.07

~400.0}

b) 10 years ]

20000 75000 1000.0 306.0

0.0 (tm}

(EL m)
200.0

0.0F

80+00D

-200.01

4000+ ¢) 30 years

2000.0 15600

1000.0 3000 0.0 {m)

(EL m)
200.0 —

0.0F

-200.0

-400.0 d) 50 years |

2000.0 1500.0 1000.0 500.0 0.0 {m)

Figure 10. The leachate transport from the landfill (330 m).
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Figure 11.

The relative concentration change according to the
landfill location.

Table 3. The transmissivity of fractures

B2ERY H#(m’/sec) X ZHaHm’/sec)
Log Normal 5.71x 107 1.11x10°

Table 4. The orientaton and intensity of fractures
Pole

Fisher Py,

B Trend (°) Plunge (°) +¥X (m’/m’) e
1 305.0 15.0 15.0 0.072 a4
2 235.0 10.0 15.0 0.072 ¢z
3 340.0 70.0 15.0 0.036 n)&

Table 5. The characteristic of fractures in fault zone

B A (m? /sec)
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Figure 12. The geometry of inner and outer boundary, fracture
zone and vertical water curtain.

Table 6. The inner-outer boundary conditions

AR (m HFEE(©
2w F ¥ (m) H3H(%) AAZA
x y z Trend Plunge
4BAA 0 0 95 0 0 No Flow
A¥zE 0 110 -130 0 0 Const. Head : -80 m
)
=8 iy 0 -110 29 0 0 Const. Head : 30 m
A
Al Water ~ 270 20 Const. Head : 40 m
Curtain

Hoad [y

E388k885°588s

Figure 13. Distribution of hydraulic potential of 3D discrete frac-
ture model.
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Figure 14. Solute transport after vertical water curtain installation.

Table 7. The water curtain efficiency

Fa
T 2 F&(m)
F(m)  FFm)
10.00 30.0 1.3
2= Z Yol 40.0 1.5
sHU7t 9g A 300 20
20.0
40.0 5.2
30.0 0.2
e 10.0
FAE el 400 0.3
a7t ANE
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Figure 15. Water curtain efficiency according to the permeability.
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Figure 16. Solute transport after grouting and leachate pumping
well installation around the landfill.
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