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Development of a Computer Program to Estimate Landfill Liner Thickness

EES - 0|5 - HBYs

Do, Nam-Young - Lee, Seung-Rae - Jeong, Kwang-Young

Abstract

In this study, research results on organic and inorganic pollutant migration through single and compo-
site liner were summarized. On the basis of these summarized research results, a design program for
landfill liner, which can be used to optimize the liner thickness based on the allowable ground water
criteria around the landfill subsurface, was developed. A reasonable liner thickness was obtained from the
program output results, in the case of the migration of CI” ion through a single clay liner. Therefore, the

developed program could be used to carry out a preliminary design for landfill liners with respect to

organic and inorganic pollutants.

Keywords : A design program for landfill liner, Organic pollutant, Inorganic pollutant, Single and compo-
site liner
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Fig. 1. Schematic view of liner systems
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Table 1. Maximum concentration of constituents in the
uppermost aquifer at Municipal solid waste landfills
(40 CFR 258.40)

Chemical MCL(mg/1)

Arsenic 0.05
Barium 1.0

Benzene 0.005
Cadmium 0.01
Carbon tetrachloride 0.005
Chromium(hexavalent) 0.05
2,4-Dichlorophenoxyacetic acid 0.1

1,4-Dichlorobenzene 0.075
1,2-Dichloroethane 0.005
1,1-Dichloroethylene 0.007
Endrin 0.0002
Fluoride 4

Lindane 0.004
Lead 0.05
Mercury 0.002
Methoxychlor 0.1

Nitrate 10

Selenium 0.01
Silver 0.05
Toxaphene 0.005
1,1,1-Trichloromethane 0.2

Trichloroethylene 0.005
2,4,5-Trichlorophenoxyacetic acid 0.01
Vinyl chloride 0.002
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Fig. 2. Basic concept of performance-based design of
landfill liners
(Katsumi et al, 2001)
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o] 7] A,
@ = leakage rate through pinhole

p = density of liquid

g = acceleration due to gravity

h, = liquid depth above geomembrane

d = pinhole diameter

i = dynamic viscosity of the liquid

t, = geomembrane thickness

21 (DollA A& dHEer dAde A #
oA =¢] "rst o] ARgET v & 1

[e)

(hole)S &3k &2 552 Bernoullie] 29 ¢
& A (22 TdPvHKatsumi % 2001; Sharma®}t
Lewis, 1994).

Q= Cra+/2gh, (2)

1 71A,
@ = leakage rate through geomembrane hole
Cy = dimensionless coefficient which can be
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obtained empirically 9] o= oF 20~ 30Lﬂ olAto] AXA HUE= A

= 0.6 is appropriate for most geomembrane oz dHA 9, Park 5(1996)e] <A <lshd
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Ao1A 0.69] ko] AHgh Aoz HE. L= D, K, Co— Ce )
2] & Hl B 7ol ] J}J‘Oﬂ o)t 2 HER o]F(solute - t,
flux)> 2 3oz xdAFHFig. 3 =) (Katsumi &
2001). o714,
D, = diffusion coefficient for the solute in the
J, = NQc 3) geomembrane
K, = solute-geomembrane partition coefficient
o714, (dimensionless)
J, = solute flux ¢y, = concentration of the organic chemical
N = number of geomembrane holes per area above the geomembrane
¢y, = concentration of solute in the leachate ¢, = concentration of the organic chemical
above geomembrane beneath the geomembrane
A @A AemEe BASE KE 4 (52
v _Detect %8 9 HParks} Nibras, 1993).
T G » :thw
WS Geomembrane
K (MOO/MS)pgm (5)
Pervious layer 9= C,.
Q.4 o171
' ' M,, = mass of permeant sorbed at equilibrium
Fig. 3. Leakage through defects in Mg = initial mass of the geomembrane
a geomembrane(Katsumi et al., 2001) B )
pym = density of the geomembrane
C,, = concentration of permeant in contact with

g 2ol Al A== F7]8F5HE(organic comounds)

the geomembrane

Table 2. Entrance coefficients for holes through geomembranes(Foose, 1997)

Entrance coefficient,

Comment Reference
Csy
0.6 holes having sharp edges Giroud & Boneparte (1989)
0.87 results of laboratory study Gilbert & Tang (1993)
0.61 1 and 1.5mm thick geomembrane Benson et al. (1995)
0.78 2.5mm thick geomembrane Benson et al. (1995)
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Fig. 4. Schematic view of concentration profiles for organic
transport through geomembranes
(Katsumi et al., 2001)
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dc_ Do 22 _Ys bc ©)
o 7] A,
¢ = concentration of the solute in the liquid

D, = hydrodynamic dispersion coefficient in the
direction of transport
v, = seepage velocity

T a1 A Al A (retardation factor, R)E TS 2
(M= xd¥1 R=19 45 vvgAd 2dE-dola
R>19 A% we4 ededm BT

R=1+ %Kp %
o714,

p, = dry bulk density of the soil,

= porosity of the soil,
K = partitioning coefficient

3
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D)<= 7I1AA Z4HA S (mechani-
D,)¢t FEEAS

(effective diffusion coefficient, D*)¢ &o=z X
=S

on coefficient,

cal dispersion coefficient,

BEE( ) Fo2 EAATHA (10))
D'=Dyr, 9)
D,, = av, (10)

van Genuchten®} Parker(1984)¢l <]sl# wh 53k
A2~ (semi-infinite system)ol A 4] (11~13)3} %
2> AAxA 2 2721 StelA 2 (6)9 dle 2
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a

c(z,0)=0 >0 (11)
[—Dh(ac/ax)+vs]w:0+ =v¢, (12)
(ac/8x)(c0,t) =0 13)
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2(D,Rt)*
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B D DR exp| —— D, erfc 75
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PRy [erfc(zl)-i- exp(ZQ)erfc(z3)] (16)
0
7] A,

L—uvgt vpl v, L

Zl = 22 = * * 9
Dy Dy D

L+uvpt
Zg = f vp = v/ R
D, =D'/R

Fig. 5. Concept of chemical transport through clay
liner(Katsumi et al., 2001)
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Fig. 7. Conceptual diagram of simplified analysis of solute transport through composite liners(Katsumi et al.,
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(28)
(29)

= total head drop across the composite liner

= flow factor(Table 3)

>

1-D diffusion-
advection

(b) Simplified model of (a)

2001)

Table 3. Equations to calculate flow factors(Foose, 1997)

Contact condition

circular defect 7.

long defect F,

perfect contact Fo=4"
good contact F,. ,=768""
poor contact F,, =42097""

L
F, =2 78/111(1+%)

F, =645F,

w,g r

F, =1516F,

w,p

» = radius of the defect, 2
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K, = partition coefficient of the geomembrane

¢, = concentration of contaminant above the
geomembrane

¢, = concentration at the to of the soil layer

¢; = concentration at the base of the liner

t, = thickness of the geomembrane

L = thickness of the soil layer

D, = diffusion coefficient of the geomem brane

D" = effective diffusion coefficient of the soil
liner

n = porosity of the soil layer
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t,+ L
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«
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Fig. 8. Schematic view of contaminant transport of VOCs in
intact composite liners(Foose et al., 2002)
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|
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o (L=L+5) . .
ttime=t, ttime<TD

L, t, leakage, flux

Fig. 10. Flow chart for landfill liner design
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Table 4. Chemical properties used for example problem(Shackelford, 1990)

Concentration in

Chemical Drinking water D* 3
. leachate, co c/co “ R
constituents “ standard (mg/1) (m’/s)
(mg/1)

Chloride(C1™) 3484 250 0.072 4.7x10™ 1.0

Potassium(K") 501 250" 0.5 2x10” 26.7

Zinc(Zn™") 18.8 5.0 0.27 1.7x10™° 92.7

Cadmium(Cd*") 1.95 0.01 0.005 3x10™ 371

=1 From Griffin et al. (1976).

«2 From Shackelford (1988) and Shackelford et al. (1989).

*3 Based on co values, p,=1.60 g/cm? and n=0.37, and data from Shackelford (1988) and Shackelford et al. (1989).
=4 Assumed to be the same as chloride since actual value not established.
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R i=1)=10

=E£=3484,00000 ma/1
) 7| &= 250,00000 mgyl
66.00 cm

SE Tkl M= 200,00 cm
SEMSI F4-H===5,000e-003 cm/s
HE A=l A=SE0n)=0,570

FI I RHRY=1,000 |

EFMH 4:(0)=4,700e-008 cm™2/s

AzAEY2 2H ML= 0 holes/ha
AlzHEEYHC 22 BEE(= 0,000 cm
AzAEY2 ZE Zlwi= 0000 cm

0 2 2EEE=1=1

HEA SEMemy ZESE Ed AZHyn =E(l/hasyr) ZEER 0SS kashasvr)
200 35,0000 2.0971e+004 3,3984e+001
205 36,6000 2. 0845be+004 3.3193e+001
210 38,3000 2. 0724e+004 3.2541e+001
215 40,0000 2, 0605 +004 3,1873e+001

Fig. 12. Output results from the liner design program for worked example
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