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Flow equation for gas-leachate coupling effect considering
vertical wells in landfills

SHI Jianyong, ZHAO Yi, ZHOU Jidong
(Key Laboratory of Geomechanics and Embankment Engineering ( Hohai University) ,
Ministry of Education, Nanjing 210098 , China)
Abstract; In this study, the flow of gas and leachate to vertical wells in landfills was investigated. Neglecting the
flow of landfill gas and leachate in the vertical direction, and based on the degradation of organic matter, gas-
leachate constitutive relationship, and gas-leachate continuous conditions, the flow equation under the condition of
a plane axisymmetric gas-leachate coupling effect was established with gas pumping and leachate recirculation. The
analytical solution in the unsteady state of the simplified equation is presented under conditions of passive and active
extraction wells. The results show that the pore water pressure and gas pressure increased with the distance from the
extraction well. The pore water pressure dispersed as time went on, and the gas pressure increased to its peak value
initially, and then dispersed. The gas pressure that considered the gas-leachate coupling effect was relatively
higher. The coupling effect on gas pressure was reduced with the increase of gaseous permeability, and become

more significant with the increase of liquid permeability.
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Fig. 3 Variations of pore water pressure and gas pressure with different times

—— r=1000d
—e— 1=4000d

o—0

—e— t=0d —a— 1=50d
—=— =20d —— =500d
9r 10
Slo—o—o—o—+— o+ o 9
i :

< 6 <
3 4r S
3r 3
2r 2
1+ _ 1

—0—¢ . 4 . 4 hd PY
0 510 15 20 25 0
r/m
(a) fLBEUKIE S

B4 FLBKEN FLESENRE
Fig. 4 Pore water pressure and gas
AR, B SR R AR BT REAE SR 10 m AbFLBRS
JE IR AR AR iR . I S w] 2, 25 Rl A VR LB AU
JIHEEIN 1. 22 kPa, A JEHE A AE B = 2 17% ;s W6 3800 %F
B SUR SARE R R LL R, NS R E M, R TIR AR
A VRIS AR , 230 o3 HT b, ke, STARRE RO AVEH]
3.3.1 k, xABE RS 0 R
W A S AE ST e, O 0..009 ~0. 037 m/d, 544
WA ARk BUR 2.9 m/d, Yu P SHER EBCH 0.07 ~
0.22m/d, AT R £, B0, Tm/d F10. 5m/d,r L 10m,
HAZEA 3.2 75, THEZE R &l 6 s,

—= i —e— ARG

5 10 15 20 25
r/m

(b) LK UKy
HIZEAL B 2

pressure vs. r

—=— G

JEp
—— AHLE

u./kPa
S = N W ks N e O

100 200 300 400 500
t/d

Bs5 FLBRSEHAZURE

Fig. 5 Variation of gas pressure

7c 25¢
6 2.0
5

33 210
2
| 0.5
0 50 100 150 200 0

t/d
() k=0.1 m/d

Be6 k, MFBESENN

20 40 60 80
t/d
(b) k&=0.5 m/d

A1)

Fig. 6 Effect of k, on gas pressure



$a M 55 BRI U SRR G s B 319

M 6 FTLAF 224 k, =0. 1 m/d B FEAVE R AEFLERAE 13 0. 88 kPa, 24 k, =0. 5 m/d B}, ¥ & VE ]
SHFLBR R SIIEIN 0. 34 kPa, AN[A] £, N H BRI AIERS RIMFLBR T 2 5 AN &, 84K, 28R &1EH
FLBRAH 7 0 2 S B 0 ERRIO 26 S B ARTE 17 % oA s B ke, 35, FLBR S 7 W SRR AIG, s B3l - 1<
B BEMA A TR R B SUE , B 6(b) MFLBSUE T -2 TERS 4R B B T ) PR RS 3
SRR S S AR R BOE I B TR0, d7 3 2 B b 0 MR 7 T IO 5, 78 45 3 A ML e 9
AR it IS 7 1o SR R D N, <P T B B R T A A AR B B, LR I BRAIG, Bt 25 B A i3 v A
FEAE ST B3 (ST BBE A7, S 3 A b A LIS 0 T iR 5 A0 AR e 1k 8 WA oA i o JE A 18 | i
AR P A FLBR T g g T s B e (5 AR S 1, Bt v ) LI U e T e
3.3.2 k, STABAFR ¥R

Han 251 8 0 3056 45 20 57 3% 169 k, = 0. 04 ~ 0. 16 m/d, White 2570 3 1 337 [0] 9 320 56 45 2 5 3% +
k,=4.32m/d, BRFEED BB RIGSS AR b, A FIE A 0. 86 m/d, AL, =0.1 ~0.5m/d,
r=10m, HABSHEE 3. 2 7, % A VR 09 B I ARFL IR SR A8 (b n &l 7 s

MG —— FHA

101 10 -

0
9+ 9F
8t 8r
7t 7r
< 6 < 6
Z s Z sy
I 4 I 4
3 3
2 2
1F 11
0 100 200 300 400 500 07100 200 300 400 500
t/d t/d
(@) k.=0.1 m/d (b) k.=0.5 m/d

7 k, WALESENNZIE
Fig. 7 Effect of k, on gas pressure

ME 7 ATLAE 2]k, =0. 1 m/d BHE(E T BALBR SR 1A 2529 1. 2 kPa  WARXTFLBR SR I 520 2 18%
Mk, HERZ 0.5 m/d WIS B BALBR T IAHZE 2 1.7 kPa, SEMAIAE] 24% . B IRA SCBAT R AR A+
7K SOPA R BT RZE SRATS o] LU 3], 17 S AR TR A1 325 22 S5O 0 iy PR DR 2 5 35 A 1) A R B 4 v, R4
AR EEE D 15 Z R LR SR ST R

4 & &

3 3 X B AT WL R R A T BT, RS T 25 AR A A T B s B B A ) O R AL, A
FAF BRI TR AT s B IS AT AR . 2 ST AR LU AE

a. FLBR/KIEIT AL TR BORAS , S8 S-SR i A FLBR K R I I B D SLBR U T & 05 15 R, ik
P T 7 i Dol N 18 2o R FLBSR I TS 3 90 IO 28 ) B ) L 0P 0 9 e 2 P ), 228 A X LB
K F 3 BICR ma A ARBERE 5 B

b. B EM AR IS B B LB TR S B2 e 5 SUME 2 AR KOBIR R S VR RIS B S, B i R
S, FLBR SR T IE B I ] 4R, WS i R O K, 5 IR A 1 T A5 2 A LB U I (20 K R &
VEFTB 2

SR

(1] BRZETE it 58 XU AR. B DA B n Bt St T M. 2 fi. JE s s B3 Tl i iiet: 2011 :209-335.

[ 2 ] EL-FADEL M, FINGIKAKIS A N, LECKIE J O. Numerical modeling of generation and transport of gas and heat in landfills[ J].
Waste Management and Research,1996,14(5) :483-504.

[ 3 ] HETTISRACHCHI C H, MEEGODA J N, TAVANTZIS J. Numerical model to predict settlement coupled with land-fill gas
pressure in bioreactor landfills[ J]. Journal of Hazardous Materials, 2007 ,139(3) :514-522.



320

WK R (H R R R 42 6

[4]

(5]

[6

[

(7]

(8]

(9]

[10]

(11]

[12

—

[13]

[14]

[15]
[16]

[17]

SINGHAL N, ISLAM J. One-dimensional model for biogeochemical interactions and permeability reduction in soils during
leachate permeation[ J ]. Journal of Contaminant Hydrology, 2008 ,96( 1) ;32-47.

W B, A 2 RL3E . Tl AR 05 B SO [ SR — AR G5 BEEL [ )] 2 2 TR 2440, 2006,28 (2) :184-190. ( CHEN
Yunmin, XIE Yan, ZHAN Liangtong. One-dimensional consolidation model for landfills considering solid-liquid-gasinteraction
[J]. Chinese Journal of Geotechnical Engineering,2006,28(2) :184-190. (in Chinese) )

FER, FRUK INTT B A S SR B -3 R G 2 0 B F ST [ )] B 42441, 2003, 20 (2) :54-59. (XUE
Qiang, LIANG Bing, SUN Keming, et al. A gas-heat-solid coupling dynamics model for landfill gas extraction[]J]. Chinese
Journal of Applied Mechanics,2003,20(2) :54-59. (in Chinese) )

A AR, X E P B ORI I A T R B R S 0 [ 1] ORAE2% 41, 2003,26 (1) : 92-95. (PENG
Xuya,YU Yi, LIU Guotao. Gas pressure distribution in the landfill under pumping conditions [ J]. Journal of Chongqging
University ,2003,26 (1) :92-95. (in Chinese) )

LIU Xiaodong, SHI Jianyong, QIAN Xuede, et al. One-dimensional model for municipal solid waste ( MSW ) settlement
considering coupled mechanical-hydraulic-gaseous effect and concise calculation[ J]. Waste Management,2011,31 (12) ;445-
456.

YU L,BATLLE F,CARRERA J,et al. Gas flow to a vertical gas extraction well in deformable MSW landfills[ J]. Journal of
Hazardous Materials,2009,168(2) :1404-1416.

CHEN Y C,CHEN K S, WU C H. Numerical simulation of gas flow around a passive vent in a sanitary landfill[ J ]. Journal of
Hazardous Materials,2003,100(1) :39-52.

DN AR BB R SRS BRI ST [ )], BREE AL 4% 4], 2003, 23 (4) :530-534. ( PENG Xuya, YU Yi.
Experimental study on air permeability of compacted MSW by a landfilllysimeter[ J]. Acta Scientiae Circumstantiae,2003,23
(4) :530-534. (in Chinese) )

XUBRZR e B . I AR FE A K R P A 2 R [ J]. K FIK B B #E 8 2012, 32(1) ; 34-38. (LIU Xiaodong,
SHI Jingyong. Laboratory tests on hydraulic properties of municipal solid waste[ J]. Advances in Science and Technology of
Water Resources,2012, 32(1) : 34-38. (in Chinese) )

Stoltz G, Gourc J P, Oxarango L. Liquid and gas permeabilities of unsaturated municipal solid waste under compression[ J].
Journal of Contaminant Hydrology,2010,118(1) ;2742.

YOUNG A. Mathematical modeling of landfill gas extraction[ J]. Journal of Environmental division, ASCE,1989,115(6) ;:1073-
1087.

. T KRR E B AT [ M. db st B2 Rt 1990 :145-160.

HAN B, SCICCHITANO V, IMHOFF P T. Measuring fluid flow properties of waste and assessing alternative conceptual models
of pore structure[ J]. Waste Management, 2011, 31(3) ; 445-456.

WHITE J K, BEAVEN R P, POWRIE W, et al. Leachate recirculation in a landfill; Some insights obtained from the develop-
ment of a simple 1-D model[ J]. Waste Management, 2011, 31(6) . 1210-1221.



