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Effects of bubble wall on migration of representative VOCs through clay liners of landfill’/ZHANG Huijie, WU
Bingging, XU Haixia( Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212013, China)

Abstract: To improve the performance of a clay liner in blocking the volatile organic contaminants ( VOCs) at the bottom of
a landfill, a mathematical model intended to study the migration of VOCs through the clay liner with bubbles was
established based on the convection-diffusion-adsorption mechanism. Other mechanisms, including consolidation deformation
of the clay liner with disconnected bubbles, intrinsic biodegradation of VOCs, and transferring of VOCs between the liquid
and solid phases, were integrated in the newly proposed model. Using an actual project as an example, the mathematical
model was solved with a finite element software for multiple physical fields, and the transfer and transformation of
representative VOCs through the clay liner were investigated. The results show that the retardation effect of vapor formed by
the trapped bubbles can impede the break of typical VOCs through the clay liner to some extent. In particular, when the gas
in the bubbles is oxygen, significant intrinsic biodegradation of VOCs due to the presence of oxygen can efficiently block the
VOCs, and the bubble wall layer is relatively thin under common concentration conditions of pollutants in landfills.

Key words: volatile organic contaminants; clay liner; trapped gas bubbles; intrinsic biodegradation; vapor retardation

Bl 43R 28 T 119 i Je RNl iy Ak sk AR b,
AR S 3 7 e 7 AN W, HL 3 ) BR B 05
RO AR Z NG WA, TR IR
YR S AR B AL B Ty (B SR R rh S g
YIa 7 A W8 U TP 5 A BLTS G W) (volatile
organic contaminants, VOCs ) FEEET X
SR L7 JE L K B e s g0 B
BB bR B+ TR ARE B 0 R S+
(CCL) A TH £ (GCL)™, Mo i T
B 7 AR LA Rt Ao 48 rh 5 G i) — 2 HE
TSR A5 TR (4 A BT A ) A X
HIZ ) AN [ 97 12 T A2 B R 75 e itk e i i
VIR RS Q) — B iEs 2 Lt 2, ot

R AT,

WH THUR, B S E 2 AL T
S EAE AR 7R A AR FDIR S 6 4 e 40 R 5
TR MR KA B 9 Sl R A S R R A B T S AR
SAERE A b R A A A G AT 1997
4 Fry O RIS T 3 MOy RAERLIE PSR
S HEEEASRE A SRR AR 3 A
HEAE (H,0,) KW, fERLAD 9 i A H,0, K
VT LA AR S AE LR P IR L BGA B 17 % ~
55% . JIMIAATE I IR B E RBUR/D, dE
i FHLAS S e 9550 . Marinas %5 BF5E B0, +3%
Hh IR B A0 R ™ 5 T F LB A H XS I A 28 11
M 7 5 FL BRI 14 725 A 32 52 i FL B /K 1 37 3h A

FATUH  E R A RRRE R4 (51308259) s VLIRS mi i A ARFHF#AF 580 H (13KIB610004 ) s VEFR R 2= R A A K42 (14]DG023)
EHEFIN RS (1980—) , B fl#HZ, it FENHB R N2 585+ TS, E-mail ; frank071 @ 163. com
KA K, A ,2016,36(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn <75 -



s D0 R 11 s 113 eve < N = I 1B N A
e, b T2 FLBUK s A28k i rp 1y 1 P
W7 AR s AK

Zhang &S T VOCs ¥ 57 0 1 R0 R 52 58h
At E R I R A ] TR, SR PR R A
PUT B0 R A IE X VOCs iR B2 R T %
BRI LR MRS 8 8§ IR O AR
PR R ) 28 B B8 R RS S i 2, 7 e 3]
A RAS T B R 2015 4R, Zhang % 7E |
BRI RV T I AT R VOCs 1 B 4% & A
SIETIE W1 28 R BE T (vapor retardation ) X VOCs
RSS2 | K BRI S RE A A2 BHL RS Tk g b g
JKPE VOCs f et , (HXF 27K M VOCs it 4 2 i i
SEIF RSO AN, R EsF SR n 485 | /b e A Ak
FREZEAEXS VOCs 1Y LA, ol DL 220

BRATR IR B MR A, VOCs TEZE 1 iy
i A% R Akt 23 2 B R 00 5% Y Fan
SV SRR ST 200 AXFRAN B | ERE B AN EL IR A7 TE
TR L, A R A AN I, L ) 2
VOCs 7] LUK A A E R, B A A= P B (intrinsic
biodegradation) , de Vaull"' W52 B LS E S+
B IR BOKF- = T 4% I e DL 4ESy A
H:YIA# . Laubacher 5% BIF5E 48 H LA SRl T
05 -3 b 2R 2R Wk B A SR B T e T AR
R A A YR A5 R B UIR G

EFTETT AT IR L 48 7R B R E I
JEEJZ R AT R ARG, JF I 5T AR 2 1 ]
A PR 5 ALY VOCs( 5 LE (DCM) |
1,2- "5/ LKE(DCA) =5 LN (TCE) (FRFIHA)
TR AL SZ I | JF 0 R RS 7E b I E T )
AT Eh S R AT

1 s

1.1 #SERRIE

TER B A R Z2 AL B b X i Ay HioE
R R AR, B S I AEM A,
FLBRAKFEA SBT3 sh e AR 1 I 75 Bl #8231 fH
BB 1) o SRR AL BUK T B HE AT LTS G
A THINS R A AT HE AR b, 5 5d
PEFFSEHEAT , BRI FLBR K A 75 Je e i Fn < A
(75 B Bk B —E R P HRIRES . ROSGEAE L
JZ R EE AN BN, eSO B AT AR IR B 5 Y BT
CEAINE SRR (AR

TERE ST R TII  SR VI R, A 3+
b J= AT A A BTG e W S Ak T DL e JEE UK
- A - AL BB Z A AR AR

FLEE

BB b A

E1 ABMRETESEFHTTHsRmaEn
TALBRAK AR I A ey, B8 rh Z0 oK S B IR 2
TR, RS S+ BB B AR, e T G
Py 0 W B N e R T B AT SR R R 2 A
AERY R UL SRR (13 ]
1.2 #EERRK

% 18I AR WL AR TR AN Ao 2 [ 455 S Y
FLBRAK TS A I ML R L U XS Gk )
VA5 T T 75 9 IOEL 435 R0 o8 i 2 17 ), 8% £ k2
VOCs %5 5015 5 5 18 AL 1) — AR BCAARE R oy

d
[(1=n)pKy + (1 =S)nH +Sn] 5=

0 ap, & 0 2
SiD, S5 o L0 5 T
0z p.g 0z 0Oz 0z dzot
K 9dp, au}
— T _[(1- K, +Sn] =} -
pog 9 [(1 -n)p.K, +Sn] o
H(L=5)(1=np) 2% 1 a] g (1)
r 07 9zot

A g AIEALBR A p, Ny WKLY E K, TS
P BREL S, ALK BRI s H i e is
YW e i I 27 R R B ) NI YW I R
TR RE s D, DR R B o, AN TRHER
B K B3 R B p, NALBRKWIIG R L s p, Sl
BKIETT sng HRIIRALERA A S ST A
KR g E I IINGEE 0 W] 52 IR su
TN

VOCs 1 [ fife 72 AR WF 5% b R ] — B A5 200 ok
ik,

S.n

Vg Ce (2)
K se, RGP TEAE AR BE &, 24 VOCs
TERIR IR P i — YRR R, TR Y,
— B R AN A 4B R A T 2

o 2R 1 [ 45 AT DLHIFLIR K BT ~p 4E 5 2 5 2 4L
I Bish s E R ORERR

dp Pu 1 a( ap)
Sy T _ L O 0P 3
MBS a0 T p g 05\ K, (3)

Ae, =k

2(1 - v) o'u _9p.

G(l —2V) 8z2 B 0z

(4)

- 76 - KA K, A ,2016,36(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



X B N ALBRH AR R0 R K v AR L 6 O 1
By IR

B U R op B AR AL B R B R A
JE I S TRIN, ATFkoy

n=n0+(1—n0)g—z (5)
K ny AWEFLIR R,
N Cre e T DT e eIl
K=KS! (6)

AP K, WA P B8 R o RAREL N
TR o IEHEY 2. 68 ~2. 7817

2 KBS

2.1 [EFE#R

B R SR B AR RS EE B E
WE RS (PLCS) TR RS+ )2 & F iy
TRBIERWEE R S5 (SLCS) 4H (Bl 2) . EH 1 m
JEE PR S - B8 2 AT 43 AT, 8 1 A B il ) D a5 A7
TR LJZTER, LAml TR IE,

0 Bk )2
BISHOEE RS
< + T
e JESEEE L2
RBIEROBSE R 4

2 WIREBELH T ESHEMERGTERE
1 R 7 3% SFCHE A 3 SR R B3k B A R BR A
TEFE Ao J= U I e B A AN K 1 £ TR, LB K
TN E A

K 9p.(0,1)
(I(O,t)z_@ 9z =0 (7)
2(1 —=v) du(0,t) _
CO ) e ==Q(t) +p.  (8)
2 Q BRI T

VOCs W OAE - T, 46 T 69 1
R BT HEEy
07 == p, 0 ()
S0, ok TR ISR 00, SRR
BRI T IO B o TR s,
WA
b TR ST 5RO
f(0*,t) == nD %(O+ ,t)
0z

b D KT WAL

(10)

KA Kb A R 2016,36(6)  Tel 025 - 83786335

JO7,0) 5 (07 ,0) BEZAHAE, BT LA

ac, D,

D,
a(oat>

T (0", ) kD"
(11)
PR R S 286 - SRS 5 Uk B B WU AE R G AHGE
Jie VARS8 A A L B 7K s 7 A 0K A5, 5 I AN AR
TG YR BERAE 2 J
p.(L,t)=0
u(L,t)=0
%(L,t) =0
L LoRESF 2R,
WIEIRE T, AN £ 2 LUK E S+
WAL RS TS G ik B S 2 D
{pe(Z,O) =0
¢(z,0)=0
KHZ WA A Rt COMSOL K fig
VOCs {5 W i 2 (1) #2457 FE(3) (4)
ML F S5 # (7)) ~ (13) ,fLBRE B &
FR AR Al PR P B R BE R K . ARG
25 [B) BRI, (5 P A 45 44 AL RS B H 26 PE o, B
K2R HIT RS 1 em, HAER T A IEF TN, n
FEHIE ) e KSF R 0,01 em, I JR] 25 K% E N
0.01 a, FEEUE IR & B B WOy ¥ REAS (RAIE
THRLE R BIRE
2.2 BHIEE
TR I 3 SELH 5 R ) 5 i 28 R e P 82, 7R
K 200 kPa/a, AR 1 =2 a, HAWSEUE R . - T4
JEREE h=1.5mm,VOCs £+ TP Y BA B D, =
Lem?/a, R LU G=1 MPa, i 1B iE R
BK=10"m/s, B L WILRFLBR S ny =0. 4, T F7 Jink
J g=9.8m/s”  FLBR/K WA HE p, =1000 kg/m’ , +
Wk B p, =2600 kg/m” 15+ TR T0HR 5 Y ) Jo
BRI ¢, THAE N 10mg/L, 7EMFIE R 0. 8 (42
o B 4 g R RIR B K 4 5. 7% , KT
4% , HASE VOCs WA I fh4 B v 50m, /AT
DARE fif 18 mg/L Jot & Vi B2 /K ~F- 19 28 ( BR BT IR B2 Oy
20°C) o FITLAST RIAS S5 M 15 YL i) i I vk
H10 mg/L FYTEIL , R AL , — B R
AR by I L 5 FP B A VOCs DCM, DCA |
TCE 7K ( benzene ) HI H1 2% (toluene ) A 15 Z AH LA,
WA — 2 L 7E DI R TR A —
SERYTRPE HARRAE SR 1, Hodh 4 i &R AOR
P R FORIE TR RN A 5 A 2R 2 AR AR B
] DAY P S0 8, S0 4 B 5 B0, 7 FH A 81 v 1 P S
BB EAE—E IR B TIRE S R AR

E-mail ;jz@ hhu. edu. cn hitp : //www. hehaigikan. cn <77 -

e (0.0) =
0. 00

(12)

(13)



F1 5FEE VOCs B ESH

w1 wieoae wnes (PIEI 0 BRERS g
DCM 84.93 13.0 ~19.4 60 0. 11 1.26 0.3

DCA 98. 96 8.0~8.3 9 0.04 1.08 0.3

TCE 131. 39 L1~1.5 10 0.41 0.99 0.9

S 78.11 1.7~1.8 16 0.30 1.16 0.192® 1.2@
GRS 92. 14 0.5~0.6 4 0.30 0.97 0.136% 0.9?

T OB [ 96 T HE LM 22 3002 7 ( Madison ) 9 — R30S 200 s @8R B ISk — A e T KA Z R0 @Al

BURASK [T 3CHR[27]
() pH {H, Chapelle %> I\ 2 Ji 92 & + L 4% /b
(<0. 05 pm) A RLALEREEARAR g i B b B2 A1 T A
H: WIRE A 3 ; Wiedemeier 55 R 5T & R, 15 Y I 15
WIEZHT i — B B R b, EAER)ZE IR
252 5| 4 RS ; Hrapovie 252 70156 b & 91, 1
Herb A AP R T 5 kM NR R i — B B vy %
S0.0192 07" I (BBl A 4 A A — i
IR 1 AR AR 2 £ SRR R Y 1/10 000,
2.3 EHLER5ITiE

K VOCs ZE B4 H A st 1] SRy 46 b ok Ay i fef 3
BB aCR . ZEads i a) e SOk Y 2 I 5 Y s
W ¢ IRBIHE— AP CHICH + TR TR B ¢, 1Y
1/10) Fris 2 mtal . 8 3 ~5 HAFERZMT,
5 FhHLIIVOCs T84 YRR B ¥R BE B B] i AR 1L

— DCM(S1,=0.8)
027 « DCM(S0=1.0)
-~ DCA(S:=0.8)
* DCA(Sr=1.0)
-~ TCE(S$:0=0.8)
* TCE(Sw=1.0) .

1 2 3 4 5 6 7 8 9 10
N REPEY

B3 AREMVBIENE S, DCM,DCA,TCE
ERESEHERERIIZN

02 _/fit\:(Sr():()B,kl:O ) .."
o K (Sr0=1.0,k=0) o

- #(810=0.8, k1=1.2x10*h") Z

© 1 (S10=0.8, k=0 )

2 (Sr=1.0, k=0 )

o
K
0
o
o
0
0
o®
o v
0 2
° P
o
0
o
o
0
of
0
0

cley
(=}
H
*
gl
i
<
&
Ko
I
o
O
X
[}
A
=
"

o
0
0
0
0
0
0
0
0
0
0
0 P
0
e”"
0
s
o6
®
o®
08
2ol

---------------

B4 ZHEMEFFETEYEREANE,
REEHERERNEIE
Bl 3 A S A R U, AN R - Y [
AR DCM  DCA [ TCE 3 F#L7 VOCs 7£ 4]
URIRANEE 43 5 0.8 AT 1. 0 B W f5 5 AR b b7 . il
Bl 3 AT, Je S (R AR RN BE /N T 1.0) RUAE
- 78 - KA K A3 R ,2016,36(6)

—AR(FE25em) - FOR(HE25 em)
0.20 — R (BEE50cm ) °q3/fl§(1?¥11%—i590m)
P
<010
0.05

0 ,.5 10 15 20 25 30
el /a
E5 FRSAEEENE AEE
RESPEMB R R EREI 00
FEREAELE 15 Y ) 1 55355 , 5 Z FT Zhang 251" (U5
—3, FEARANEE Ao B R BCH R, DCM 1 = R R 2L
It DCA K 1 A (B HUREUNT DCA (EAh 9440
TRl—A~ 4% ) BF, DCM 7E 4 23RS A ¥k B2 L DCA
Ko XU HICER BOR 25 37 5] 1] 79 52 e 2 1 28 V3 BH
RN WIS, TCE 5 H At W R B AR LA HOR 53
E R BB N BB, S R 80E DCM 1Y
445 B I R A SRR O L, e <
JIT 53 R P 25 T LI A0 ot BRI A3 R A S i L
HE— 25 G A 2R RS e ), 7R U i
FIEE 0.8 F1 1. 0 MG O T A% [EREAR , DL S AEWT R
TURIRE 0. 8 B 25 P e S0 S i 5 A [ A A= )
Rfi 25 RN 4 Frs . B 4 a]n REAS S pE R
fifAE ) TE S SRR BRI RS 0. 8 B, e <)
FEAEXS R AN 2R B AL A I s e E T, 5 181 3
ISR —3, M R, RS R B4
AR, 0TS Gl A AT 2 R ) AR R U B S (R T
0. 1, R ILRER B BH 1L T5 P P T8
7 3 S Bt T AR v T A AT BEAE T2
Ji% )2 Bk, e it K BRAAAE TRy 3 IX 8k, 440 <
i, B B DA JZ e R B S BOR TR
WLHEEERE 435K 25 em F1 50 em B4 FH A AR 6+
P2 B AR Ak, H B 5 W], A e B
K075 G g BEL SV FH A i Bl 2 A R R
1) 1A A= B Ao i /s 22 )2 = SN 9 1/10000,
MRS EERE IR F 50 em B R DL 4R RS 350 1)
15 YRR R B AN A R TR VR B A 1/10
BARAER L2 T L2 kb 5 E—J2 0.5 m JB
A AR B A TR 0.25 ~0.75 m

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn



Z I8, 6 IR R A R 0. 8 I, SR AR LI
F A 1a.5a.30a FAHXTHRE 24, K 6 Al
H,e=5a Fl t=30 a 175 YL FE W IR B 1) 43 A ith 4%
A, RIMREEESS 5 AR I EA A 2R ; 76 R b
() 2308 AR B B 2RIk F 1710, 7T LAACH 0. 5m
JELA S I S i B 2 AT SRR T AR A 25

1.07
N —1=1a
AOAS ) e 1=5a
= 1=30a

0 0.1 02 03 04 05 06 0.7 08 09 1.0
A /m

Bo EERNERELAKREKTFE
i#

a. A[RIBE Lt AT 2 FL B K 1 40 4h 10 R0 X5 Y
WIHER] 5wl 1 B 4% fai it B2 A 52 e, BN 2% )&
VOCs [ A= 9 5 ik, =010 1 A7 78 0 1 LRSS
YITEART TR0 2535 |

b. 15 Y ITE SRS+ L AR A R
- A B W BFE T VOCs A BELWT A FH Eb e S 3 i 51
AL () ZE R S T A5 R B B

c. HPiBergh ] ARSI, BTG | & 1
A YR fRAE R AT DA S iRl 2 Y VOCs, #7
FE S5 B Az W B A S I 238 Sk 22 J2% - S Bk i %
1 1/10 000,50 cm JE Y85 m] {1 ICHR 25385 15 4
PIARRTR EEAE 1/10 LAY, 22 BH SO M0 035 78 i3
BRI RA P R 7 T ELAT T R A R FH RS

SE

[ 1 JAHMED F N, LAN C Q. Treatment of landfill leachate
using membrane bioreactors; a review[ J ]. Desalination,
2012,287 . 41-54.

SRHOE , Fa A, X Se A AR TER BRI 4 T K5
Qe AR LA [ T]. K BEI RS, 2009,25 (4) :28-30.
(GUO Minli, WANG Jinsheng, LIU Licai. Comparison of

groundwater pollution

3 &

(2]

control technology in Informal
landfill [ J]. Water Resources Protection,2009,25 (4):
28-30. (in Chinese) )

Uk BRSO A A I BRI X i R K
75 R 5E [ 1], K BETAR T, 2009, 25 (5) - 61-64.
(GAO Honggiang, FAN Yanen, DING Wenping, et al.

[3

[

Groundwater pollution in the domestic waste landfill site
[J]. Water Resources Protection,2009,25 (5): 61-64.
(in Chinese) )

[ 4] XU4rEk. HDPE 4 TR AE S B R g v g I [ 7K
FK HL BB E 2009, 29 (1 1] 1) :199-202. ( CHEN

KA Kb A R 2016,36(6)  Tel 025 - 83786335

Haowu. Application of HDPE geomembrane in the landfill

[J]. Advances in Science and Technology of Water

Resources ,2009,29 (Supl) : 199-202. (in Chinese) )
[ 5] RhBEY Aefm w2, 45 BRI B R R 559008 i
PERERWETE [T ], W R 274l (A AR BR R 2001,
29( 3] 1) :135-138. (LU Xiaoping,ZHU Jungao, YAN
Yun, et al. Permeability experiments of municipal solid
waste in landfill [ J]. Journal of Hohai University ( Natural
Sciences) ,2001,29 (Supl) : 135-138. (in Chinese) )
Wiz B, ST AT, 5. SRR v s e i — 4k L
fdi i [J]. 4+ TR %4, 2006,28 (4) : 521-524.
(CHEN Yunmin, XIE Haijian, KE Han, et al. Analytical

solution of contaminant through multi-layered soils [ J ].

[6]

Chinese Journal of Geotechnical Engineering, 2006, 28
(4):521-524. (iin Chinese) )

X ok F, Bk, 4. B AFP S ICE T8
IEB AR [ ], 38 R e (A SRR RR)
2004 ,44(12) . 1684-1687. (LIU Jianguo,NIE Yongfeng,
WANG Hongtao, et al. Leachate and contaminant leakage

(7]

in various types of landfill liners[ J]. Journal of Tsinghua
University ( Science and Technology ) , 2004, 44 (12) .
1684-1687. (in Chinese) )
[ 8 ] FITYUS S G,SMITH D W, BOOKER J R. Contaminant
transport through an unsaturated soil liner beneath a
landfill[ J]. Canadian Geotechnical Journal ,1999,36(2) .
330-354.
MARINAS M, ROY J W, SMITH J E. Changes in
entrapped gas content and hydraulic conductivity with
pressure[ J]. Ground Water,2013,51(1) ; 41-50.
FRY V A,SELKER J S, GORELICK S M. Experimental

investigations for trapping oxygen gas in saturated porous

(9]

(10]

media for in situ bioremediation [ J ]. Water Resources
Research,1997,33(12) : 2687-2696.
ZHANG H J,JENG D S,SEYMOUR B R, et al. Solute

transport in partially-saturated deformable porous media;

[11]

application to a landfill clay liner[ J]. Advances in Water
Resources ,2012,40. 1-10.
[12] ZHANG H J,JENG D S, BARRY D A, et al. Solute
transport in nearly saturated porous media under landfill
clay liners: a finite deformation approach[ J]. Journal of
Hydrology,2013,479; 189-199.
ZHANG H J, JENG D S, XU H. Migration of volatile
organic contaminations through a deformable clay liner:
Effects of occluded gas bubbles[ J]. Water, Air, and Soil
Pollution,2015,226(5) : 1-10.
TRILAR AR, A D5 45, 25 BRI A8 R 805 e
YL R R R ()] 1R 2 )5 TR 4R, 2014, 10
(6): 1257-1259. ( XU Jiangwei, YU Chuang, FANG

Dongfang, et al. An analytical solution for transport of

[13]

[14]

contaminant with variable diffusion coefficient considering

degradation [ J ]. Chinese Journal of Underground Space

and Engineering, 2014, 10 ( 6 ). 1257-1259. ( in
Chinese) ) ( TH#HE8 R )
E-mail ;jz@ hhu. edu. cn hitp : //www. hehaigikan. cn - 79 -



[4

[

(5]

[6]

(7]

development in our country[ J]. Advances in Science and
Technology of Water Resources, 2008, 28 ( Supl ). 164-
167. (in Chinese) )

SRIRAL AR, HLRTOR. IR T AL L IR A B PR
PSP AT T 1. T R 22 4 ( H AR BRIl |, 2000, 28
(5) :34-37. (ZHANG Liaojun,FU Zuoxin,NIU Xinqiang.
Free vibration characteristics analysis of the head-bay of
the three gorges ship lift[ J]. Journal of Hohai University
(Natural Sciences) ,2000,28(5) :34-37. (in Chinese) )
fi g, 2= R 2. 7K K L st THIT LS RS54 Bl 1 X5 ok
FELHEAE A [ I ] 3 R 27 4l ( H AR B2 i)
2005,33(6) :642-645. (HE Heng, LI Tongchun. Dynamic
test research and numerical analysis on tower structure of
ship lift for Shuikou Hydropower Station[ J]. Journal of
Hohai University ( Natural Sciences) ,2005,33(6) ;642-
645. (in Chinese) )

THE2r TS Ve L B AR BE R A H T
FHIL L I 1 A5 M BE A T S [ D). AR A K L B i R
2014,34 (3):65-69. ( MA Yacen, WANG Jiwei, LENG
Fei. Determination of structural reinforcement schemes for
upper lock head of a ship lift made of RCC and normal
concrete [ J ]. Advances in Science and Technology of
Water Resources,2014,34(3) :65-69. (in Chinese) )

TG e S KA. =R AR AR IE Hh R 4R . =0k

(8]

(9]

[10]

[11]

[12]

[13]

THASHLRIEASL B0 1 8 [ R K. V4 R A3l K2,
1994.
AT, W THIT LA SRR R T ST [ D] 5
DL AR R ,2005.
BOUW B = AR 4. Sk stz Oy sCTHIT L B
ERPEZS AT (D] T R Al ( H AR R
2008,36(4) :505-510. (HUANG Guangming, LING Yun,
ZHU Guojin. Behavior analysis of tower structure of
hydraulic ship liftfor Jinghong Hydropower Station [ J].
Journal of Hohai University ( Natural Sciences) ,2008,36
(4) :505-510. (in Chinese) )
MURAKAMI S. Current status and future trends in
computational wind engineering [ J ]. Journal of Wind
Engineering and Industrial Aerodynamies,1997,67/68:3-
34.
Y. (R 2 AL R DR MR- R R P XU 7 4
BEULD]. PFF LR R, 2007,
R b 75 T8 UL 181 R 5 14 e B 45 4 0 KURR (A 4
[D]. ¥FH: IHAR K%, 2011.
RICHARD P J,HOXEY R P. Wind pressures on a 6 m
cube [ J]. Journal of Wind Engineering and Industrial
Aerodynamics,2001,89:1553-1564.

KR A8 .2015-09 - 17 Sk fgskot)

(LBEBF 79 W)

[15]

[16]

BRAE AR W 58, 07 25 K. S 3 o AR R S L 0T
BETHE T [ D] 09 R~ 2 4 ( AL AR B2 1) , 2006,
34(6):680-682. (CHEN Jidong, SHI Jianyong, FANG
Yunfei. Analysis of the garbage soil degradation rule and
landfill settlement [ J ]. Journal of Hohai University
(' Natural Sciences ), 2006, 34 (6 ). 680-682.
Chinese) )

FAN C Y,KRISHNAMURTHY S. Enzymes for enhancing

bioremediation of petroleum-contaminated soils; a brief

(in

review [ J ]. Journal of the Air & Waste Management
Association, 1995 ,45(6) . 453-460.

[17] de VAULL G. Biological and other loss mechanisms

[18]

[19]

[20]

associated with gasoline volatilization from in situ soils
[ C ]//Proceedings of 1997 petroleum environmental
research forum ( PERF ) workshop. Brea, California;
Unocal and Lawrence Berkeley National Lab,1997.
LAUBACHER R,BARTHOLOMAE P,VELASCO P, et al.
An evaluation of the vapor profile in the vadose zone above
a gasoline plume [ C]//REISINGER H J. Proceedings of
1997 petroleum hydrocarbon and organic chemicals in
ground water. Houston; National Ground Water Association
and American Petroleum Institute,1997; 396-409.

FRY V A,ISTOK J D,SEMPRINI L, et al. Retardation of
dissolved oxygen due to a trapped gas phase in porous
media[ J]. Ground Water,1995,33(3) : 391-391.

HERS I, ATWATER J, LI L, et al. Evaluation of vadose

zone biodegradation of BTX wvapours [ J |. Journal of

KA Kb A R ,2016,36(6)

(21]

(22]

(23]

(24]

[25]

[26]

(27]

Contaminant Hydrology,2000,46(3/4) ; 233-264.
ANDERSON A N,MCBRATNEY A B, FITZPATRICK E
A. Soil mass, surface, and spectral fractal dimensions
estimated from thin section photographs[ J]. Soil Science
Society of America Journal ,1996,60(4) : 962-969.
OMAN C B, JUNESTEDT C. Chemical characterization of
landfill leachates; 400 parameters and compounds [ J].
Waste Management 2008 ,28 (10) ; 1876-1891.
CHAPELLE F H, LOVLEY D R. Rates of microbial
metabolism in deep coastal plain aquifers[ J]. Applied and
Environmental Microbiology,1990,56(6) ; 1865-1874.
WIEDEMEIER T H,SWANSON M A, WILSON J T,et al.
Approximation of biodegradation rate constants for
monoaromatic hydrocarbons ( BTEX) in ground water[ J].
Groundwater Monitoring & Remediation, 1996, 16 (3) .
186-194.

HRAPOVIC L, ROWE R K. Intrinsic degradation of
volatile fatty acids in laboratory-compacted clayey soil
[J]. Journal of Contaminant Hydrology,2002,58 (3/4) .
221-242.

PARK M G,EDIL T B,BENSON C H. Modeling volatile
organic compound transport in composite liners [ J ].
Journal  of  Geotechnical and  Geoenvironmental
Engineering,2011,138(6) : 641-657.

LAKE C,ROWE R. Volatile organic compound diffusion
and sorption coefficients for a needle-punched GCL [ J].
Geosynthetics International ,2004,11(4) . 257-272.

(ke H B .2015 - 10 - 13 dit . H52259)

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn -85 -



	2016.6.14
	1_部分75
	1_部分76
	1_部分77
	1_部分78
	1_部分79

	1_部分85

