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Advances in permeability for bentonite-based hydraulic containment barriers
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Abstract: Permeability is one of the most important engineering properties of the barriers. The permeability of the barriers is
overviewed based on literature studies. The performances of various laboratory test methods are compared, and the effects of
properties of barrier materials as well as chemical solution conditions on hydraulic conductivity of the barriers are summarized.
The results show that the accuracy of long-term performance evaluation of the barriers depends on proper selection of the test
termination criteria. Well graded in-situ soil benefits the permeability resistance of the barriers. The hydraulic conductivity
generally increases with the decrease in bentonite content in the barriers, in thickness of decreases electrical double layer of the
bentonite, increases in cation valence and cation concentration, and/or decreases in dielectric constant of the chemical solution.
The influence mechanism of prehydration of the bentonite and hydrated ionic radius on the permeability of the barriers is not
fully clear. Finally, it is suggested that further researches on interaction between bentonite-based barrier and typical
contaminant or multiple contaminant should be conducted, and applications of low-quality bentonite and/or its amended product
should be promoted in China.
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Fig. 1 Device of laboratorial permeability tests
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Table 1 Comparison between rigid-wall and flexible-wall

permeameters
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Fig. 3 Correlation between fine content and hydraulic conductivity
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Fig. 4 Effect of bentonite content on hydraulic conductivity
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Fig. 6 Effect of cation valence on hydraulic conductivity
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Fig. 7 Effect of cation concentration on hydraulic conductivity
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Fig. 8 Effect of dielectric constant on hydraulic conductivity

1.0x107°[
1.0x 104} ° . e 9
v g/z.
= 1.0x107 \ Jo2!
s * . = 0.1M, —H
g oL e1M, —#ft
S 1.0% 10 S0.1M, M
= olM, —
a@ 1.0x 1077 géﬁl%'”' @
R v 0. s T
B ox108) o1M, —ft
%\ \. vO1lM, :ﬁr
1M, —
1.0x 10} *01M, =
1.0x107° At =

02 03 04 0.5 0.6 0.7 0.8 09 1.0
KR mm

9 BT KULFEEZERUXER
Fig. 9 Effect of hydrated ionic size on hydraulic conductivity

3.5 pH{E

FRFE SCHR[19], FLBRIE pH 52 m il R e Yok
SLOT AR, GRS DUR AR, W pH
TR IR i Ok 2 T RS ) HR S L B B
Hh, AR HLAr G 00, SORETA) R 14K . pH %t b B
MORRS BRI W B 10 Fi7s - Scalia 251 Ruhl
SEBIL)Oh SRIR B ARAE T (pH<2 X pH=13), K
BARNSIE R R, AL T 107~107 c/s 10
Fl: He pH HAMET, MEREMENSIE RE Y+
£ 107 e/s SR, IR B — e g e
Gi . Jo SEPIFIT AL R W SRR A 1 B B R A RS
BRI K CaCl WA IE T, Ca®" HAT kI
T LR EFIPBTERVER, I pH A2 {02
% RBCEW N o U BB SRR BHIPUIR i 15 12
(1) RE 7 AR LA g B B AR LT A

LOX 10741 Jo%

AN 5001 M Cacl, /

1.0x 1075

s71)

Ta 1.0x10°F

1.0x 107}

A

BERB K/ (em

1.0x1078F

®

1.0x 10}

1.0x 10710 . . . . \ \ )
0 2 4 6 8 10 12 14

10 /&% pH 5B ERYEK R

Fig. 10 Effect of penetrant pH on hydraulic conductivity

A AR ON B B A RS B R T T S
SCHRH, W R TCHIEOR 2 ol BSAE SR, T
SRR RTINS R 2 i B G ESR,
WOCHERE 18 /2 15 7T 3% M T PR B I B AT g ik — 20
Tt WAh, REmg (nMEgRE AT, H
BIRMANE A5G 2 SEbR Lot Bk # WIS
PERAY, SCRRTRIE 2 0 B V5 Res oL, Ay
WIS b 8 BE A RIS B L )5 AT 7 Bk — 20 W

4% i

CORIERE RSN RES B 100 AL B B 4 A RS IE
FACE NI BOR: AR S A0S IE R
LA A PP IO i 2 i g
KIRBIBRFVERT,  PAEFOERE & B AR LA

(A7 - PUBAT (1 B A R AT RI2E R
s bR RS E R BB L B AR R R
BEITIE AN s A TR A UK A T X8 AR
ARSI (A TUKAAE T BRI A 52— Do



W 2

W By, A5 i R R ERS B T T Sk A 215

(3) WURIH 2 A BONT S IR BE T s VA HE
BRI A28 R B EA R IR R, BT
IR pH H 538 R EA W ARG R, &
TAKACAAR AR FIHLAR AN 52 4Tt o

CANZI -+ A B B B BATE — P BAT N AR 1
TR LA, WALy e el R 5 s e nt
RS EEARL CIRID BB LR WO T P4 B 120 4
RIS RePis B P e BT B X

SE K-

(11 MRz, W5, & 6, 55 HEea - TRUTLaR ).
T ARTFE2AR, 2012, 45(4): 165 - 182. (CHEN Yun-min,
SHI Jian-yong, ZHU Wei, et al. A review of
geoenvironmental engineering[J]. China Civil Engineering
Journal, 2012, 45(4): 165 - 182. (in Chinese))

2] HEE, & K XAE, & w3 HE
T A BT TR (D). A 005, 2011, 32(1): 116 - 124.
(DU Yan-jun, JIN Fei, LIU Song-yu, et al. Review of
stabilization/solidification technique for remediation of heavy
metals contaminated lands[J]. Rock and Soil Mechanics,
2011, 32(1): 116 - 124. (in Chinese))

[3] SHARMA H D, REDDY K R. Geoenvironmental
engineering: site remediation, waste containment, and
emerging waste management technologies|[M]. New Jersey:
John Wiley & Sons, Inc., 2004.

(4] BEFe, MAEZE, JEH AR, 5. 20 HOR SR - 1 R )
Bl BB LR BRI TE )], AR RS2 (A AR B2 IR),
2014, 44(3): 650 - 654. (YANG Yu-ling, DU Yan-jun, FAN
Ri-dong, et al. Experimental study on viscosity of
soil-bentonite vertical cut-off wall backfills amended with
dispersant[J]. Journal of Southeast University (Natural
Science Edition), 2014, 44(3): 650 - 654.( in Chinese))

[5] JO H Y, KATSUMI T, BENSON C H, et al. Hydraulic
conductivity and swelling of nonprehydrated GCLs
permeated with single-species salt solutions[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2001,
127(7): 557 - 567.

[6] JO H Y, BENSON C H, SHACKELFORD C D, et al.
Long-term hydraulic conductivity of a geosynthetic clay liner
permeated with inorganic salt solutions[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2005,
131(4): 405 - 417.

[77 SHACKELFORD C D, SAMPLE-LORD K M. Hydraulic

conductivity and compatibility of bentonite for hydraulic

containment barriers[C]// Soil Behavior Fundamentals to
Innovations in Geotechnical Engineering. Olson: ASCE,
2014.

[8] KENNEY T C, VEEN W A V, SWALLOW M A, et al.

Hydraulic conductivity of compacted bentonite-sand
mixtures[J]. Canadian Geotechnical Journal, 1992, 29(3): 364
- 374.

[9] BOWDERS JR J J, DANIEL D E. Hydraulic conductivity of
compacted clay to dilute organic chemicals[J]. Journal of
Geotechnical Gngineering, 1987, 113(12): 1432 - 1448.

[10] EVANS J C. Hydraulic conductivity of vertical cutoff
walls[J]. ASTM Special Technical Publication, 1994, 1142:
79 - 94.

[11] HONG C S, SHACKELFORD C D, MALUSIS M A.
Consolidation and hydraulic conductivity of zeolite-amended
soil-bentonite backfills[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2012, 138(1): 15 - 25.

[12] BOWDERS JR J J. Discussion of “Termination criteria for
clay permeability testing[J]. Journal of Geotechnical
Engineering, 1988, 114(8): 947 - 949.

[13] MALUSIS M A, MCKEEHAN M D. Chemical compatibility
of model soil-bentonite backfill containing multiswellable
bentonite[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2013, 139(2): 189 - 198.

[14] D’APPOLONIA D J. Soil-bentonite slurry trench cutoffs[J].
Journal of the Geotechnical Engineering Division, 1980,
106(4): 399 - 417.

[15] LEE J M, SHACKELFORD C D. Impact of bentonite quality
on hydraulic conductivity of geosynthetic clay liners[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2005, 131(1): 64 - 77.

[16] GLEASON M H, DANIEL D E, EYKHOLT G R. Calcium

containment

and sodium bentonite for hydraulic

applications[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 1997, 123(5): 438 - 445.

[17] BARVENIK M J. Design options using vertical barriers
systems[C]// International Convention and Exposition,
Environmental Geotechnical Symposium. New York: ASCE,
1992.

[18] FAN R D, DU Y J, REDDY K R, et al. Compressibility and
hydraulic conductivity of clayey soil mixed with calcium
bentonite for slurry wall backfill: Initial assessment[J].
Applied Clay Science, 2014, 101: 119 - 127.

[19] MITCHELL J, SOGA K. Fundamentals of soil behavior[M].



216 P

2015 4F

Hoboken: John Wiley and Sons, Inc., 2005.

[20] SHACKELFORD C D, BENSON C H, KATSUMI T, et al.
Evaluating the hydraulic conductivity of GCLs permeated
with non-standard liquids[J]. Geotextiles and Geomembranes,
2000, 18(2): 133 - 161.

[21] RAO S N, MATHEW P K. Effects of exchangeable cations
on hydraulic conductivity of a marine clay[J]. Clays and Clay
Minerals, 1995, 43(4): 433 - 437.

[22] PETROV R J, ROWE R K. Geosynthetic clay liner
(GCL)-chemical compatibility by hydraulic conductivity
testing and factors impacting its performance[J]. Canadian
Geotechnical Journal, 1997, 34(6): 863 - 885.

[23] DANIEL D E, SHAN H Y, ANDERSON J D. Effects of
partial wetting on the performance of the bentonite
component of a geosynthetic clay liner[C]// Proceedings of
Geosynthetics. Minnesota, 1993: 1483 - 1496.

[24] KATSUMI T, ISHIMORI H, ONIKATA M, et al. Long-term
barrier performance of modified bentonite materials against
sodium and calcium permeant solutions[J]. Geotextiles and
Geomembranes, 2008, 26(1): 14 - 30.

[25] FERNANDEZ F, QUIGLEY R M. Viscosity and dielectric
constant controls on the hydraulic conductivity of clayey
soils permeated with water-soluble organics[J]. Canadian
Geotechnical Journal, 1988, 25(3): 582 - 589.

[26] PETROV R J, ROWE R K, QUIGLEY R M. Selected factors

influencing GCL hydraulic conductivity[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 1997,
123(8): 683 - 695.

[27] FERNANDEZ F, QUIGLEY R M. Hydraulic conductivity of
natural clays permeated with simple liquid hydrocarbons[J].
Canadian Geotechnical Journal, 1985, 22(2): 205 - 214.

[28] OLPHEN H. An introduction to clay colloid chemistry, for
clay technologists, geologists, and soil scientists[]M]. 2nd ed.
New York: Wiley, 1977.

291t M, 2, . WREHIEXS GCL IIKANS B

PERTREWI[]. R RAE AR (H AR ERR), 2009, 37(1): 36
- 40, 46. (XU Chao, LI Zhi-bin, GAO Yan-bin. Influence of
solution characteristics on swelling and hydraulic
performance of geosynthetic clay liner[J]. Journal of Tongji
University(Natural Science), 2009, 37(1): 36 - 40, 46. (in
Chinese))

[30] SCALIA IV J, BENSON C H, BOHNHOFF G L, et al.
Long-term hydraulic conductivity of a bentonite-polymer
composite permeated with aggressive inorganic solutions[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2013, 140(3): 1 - 13.

[31] RUHL J L, DANIEL D E. Geosynthetic clay liners permeated
with chemical solutions and leachates[J]. Journal of

Geotechnical and Geoenvironmental Engineering, 1997,

123(4): 369 - 381.

(CARICSE4gm  WIHFED



