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Kyoto University

Korea Institute of Construction Technology



DATE: 4" June, 2005
VENUE: Multimedia Lecture Hall (Building No.43-1), Seoul’ Nationa! University

08:30~09:00
09:00~09:10

09:10~10:10

10:10~10:25
10:25~11:55

Registration
Opening Remarks {(Room 401)

Junboum Park (Associate Professor, Seoul National University, Korea)

Invited Lecture (Room 401)
"Interface Shear Behavior of Landfill Composite Liners"
Krishna R. Reddy (Professor, University of IHlinois at Chicago, USA)

Teal/Coffee Break I
Session A-1: Remediation & Containment (1) (Room 403)
(Session chair: Yuzuru lto)

Deterioration of Shotcrete by Sulfate and Acid Attack
Dong-Gyou Kim, Gyu-Phil Lee and Gyu-Jin Bae

Effect of Adsorption/Desorption Phenomenon on Dissolved Substance Transport
Hiroyuki Ishimori, Takeshi Katsumi, Kenji Hatanak, and Ryoichi Fukagawa

Enhanced Prediction of Hydrocarbon Removal by Soil Flushing Method using Artificial
Neural Network {ANN} Technique
Jeehyeong Khim, Sun Mee Kim, Myeong Gi Hwang and Young Uk Kim
Hydraulic Conductivity of Soil-bentonite Wall Permeated with Various Inorganic Solutions
Masashi Kamon, Yasuhiro Ogawa, Daisaku Matsuhashi, Takeshi Katsumi, Toru Inui and
Susumu Araki
Ulirasonically Enhanced Filterability of Drainage
Hee Bum Shin, Jong Chul Park and Young Uk Kim

DISCUSSION

Session B-1: Waste Landfills & Monitoring (1) (Room 405)
(Session chair: Ha-lk Chung)

Macroscopic Evaluation on the Self-Recovering mechanism of SRSL(Self Recovering
Sustainable Liner)
Ohjung Kwon, Hyun Uk Baek, Junboum Park and Soo-Young Park
Leaching of Hexavalent Chwominm from the Soft Clay Stabilized with Cement under the
Intermittent Wetting and Drying Cendition
Masashi Kamon, Toru Inui and Yutaka Shofi
Monitoring of Soil Bentonite Wall/ Liner using Electrical Properties of Soil-Bentonite
Mixture: Bentonite Content and Permeability e
Dong-Ju Yoo, Myoung Hak Oh, Yong Sung Kim and Junboum Park
Interface Performance of Landfill Liners
Masashi Kamon, Faisal Hj Ali, Takeshi Katsumi, Tomoyuki Akai, Toru Inui, Akira
Matsumoto and Mariappan Saravanan
Experimental Study on Natural Fiber Drains
Ju Hyong Kim and Sam-Deok Cho

DISCUSSION



11:65~12:55 Lunch Time
12:55~13:50 Seoul National University Museum & Lab Tour (PRB Model Test)

13:50~15:20 Session A-2: Remediation& Containment (1I) {Room 403)
(Session chair: Takeshi Katsumi)

Applicability of Fly ash on Contaminant Barmiers
Gwanghun Lee, Dongil Myung, Seunghak Lee and Junboum Park
Microbial Community Analysis of PAHs Degradation in Soil

Yukako Kumada, Takuro Kisa, Yusuke Kuwano, Hiromoto Koshikawa FEiichi Tashiro,
Tsunetaka Yasukagawa and Yoshihisa Shimizu

Replace a Drained type NATM Tunnel with an Un-drained type

Deok-Il Hwang, Jung-Yun Kim, Ho-Kyoung Kang and Jong-Young Lee

An Experimental Study Using the Secil Seed Baek for Restoration of Natural Environment in
a Constructed Area

- Jeung-hyun Koh and Yukihiro Morimoto

Rational Surfactant Selection and Optimization of Surfactant Sclution Parameters for
Surfactant-enhanced Soil Washing (SESW) of Industrially Contaminated Soils in Korea

Dal-Heui Lee, Kyung-Yup Hwang and Ho-Wan Chang
DISCUSSION

Session B-2: Waste landfills and Monitoring (II} (Room 405)
(Session chair: Jaeyoung Kim)

Applicability of Electrical Measurements in Monitoring Adserption of Cd on Fly Ash

Yong Sung Kim, Myoung Hak Oh, Dong Ju Yoo and Junboum Park
The Damage Resistance of Triple Liner System Against the Local Pressure on the Uneven
Ground Surface in the Sea Area Landfill Site

Takeshi Satoh, Tomoyuki Akai and Masashi Kamon

Empirical Prediction for Groundwater Inflow Using the Electrical Resistivity Measurement
Jaehyeung Jeoung, Sam-Gyu Park, Yong-wan Kwon and Gyu-Jin Bae

Application of the Optimal Control Theory for Waste Stabilization in Closed System
Disposal Facilities

Masashi Kamon and Yoshikazu Otsuka

Effects of Waste Leachate and Confining Pressure on Hydraulic Conductivity of GCL
Takeshi Katsumi, Mai Torisaki, Kunihiko Yoshikawa and Ryoichi Fukagawa
Discussion

15:20~15:35 TealCoiffee Break II



15:35~17:20 Session A-3: Remediation & Containment (1) (Room 403)
(Session chair: Toru Inui)

Application of Fe-loaded Zeolite in Permeable Bariers for the Contaminated Groundwater
with Both Cd and C(VI) : a Pilot Scale Model Test

Sungsu Rhee, Seunghak Lee and Junboum Park

Improvement of Toughness of Cement Treated Clay for Bamier System by Inclusion of
Fibrous Materials

Nozomu Kotake, Masafumi Hirata, Tomoyuki Akai, Masato Yamamoto, Masahide
Ishikawa and Masashi Kamon

Distribution of Dioxins in Soil and Sediment in Lake Biwa Basin and Evaluation of
Aquatic Dioxins in Yasu River and Lake Biwa

Baek Soo Park, Keisuke Sato, Reiko Saino, Masakazu Kanematsu, Kazuhide Hayakawa,
Masafumi Nakamura and Yoshihisa Shimizu
Mechanical Properties of H-H joints in H-jointed Steel Pipe Sheet Piles

Yuuki Mitsuda, Shinya Inazumi, Makoto Kimura and Masashi Kamon
The Ageing Effect on the Removal of Cesium and Cobalt from Radioactive Soil by the
Electrokinetic Method

Gyenam Kim, Jaehyuk Hyun and Ha-Ik Chung

Hydrmulic Properties of H-H joints in H-jointed Steel Pipe Sheet Piles
Shinva Inazumi, Makoto Kimura, Yuuki Mitsuda and Masashi Kamon
DISCUSSION

Session B-3: Waste Landfills & Monitoring (I)  (Room 405)
(Session chair: Ho Young Jo)

Settlernent Analysis of Dredged and Reclaimed Soil Using Improved Hydraulic Conselidation
Test

Hyunggon Kim, Junboum Park, Ki-ho Lee and Yong Sam Kwon
Influence of Freezing Method on the Permeability of Frozen-thawed Soils

Yuzuru Ito, Masashi Kamon, Kazuto Nii and Kenji Aramoto
Geoenvironmental Characteristics of Atomizing Slag for Waste Landfill Application

Ha Ik Chung, Sang Keun Kim, Yu Jun , Won S. Chang and Jeoung S Park
Laboratory Scale Preliminary Investigations for In Situ Electrokinetic 'Remediation with
Permeable Reactive Bamnier

Halk Chung, WonSeok Chang and MyungHo Lee

Reduction of Ammonia and Hydrogen Sulfide Emissions by Stable Aqueous Foam-Microbial
Media
Seung-Ryong Lee, Joon Kyoung Han, Jooyoung Park and Kyoungphile Nam

A Case Study on Bridge Pier Scour in Fine-grained Soils
Kiseok Kwak, Hyunsuk Yoon, Ju hyung Lee, jaehyeon Park and Moonkyung Chung

DISCUSSION

17:20-17:30 Closing Remarks (Room 401)
Masashi Kamon (Professor, Kyofo University, Japan)
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DATE: 5% June, 2005
VENUE: Waste Landfill in KOREA (World Cup Park)

09:00~12:00 TECHNICAL TOUR
12:00~13:30 LUNCH

Sponsored by

- Brain Korea 21 (Research Division of Seoul National University / Hanyang
University for Social Infrasttuctire and Construction
Technology)

- HYUNDAI Engineering & Constructuon Co. LTD

- SAMSUNG Corporation

- SK Engineering & Construction




Hydraulic conductivity of soil-bentonite wall permeated with various
inorganic solutions

Masashi Kamon', Yasuhiro Ogawaz, Daisaku Matsuhashiz, Takeshi Katsumil, Toru Inui', and Susumu Araki’®

' Graduate School of Global Environmental Studies, Kyoto University, Japan
? Graduate Student, Department of Urban and Environmental Engineering, Kyoto University, Japan
IRaito Kogyo Co., Ltd., Tokyo, Japan

ABSTRACT: Construction of soil-bentonite cut-off walls is a valid method to prevent the contaminants in
soil from migrating in groundwater. In situ hydraulic performance of soil-bentonite wall is influenced by
many factors, such as the stress status, concentrations of chemicals in groundwater, accidental defects, and so
on. In this study, flexible wall permeability tests were conducted to evaluate the chemical compatibility of the
soil-bentonite in terms of the hydraulic barrier performance. Experimental results show that 1) hydraulic con-
ductivity values permeated with distilled water were lower than 1.0x107® cmy/s and 2) hydraulic conductivity
values permeated with inorganic solutions {CaCl;, MgCl,) of 0.1 and 1.0 mol/L, or seawater, against which
bentonite does not swell adequately, were only less than one oxders of magnitude higher than those permeated
with distilled water. As a conclusion, soil bentonite is enough chemically compatible for the inorganic solu-

tions.

1 INTRODUCTION

Vertical cut-off walls are constructed at contami-
nated sites to contain the contaminants and prevent
their transport in the aquifer. A hydraulic barrier
material in the cut-off wall system is required to
have a low hydraulic conductivity. Soil-bentonite
vertical cut-off walls provide extremely low hydrau-
lic conductivity values as well as sufficient deform-
ability. A new method for the soil-bentonite cut-off
wall construction has been developed recently, by
employing the TRD (Trench cutting and re-mixing
deep wall) method to construct the cut-off wall of
high homogeneity.

It is well known that the hydraulic conductivity
of soil-bentonite strongly depends on the chemical
component of the permeant, as well as the effective
consolidation pressure, because bentonite does not
swell against inorganic solutions or nonpolar liquids
(Norrish and Quirk 1954). When the soil-bentonite
is used as a cut-off wall, its chemical compatibility
should be assessed under the given conditions in the
field. This paper presents the experimental results of
permeability tests for the soil-bentonite specimens
under various confining pressures to evaluate the
effects of inorganic chemical solutions and confin-
ing pressures on the hydraulic barrier performance
of soil-bentonite.

2 EXPERIMENTAL PROCEDURE

2.1 Sample preparation

Table 1 shows the procedure of the sample prepara-
tion. Soil-bentonite specimens used in the laboratory
experiment were prepared according to the con-
struction procedure of the soil-bentonite cut-off wall
employing the TRD method, which is as follows; 1)
mix the in-situ soil with the bentonite slurry in the
trench to achieve enough fluidity, 2) add and mix
the bentonite powder in the trench. Table 2 shows
the physical propetties of the soil-bentonite mixture.

The mixture was then poured into the consolida-
tion cell of 60 mm in diameter and pre-consolidated
at the consolidation pressure, which is dependent on
the confining pressure in the permeability tests.

2.2 Permeability test

After a certain period of the pre-consolidation,
soil-bentonite specimens, having a 25 mm height
and 60 mm diameter, were subjected to the hydrau-
lic conductivity test with a flexible-wall permeame-
ter (ASTM D 5084). Confining pressure values
were 15, 30, 60, 90, 120, and 150 kPa. A hydraulic
gradient was 50-60 except the case of the confining
pressure was 15 kPa, where it was approximately 30.
The permeants were distilled water, calcium chlo-
ride (CaCl,) solutions, magnesium chloride (MgCly)



solutions, or seawater. Major component of the
seawater is shown in Table 3. CaCl; and MgCl; so-
lutions were used to investigate the effects of diva-
lent cations, which are commonly found in natural
aqueous system as well as in water discharged from
the industrial process. Concentrations of these solu-
tions were 0.1 and 1.0 mol/L.

2.3 Free swell test

Free swell tests were conducted for the bentonite
powder used in this study according to ASTM D
5890. Swelling volume of 2 g bentonite after 24
hours soaking in a certain solution was measured.

3. RESULTS AND DISCUSSIONS
3.1 Changes in hydraulic conductivity with time

Figure 1 illustrates the changes in hydraulic conduc-
tivity values with the pore volumes of flow when
the confining pressure was 30 kPa. As the permea-
tion proceeded, hydraulic conductivity values per-
meated with the distilled water continuously de-
creased, particularly at the early stage of the test.
This is possibly because the bentonite in the speci-
men could absorb the influent water with the forma-
tion of diffuse double layer and osmotic swelling
gince it did not swell fully during the
pre-consolidation. Hydraulic conductivity values
with the CaCl; and Mng solutions were stabilized
in the range of 1x107 to 3x107% cm/s, which were
higher than those with the distilled water. Although
the soil-bentonite was exposed to the distilled water
at the pre-consolidation, sodium ions included in the
bentonite were replaced with calcium or magnesium
ions as the permeation with CaCl, or MgCl, solu-
tions proceeded, and the swell characteristic of ben-
tonite changed from the osmotic swelling to the
crystalline swelling. In addition, the collapse of dif-
fuse double layer was considered to lead to the
higher hydraulic conductivity values (Katsumi,
Onikata, Hasegawa, Lin and Kamon 2001).

Figure 2 illustrates the long-term changes in hy-
draulic conductivity values of the soil-bentonite
specimens permeated with 0.1 and 1.0 mol/L. CaCl,
solutions, at the confining pressure of 30 kPa. The
cumulative flow volume was larger than 6 pore vol-
umes. Although the hydraulic conductivity values
increased or decreased slightly at the beginning of
the permeation, they were stabilized in the range of
1x107* to 3x10™ cm/s after the cumulative flow
volume exceeded 3 pore volumes. Therefore, the
soil bentonite wall can maintain its low hydraulic
conductivity in the long term against the inorganic
solutions having such high concentrations.

3.2 Effect of the confining pressure

Table 1. Materials and the procedure for the sam-
ple preparation

Material Proportion

Gravel sand 1)Mix the gravel sand and the
(wn =26 %) volcanic cohesive soil in a

Volcanic co- dry weight ratio of 25 : 4.

hesive soil

(w, =70 %)

Bentonite

Distilled water

2}Add to the soil the 10 % ben-
tonite slurry with the volume
for the flow value of the
mixture to reach 150 mm
according to the JIS R 5201
method.
3)Add and mix the powder ben-
tonite with 100 kg/m® to the
mixture.

Table 2. Basic properties of soil-bentonite

Liquid limit (%) 75.2
Plastic limit (%) 24.2
Plastic index 51.0
Particle density  (&/ em’) 2.72
Water content (%) 32.0
Grain size distribution
Gravel fraction (%) 4.1
Sand fraction (%) 51.7
Silt fraction (%) 23.3
Clay fraction (%) 20.9

Table 3. Concentrations of major cations in the
seawater used in the laboratory experiments

Na

Mg

K

Ca

Concentration

(mol/L)

0.293

0.039 | 0.089

0.015
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== water-1
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Figure 3 illustrates the hydraulic conductivity values
affected by the confining pressures, when permeated
with various solutions. Hydraulic conductivity val-
ues permeated with the distilled water were about
1x10"% cm/s, which is three orders of magnitude
lower than that for the soil sample itself (the mixture
of the gravel sand and the volcanic cohesive soil) of
1x10™ cm/s. The larger confining pressure led to
the lower hydraulic conductivity values regardless
of the types of solutions. This is probably because
the lower void ratio induced by the higher
pre-consolidation and confining pressure results in
the decreasing effective void space that allows the
water flow. Even at the lowest confining pressure of
15 kPa, the hydraulic conductivity values were ap-
proximately 1x10™® cm/s. At the confining pressure
of 150 kPa, the hydraulic conductivity values were
about one-forth as high as those at the confining
pressure of 15 kPa. The effect of inorganic solutions
on the hydraulic barrier performance was similar
regardless of the confining pressure; the hydraulic
conductivity values permeated the inorganic solu-
tions were 1 to 3 times higher than those with the
distilled water.

3.3 Effect of the concentration of the inorganic so-
lution

Figures 4 illustrate the hydraulic conductivity values
affected by the concentrations of the CaCly and
MgCl, solutions. Hydraulic conductivity values
permeated with the inorganic solutions were only
approximately twice as high as those permeated
with the distilled water. As previously noted, this is
because the osmotic swelling and diffuse double
layer were collapsed with the effect of divalent
cations (Katsumi, Benson and Kamon 2001). Com-
paring the results for 0.1 mol/L CaCl, solutions with
those for 1.0 mol/L CaCl, solutions (see Fig. 4(a)),
the hydraulic conductivity values were almost simi-
lar. From this result, it is indicated that the concen-
tration of the inorganic solution has no significant
effect on the hydraulic barrier performance of the
soil-bentonite wall when it is higher than 0.1 mol/L.
The consistent results were observed in the hydrau-
lic conductivity values permeated with MgCl, solu-
tions. Table 4 shows the results of free swell tests
for the bentonite using the permeants used in this
study. Swelling volume for 0.1 mol/L inorganic so-
lutions was almost equal to those for the .0 mol/L
solutions. In addition, the hydraulic conductivity
values for the seawater were similar to those for the
CaCly and MgCl, solutions as shown in Fig. 3;
swelling volume for the seawater was also similar to
that for the CaCl, and MgCl; solutions. From these
observations, it can be considered that the swelling
volume values of the bentonite using inorganic so-
lutions are the indices of their effects on the hydrau-
lic conductivity of the soil-bentonite.
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Table 4. Swell volume of the bentenite for the pe-
meants used in the permeability tests.

G)

(4)

©)

Swelling volume value of the bentonite using a
certain inorganic solution can be an index of its
effect on the hydraulic barrier performance of
the soil-bentonite.

Even when permeated with the high concentra-
tion of divalent solutions (1.0 mol/L) at the
lowest confining pressure of 15 kPa, the hy-
draulic conductivity value of the soil-bentonite
is lower than 1x1077 cm/s. Along with its
chemical compatibility, the soil-bentonite is
confirmed to be suitable for the barrier material
in the vertical cut-off wall system.

Hydraulic conductivity values for the CaCI%
solutions were stabilized in the range of 1x10~
to 3x10™ cm/s even when the cumulative flow
volume reached larger than 6 pore volumes.
However, in order to clarify the in-situ per-
formance of the soil-bentonite wall in the long
term, it is necessary to monitor the long-term
changes in hydraulic conductivity values in
laboratory tests.
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