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Hydraulic conductivity of filter cakes of polyanionic cellulose-amended bentonite
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Abstract: The incompatibility between the bentonite and inorganic solutions has adverse impact on the
impermeability of the filter cakes and backfills in soil-bentonite slurry walls. To improve the hydraulic
performance of bentonite were backfills exposed to inorganic solutions, the Polyanionic Cellulose(PAC) and
sodium activated bentonite were directly blended to produce a polymer-amended bentonite termed as PB. The
Calcium Chloride(CaCl,) solutions were selected as the test solutions, and the hydraulic conductivities of the
bentonite filter cakes to distilled water(ky) and to concentrated CaCl, solutions(k.) were measured through
modified filtrate loss tests under various applied pressures. The results indicate that the k. of PB filter cake

increases with the increase in CaCl, concentrations, whereas the filtrate loss volumes(/) of PB specimens remains
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less than the standard limits(25 mL). The hydraulic conductivity of PB is lower than that of CB in the range of

CaCl, concentration used in the study. The water contents(w) of both filter cakes decrease with the increasing of

CaCl, concentration for a given average effective pressure, which results in the decreasing in the void ratio of

filter cakes and increasing in the k. of both filter cakes. The increasing of average effective pressure can partially

counteract the adverse effect on k. caused by the increasing of CaCl, concentration. The hydraulic conductivity

ratio(k./k) of the PB filter cake is less than 10 when the CaCl, concentration is no more than 60 mM, illustrating

that the &, of PB filter cake has no significant increasing. Therefore, mixing PAC with bentonite can improve the

hydraulic performance effectively.

Key words: soil mechanics; polyanionic cellulose; bentonite; vertical cutoff walls; hydraulic conductivity;

chemical compatibility
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Table 1 Properties of bentonite used in this study

REMBEN 2% SHELETEREZL), K2 g
RAYFI100 g fZE - — RN 250 mL 1 PE A,
RIS, FHERY Smin, HEEHIEY 24 h.
L PAC BRIz A PB Ron(ILEE 1).

WP CaCly WU BAIG Yt R K. 5 Pb™,
Zn* SR, Ca¥ KA /N, S REAIE X R TR
EREE RN P, CaCLIRERUA 5, 10, 20, 40,
60 mM, R Ca® (R W E N 0~2 400 mg/L,
KRB CA®ET Y. I Du &P M E 48 e
CaCl)iRJE, Z&1H/K(distilled water, DW){E Jyx} R
Ho Z&AKIMEH TR, 28 PB-0, 5220 mM
f) CaCl, ¥ ¥A/E FIEE, iC N PB - 20, HARFEY
kg5 .

22 RWH*®

i A A 2 A e TR B kRS, R
M43 PB BEEUN 10%K}, F5 & %0 5 M Ha br
(0 ERRME, FHIRWE T S br ik 3 Fios.

R 3 PB IR HARES SLlE

Table 3 Target and measured values of slurries workability

YIRS JERIBAF/mL pH  HEREEs  HE/(geem™)
SEE 5.8 9.4 45 1.03
H bR e <25 9~11 %7 40 1.03~1.10

WA Rl MR RR o o g

fits K EE%  EE%
CB CH 100 49 2.63 10.33 269.4
PB - - - 2.60 10.12 379.2

Wi ASTMD ASTMD ASTMD ASTMD ASTMD ASTMD

Ty 2487 422 422 854 4972 4318

PTG PAC, HEH TR RIAREHA
IRAF A PAC RIS AR L R IE NI R
AKIER], PR A R K 2R P E R R, H AR
B it B AR AL (1 fRAK TR . PAC BITELRY)
HACEEFOR B U, R 2 P

®2 R REWIREAIMIE TR
Table 2 Properties of polymer used in this study
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PAC BHE T <0.151730000 3.22 35 57 126 73

¥ CB 5 PAC AT )5, FHTHA, H

ISR APT FRAEIE AN, JEARRIY K IS5
TR, I, K LI EM 2 N %)
FEL (L) 250 mL), KIEMEE S, HRERCRIER
b B 2R T AL NS Po; 3653 5
AT, REAERKIREE N 50, 100, 200, 400
1690 kPa. LK [H] ¢ NIIJER S V, 1CsKI[A][E]
R4 5 8% 7.5 min, BI8FFLE 30 min 545K, AL
PotV'-V e F&. BUH A IEDEIIELS, H+T 1R
TR LR DR TG R, R bR = R e 38
DHERE 3 Wk, BCPFIME: 2 JE0E I KER,

i g pHEE R BT T AR

kc:M:ﬂA (D)

2PAt 24%

ek, NIERAER THIIEDHSIE R V NIER
WARF(mL); ¢ AARIRFFLENT [H] (s); 4 NIEFAIPEDT
AT (m); Py NUEUEITRZ IR 77, NPT A
55D EAKEZ M(kPa), RGP, itk A
WEIMSEAE: @ A PtV -V IR (kPa - s-mL™);
PRIEDHARLS v Efl 250, 4 F e
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WK, ofEHREN.

Bl 2 NIRRT V SUEVIFTZ Pe we RFR, V
5 1gPe. ave RRUFIILIER R o Bl Pe. ove M3 K, PB
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Fig.1 Relationship between index of specimens and applies
overall pressures
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Fig.2 Relationship between filtration loss volume(¥) and

average effective pressure(Pe, aye)
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Kl 3 24 PB JEUHEIE REGIERBMRBIL R,
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Table 4 Filtration loss volume and physical properties of PB . v PB-40
et e " 0" _ & PB - 50
filter cakes under various pressures 10 SR ¥ PB - 60
- DR .v“lf;f N /J',V/" ok
WHAR  BERR/mML  HAEE G AkFE%  dlKte . W e e,
E e J“I/}I{//' ,IA A‘/ / ;
PB-0 33~7.0 2.600 323~385  8.40~10.01 2 o & .;V e
107 "F 5
PB-5 3.9~82 2.606 330~383 8.60~9.97 b
PB-10 4.2~98 2.612 315~371 8.22~9.67
PB - 20 5.9~10.2 2.617 304~353 7.96~9.23 1071 L~ . )
10 100
PB - 40 5.8~13.8 2.622 266~349 7.00~9.15
P RN TT Pe, ave/kPa
PB - 60 52~18.2 2.629 260~340 6.85~8.94 NN " N .
K4 PBIEDHSE RES FIA RN IR &R
10°%F Fig.4 The relationship between hydraulic conductivity(k.) of
filter cakes and average effective pressure(Pe, aye)
11r
ok —O—PB-0
= [ay —O—PB- 10
» v —A—PB-20
£ 10 —v—PB - 40
= $ —O—PB - 50
= ook —8— 50 kPa o —%— PB - 60
—6-100kPa -5
—A-200 kPa = 9F
—#-300 kPa = E
—&—-690 kPa o
—11 1 L L ]
10 0 5 10 15 20 8 l
JERARAR V(L) 2
K3 PBIEGHEE R B S IERBIAR R & ; , , e
Fig.3 The relationships between hydraulic conductivity(k.) of 10 100
Pe, ave/kPa

bentonite filter cake and filtration loss volume(V)
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SHBRIEIEE K, BREEyE), s T
Ca™ %t il LI A IE R B .
Kl 4 24 PB JEUHBIE RES FIIA BN 1%
Ro TEFIF(EATID)H Pe, we TEF T, PB JEWHEIE
ZHft CaCly WRFEIE R HG R 7RIS A KR BTG
N, PB IEDHIEIE REUIBE Po. ave HIHE KM 52 15
K& HILBEAAZEBIRE K 0. PB
TEURBIE R B 53 N 1 Rom N
lgk. =—0.661gP.. we—8.34 (R*=0.870) (4)

@) R PB IEUNSIE /AL, 5K L
WB % ZBAE R — 8w, H#FIRELE 12~2 £
DA (R — 208 ) F B SAE 5% 8 7 R 1k
IS 2 thy, 76 TREH, Ar@d i PB JEDERT
ZAEBIE RN, R IE R
3.3 EBHFLBREL

Bl 5(a)y PB i FEIIIEDHFLIR L 5 &8 2%

(a) TEVF e-Pe. ae KR

25
OPB-0
20 F O PB-10
* A PB-20
g v PB-40
S sk * O PB-50
= PB - 60
- g, ¥
= &g
K 10+ v A
2 Ox
O (@)
O
st ¥ o DAOQ
O 1 1 1
7 8 9 10
FLBALL e
(b) e-V KR

K5 DEDHLERLE S8R A RN IR &
Fig.5 Relationship between void ratio and filtrate loss

volumes and average effective pressures

%, B SO)NEGHLEREL S KA KR Z KR, %
WEEAVEH T PB iRAFEITSZ Pe. ave TEEIFHIT, A 9~
188 kPa; fEIL Pe. o JEHEIN, PB - 0 JEPHH e TEH
9 8.6~10.0, PB - 60 JEYH e Gl 7.4~8.5, b
P, ave (1K, S2AH[E CaCly W E MR FE1E I PB UE
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DEFLBR LLREAR: 7EAH F(EAHIE) Pe. e TEFI S, PB
JEGEIIFLER EL i CaCl, Ve B 38 AT FEAIS .

WURDIRAS I E, L ALBR L2 4 X 25 5 (Go)
FOKREwyRER RS, Sl G BBV,
BITE 2.60~2.63 JulH, ZLAIEE/NT 1%, 1 PB J&
B K R AR TE LA 384%~260%, ASAL IR FE (1€
DF KR ARANE T 5 38 DF 5 KR e KAB 2 Ho) ¥ N
30%A AT, T R FLI Bl 75 7K 2 B AR T 980 o
RIE, JEUFRIFLRR L = B2 & K KA LR . AR
a2 WTAN, B Pe, ave R, BERMAR VK,
BTN TIPSR E R LR 3), RAFHEEL
BRlb(e)FMR, ZIE S@FTRMARLRE . ZA
WE CaCl, WWA/ER PB JEDFRILHE TN e-
lg(Pe, we)HHZR, RUZIFNEBIER G, THMRK
A, FEOLESREE A R
34 BUHEERBSTLEE

Kl 6 Mz LR LR L 5931E R AR R
[F]— CaCL W JE/ER T, BEIEVIFLBRLLIE K, PB &
PHWBIE R B 2 LR ZAF CaCly IRFE(E
FRBEYE, FHALRR LLAR R (EARIE I, Bl CaCly #
WK, JEUHEIE REUE K. JRIFNEE CaCly KT
s M R AR RN, I A SR AR A L RS I
PERG K, B ALIE g, SENSIE R B0E AP,

10*8 -
50 kPa
107°F ﬁ/ﬁ%‘fﬁ
T 690 kPa f}/ﬂ/
g
= —{—PB-0
= 10r %PBIO
—A—PB-20
—/—PB - 40
—O—PB - 50
—#&—PB - 60
107” 1 1 1 ]
7 8 9 10 11

LB e
Ko I ughHLIR L 528 R IR R

Fig.6 The relationships between void ratio(e) of bentonite
filter cake and hydraulic conductivity(k.) in CaCl,

solution with various concentrations

3.5 EBUHEERYE CaClLiRE

PB A FFIE U215 R A CaCLIRk X R it 2k
WK 7@fR. MR E, B CaClL kR K, PB
WEVHSIE R RIS TEPEXEIR R T,
SHEDHBIE RS CaCly IRFE R RIATHE, &%

PB i#ff
—B— 50 kPa
—6— 100 kPa
—A— 200 kPa
—$— 400 kpa
—%— 690 kPa

CB i pE2
(P =400 kPa)

0 10 20 30 40 50 60
CaCl, ¥ /mM
(a) ke-CaCl, W J&

10° - g
PB ik ff
CB R —B&—50 kPa
_ —6—100 kPa
(Po=4Q0 k:a) —A—200 kPa
10! —$—400 kpa
K —%—690 kPa
y A
2 ,,’
10°8”
lg(ko/ky) = 0.009¢
(R*=0.970)
VE: ¢ N CaClLikE
10*1 1 1 1 1 1 )
0 10 20 30 40 50 60

CaCl, ¥k J%/mM
(b) ke/ky~CaCly #eJE
7 PBIEPHEE RZ¥S CaCLIRE KR
Fig.7 Relationships between hydraulic conductivity of PB

filter cakes and CaCl, concentrations

WRIGE S F B R R R, e R
R2i%%F] 0.701~0.985. %f HLyb i i 252V 5 45 R,
TERIE BRI TG 4, PB JEUHSIE R AU
FARERM CB MEUHSEREG JHAE CaCly IRFE>
15 mM i}, CB IR SRR, TiEE
B 1 PB ARIGTE CaCly IKF <60 mM i, JE
VAT V< 5 1 FRAE. (25 mL); REHARZL L
R R EAER P A A O I R REIG, T
RV R R (PB) L A 2 E AR N o

Kl 7(b)H PB IEUHIIZIE KA S CaClL KR FE X
REERNPE—DRY: 2 CaCly KE <60 mM I,
PB ({17215 R (k/ky) <10, HIHIBIE REUZIZIK
FESE B A VAR A K, B REK: W& 15
mM ] CaCl, #/E R CB e (YR TR i 5k
RSNy % ZALIR T 10, R BR ok R E -
BE] CaCly WEWRIT, AN EIEC, MmN
ST BS T4 4 3% A A i AR BV R B B
BERE.
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Kl 8 4 PB JEUHIIBIE REL. FLILLYS CaCl,
WEZ KR R 5 NAFFLBIL T PB DY
BIE R (kky) o BEDHFLBR LSRN CaCl, TR
WERGK, ¥EETE PB JEUNBE REUIE K. 4
AR 5 HEE, TEAHREGHID) AL R, B CaCly
WIEER K, PB I ke/ky MERKAEN 10.73(0LH e =
8.87+0.1), PB JEUHIIRAIEE R250(1.20%10 ° m/s) 5
BB ARSI R BB HERE (1310 ° mys) M
RS REZH, PB JEVFE 0~60 mM 1] CaCly iR &
F150~690 kPa ik3e Tk /IMEH T, &% R EAT
WK, AH k/ky FoAS 0~10 V5[, HEE REHEK
fEH~1x10"° m/s; i CaCl, ¥% >15 mM [ CaCl, I},
CB AP VB Iy, BistERe RIRFEK. Ft,
5 CB L PB bk e W e m .

St 60
o

12Xx10°

8x10°F
~ 6X107°T

' 4% 10710

2%x10° 1

ko/(m

1X 10*11

8 PB iR ke-e-CaCly WRFE L R
Fig.8 The relationship between hydraulic conductivity(k.) in

various CaCl, solution under different void ratios

®5 AFENEBIREET PBUEDHINZSIE R
Table 5 The hydraulic conductivity ratio(k./k,,) of filter cakes

in CaCl, solution

CaCl, kelkw
RIEMM |, _ 10.0120.1 €= 9.7720.1 e = 9.23£0.1 e = 8.87£0.1 ¢ = 8.61£0.1
0 1.00 1.00 1.00 1.00 1.00
10 1.42 1.09 - 1.79 1.67
20 - 2.52 - - 273
40 - - 4.07 - -
50 - - 5.19 - -
60 - - - 10.73 -
4 H ®

ARSI [ i = FR S I 2% 1) PAC X iE £

AT R, W T AFEII. AF CaCly #EAEH
N PB UEVFRNEIE REL. i TIREE ). FLBREL.
TR FEXT IR DS I R B . FEEE R

(1) ERIEAFG 5 Al bR N A 2N ) &
MR AR M CaClLIRE<60 mM i, PB JEFHIIE
RIBARFINT TR 55 PEFRAE (25 mL), 124 CaCl,
WEE>60 mM I, JEREIARFREZE K

(2) VEYHEIE 2 HbE I8 I VAR 3 KT 1 K
HHFEZFAERT, PB IEDHSIE R/NT CB PSS
RE, B PAC ATRERIERIBMATR JEUHEIE REL

(3) Fifi CaCly WRBENE R,  FE 40U HL 245 R 4
FORRBEG, & RIEHFLIREL N, (EB R fLIE
Iy, FEGEDHSIE KBGO MG INA R8T
AT DAHE Y — 30 45 PR VAR BE 3G K& i) PB JE DR
7 R R o

(4) 1£ 0~60 mM f] CaCl, iEWAEH ~, PB JE
PHEIE R BIK, k/k,<10; TUHELE 2%
(1] PAC 5T 1§l - B He & 07 ik R £
AIE AR CaCly iEH(0~2 400 mg/L, Bl 0~60
mM)EF NI LR B st g
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