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Physical modeling study on treatment of waste slurry with vacuum preloading at
bottom combined with upper surcharge loading
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Abstract: To solve the safety problem of using waste slurry to backfill discarded open pit mine, the treatment method of vacuum
preloading at bottom combined with upper surcharge loading is implemented in the model test. The feasibility of using this method in
the backfilling of discarded open pit mine is discussed. The test results show that the proposed method can significantly reduce the
water content of the slurry and increase the shear strength of the soil. The water content of the slurry reduces from 450% to
95%—105%, and the reduction of volume reaches 73.4%. The undrained shear strength increases from zero to 9.8—13.4 kPa. In the
initial self-weight consolidation stage, there is gravitational separation in the deposition of particles, and the deposition of coarse
particles at the bottom is helpful to alleviate the clogging problem of vacuum preloading. During the stage of vacuum preloading,
seepage direction of pore water in the slurry is not completely one-dimensional downward, and there is a hydraulic gradient in the
radial direction. After the treatment, the compressibility of the soil is close to that of soft clay, while the permeability is greater than
that of soft clay. Based on the experimental results and the large-strain consolidation theory, the effects of slurry thickness of a single
disposal cycle on volume reduction and treatment time are analyzed using the finite difference method with consideration of the
self-weight, nonlinear change of compressibility and permeability of the slurry. The process parameters for operation in site are
recommended based on the results of numerical analysis.
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I —-— Jesg RS RN ML BRI SR e —P,

JRF ARV A TR LRIt T s N i bkt
LESR AR A IR, SR, R T WRAKERMIRE L KPR A A e K T 5 i L
&, P LA TR A Y REEFS RN, 2K, B ORI 0R DL
P, RO IR U, BRI IR AN CHnsg &R 2 EoR)D R Sk 25,

Wi FL: 2020-01-10 & H M 2020-06-11

BEH: WL EAFTRTIBIE (No. 2019C03107).

This work was supported by the Key R & D program of Zhejiang Province (2019C03107).

WEERN: BRE, %, 197244, @4t R, FENHAHEM LA S5HEEE L TR ZCAARNT . E-mail: zhanlt@zju.edu.cn



3246 =

b 2020 4

HETREN: BAKEEE. FiL0 My,
oy B0 LR, EEAET 0.1~100 pm
Z AL ARYTIE A B R K Sk, SRIERK
fiX, RRERE.

B 7 T R FE TAR e iR, Wl AT 2 4
FRLRAL B A2 5 30 1 1 N 0 S Lo s 3 I 7K Ak 3
A LRI S K R PR B RURAEPY, HAE =M
b B BERIAR, AU SMNSHAE H AT
AWK R FEMLE TN, KREVR S 2
T BUR TR GUEAT 1 2 A . XRS5 i Ak B
77 IR B KR AL B 73 [A], HLAH A B 37 A i b,
A LA BRI IR 2T e a8 . TR KA
B, MHELHRE R MBS B L, & OKIR
V5GP E ARSI .

BT HATE R TREREMAAEDR, ik TR
VeI B KA B CREFEAL B B AR 2B VI IS 75 3K
W EAFERE A2 B R T 85 R0 DT 75 22 [ 4176 BRI
ABBE, R TR A NE T YL [E3H
KBE, BEREMRVLR TR B AER,  REXTH YA T
FHIEEE . FER R ARV R, W5
Wy A 7 XAEAE DU T ) O TR R 2,
ARERE K, TEAR 784 HEAK [ 45 118 o N kAT B3
(] 3EAR 5 it b 3 R RS R BT @ AKE,
G T 22 1 CARVRIRAE B =260 R HEKE 452212
SRS [ St TR T, JF i Al 2 T JE U R 5 e
SRR . B, 7SRRI SE E
Jis PRSI ARV K HE K ] 25 i s A ST 2
PRAE A3 J5 I8 2% 1) 560 B AT Bt /2 Rl Bk . A
TUEVET 2 B T8I . WA e M I A FE T
TR, HUAS 7B A o ] Ak SR 12 R A
ERAE R B E B R AR B, AR
7, FEMSEEE A, RN 25
AT EARAS, HERR K gy, A T
g A D i 5L 5 AV RS . SRR VK SIS J TR it
JR AL B 2 TR AR B AT T, 75 V8 3K A 4T R AR
MBI S 7K EE M 65.5%PAINE 45% /4, i EE AR ER
TAE T HAkse it FH e sk 2 K IHTTRR R
W, SKEBAC, HeRKKRE-AM7EE, C&8qfF
TE—EHIAR ST, REMS AT IE . T3 T I
B2 SR KR TREXERIPRE, JLTE
7KE ), Had TPudiab B 75 SR IV T A R g
M LLE H R T HEAT SRR AR AR L . AR — i)
B, T A R T, A E A T I ek
PRt (F T It T

SEFHTTRE T RS0 B 25 — HE F 0 A B R 37 TR

PSR ARG, WEFT 1 i A AL A
iy VTR DL B 5 7K R A R AR AL,
PRIT T R A B 2 - HE BRI AL B R AR IR IRk
BRI J5 e - f g AL ATV, NI FE
HKIeEAL B TR SRR ATE

2 BRI LS B

2.1 R E

AR B 08 K HCE B T AR A
sk, PEAFEGFLIEEARIE TR, HILARY L
PERANER 1 Fiom o K H i@ # ZE N NaCOs 1E A5
B, BTDAVR 2R — M et H Na™ & &R, Wk
RN I FLR K R P> & N 0.344 mg/L, K T(i5
KA R E) (GB8978—1996) [M4Irhis—y5
BeW i e o VFHEBORFE 1.0 mg/L BRI 3 (15
st Zean® 1 fros, YR TRk (0.005~0.075 mm)
KL (<0.005 mm) F &5 7N 75.87%- 22.69%.

F1 LREEXWEEER
Table 1 The physical and chemical properties
of waste slurry
W SKE S R R IR R kR R
g em®) /% WEE /% % 1% /% 1%
1.12 450 2.72 59.8 233 144 7587 22.69
S %E/(mS « cm™) pH Ca?/(mg » L") Na*/(mg « L") Pb>/(mg -+ L)

1.456 8.9 114.3 228 0.344
100 1 20
< 90}
= 80 F
ﬁ 15
K 70t -
i ®
EEH 60 | =
= *
S L R
| 50 10 =
N 40 - ]
NGl X
= 30 F =
Firy 415
$ 20 |
< 10 f
0 b d 0
107! 1072 1073

MR B 4%/ mm
A1 IREXRFS S

Fig.1 Particle-size distribution curve of waste slurry
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CS-1 0~5 90.82 2.47 1.458 1.20 1.04
CS-2 5~10 99.52 2.71 1.418 1.42 1.54
CS-3 10~15 100.52 2.73 1.429 1.89 1.28
CS-4 15~20 97.50 2.65 1.455 1.65 1.16
CS-5 20~25 99.52 2.71 1.409 1.26 1.27
CS-6 25~30 98.80 2.69 1.435 1.11 1.48
CS-7 30~35 95.80 2.61 1.474 091 1.38
CS-8 35~40 88.47 2.41 1.462 0.90 1.13
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