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Rising law of capillary water in tailings dam of metal mine

ZHANG Zhi-jun, LI Ya-jun, LIU Xuan-zhao, PAN Wen-xin, LIU Yong

(School of Nuclear Resources Engineering, University of South China, Hengyang 421001, China)

Abstract: The influence of capillary water on the physical and mechanical properties of dam materials of tailings dam is
great, which will affect on the stability of tailings dam. Therefore, in-situ sampling and laboratory rising tests were
carried out to study the rising law of capillary water in a tailings dam of a metal mine. The results show that the tendency
of rising velocity of capillary water is fast increasing then decreasing, which is caused by combined action of several
forces. The rising height of the capillary water in early 3 days is above 50% of the final rising height and keeps on
increasing until stable. This indicate that capillary water will rise rapidly with the increase of phreatic level of tailings
dam, which can impact the physical and mechanical properties of tailings sand and influence the stability of the tailings
dam in a short time. The relation between rising height of capillary water and time can be better fitted by the power
function, and the calculation equations are obtained.
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Fig. 1 Schematic diagram of capillarity phenomenon
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Fig. 2 Schematic diagram of sampling from tailings dam
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Table 1 Contents of different particle groups

Particle group/mm Mass fraction/%

>2 -
1-2 0.620
0.5-1 7.147
0.25-0.5 23.594
0.1-0.25 48.702
0.075-0.1 10.625
<0.075 9.312
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Fig. 3 Curve of particle size distribution of tailings sand
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Table 2 Major indexes of physical properties of tailings

Gravity density, Water content, Void ratio,
FI(kN-m?) W% e
15.45 0.564 0.752

22 FHAKEARERER

K IE KK E L B b b il B4l /K Bt
THFOHATINAR, PAaAr BAK) LA R, B
R,

DR 2R E I AE AR HE B AN AR A A Al E it
JE, REEN R W 4 PR

Pipe 1  Pipe 2

Glass tube

Water
bottle

Tailings sand

Surport

4 BAUKETHARA R K

Fig. 4 Schematic diagram of device for capillary rising test
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Fig. 6 Fitting result by regression equation curve and data
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Table 3 Rising height of capillary water in No.1 test pipe in
early n days

Rising Rate of Rising Rate of
Time/  heightin rising height heightin rising height

d early n in early n present in present

days/cm days/% period/em  period/%
0.04 20.0 14.0 20.0 14.0
0.28 45.4 31.9 25.4 17.8
1.1 63.6 44.6 18.2 12.8
2.9 74.9 52.6 11.3 7.9
10.1 89.8 63.0 14.9 10.5
25.3 105.9 74.3 16.1 11.3
47.2 121.1 85.0 15.2 10.7
95 142.5 100.0 21.4 15.0

F4 25 n REBEMHK ETm
Table 4 Rising height of capillary water in No.2 test pipe in
early n days

Rising Rate of Rising Rate of
Time/  heightin rising height heightin rising height
d early n in early n present in present
days/cm days/% period/em  period/%
0.04 22 15.4 22 15.4
0.28 42.5 29.8 20.5 14.4
1.1 59.2 41.5 16.7 11.7
2.9 72.1 50.6 12.9 9.0
10.1 88.4 62 16.3 11.4
25.3 104.5 73.3 16.1 11.3
47.2 121.1 84.9 16.6 11.6
95 142.6 100 21.5 15.1
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Table S Rising velocity of capillary water

No.1 test pipe No.2 test pipe

Average A\./e.rage Average A\./e.rage
Time/ rising r1s1.ng i rising r1s1.ng .
d velocity in velocity in velocity in velocity in
present present
early n days/ . early n days/ .

(emd ) period/ (omd ) period/

(emd ™) (emd ™)

0.04  500.000 500.000 550.000 550.000
0.28 162.143 105.833 151.786 85.417
1.1 57.818 22.195 53.818 20.366
2.9 25.828 6.278 24.862 7.167
10.1 8.891 2.069 8.752 2.264
25.3 4.186 1.059 4.130 1.059
47.2 2.566 0.694 2.566 0.758
95 1.500 0.448 1.501 0.450

TESHI MEAR R, RS SRR R, 2 5 ném T
F, X F BN KT TR G, T ATk
500~550 cm/d, {HBEE BRI, SRR 2E,
I Jm 48 d 134 BT EEA Y 0.448~0.450 cnv/d
FRPR I L FE LA S B4R BT OGRS, EWSy
e EFHRTR G RIS K s AEBAK EFHIH, H
TR K B KT BT KRR E Sy, Rk BT
By RREAE BANKAT 3G iy, DR It
PanRmik S, SECETEERHARZE . NG
AIAL, AEBAUK ETHRIEER B, T B KR A
XD, B A G R RE ) 2 B 5 HE /A

XN, BN D ABAN T HIIEE Ty by 3 AR
el i A A B TR E AR EL I e Y E s P S ) ol wb
JEARH R SO BRI 2 O AL IR R A RS AR
&, MEKRKE AR PR BH ETHDEOR, J
XFBAN LTI R A ER ) A, DR b T R
s BB AK BT RN N, R ERR AL
CP AR B BT, R BAK S &
AR, WA IR ARAR RS, Dk BT 0T s
e HEF A SRtr oAl ol e, a0k
THah 1 UL RS E S, G RSN ER IR
WD BAIK BT PR S0 AR A

3.3 EHKEAMESMEEYIASH

MR 3. & 4 Fik 5 aTLUGH, BAIKER
0.28 d(400 min)f¥y Tk B 5 R E T E R 30% A4
SE) ETHEEL K 150 em/d, 1T 3 d BT R R
L) 50%EL b, P B EEZh 25 em/d, B
ST, TR BAUK LTI, KLk 90
ZRERRE. WTLLUAA, BAERERIHARI 2
LK, BETT SN RS A EE D) 2

DG, A T 3Em e A oRs s e, e B
BT [B] R AR A 1 100 23 PR 23 il g AT B, BIPRT 3 d A
—BL ARER, B3 d2RNA B, BoERg:
Bt IR 5510 UL 8 19, [RIJ45 R W3R 6.

F 6 TAHK RECFZIT 1, UERH A PR 2 3
BRI OC R BT 1, RIS SBr Ry
FESSHT RN B AR BT HURS e PR S i
BT R 6 rh W3 B R 0 B 4K BT il ik
AT AT

o No.1 test pipe
20 ¢ No.2 test pipe

Regression curve

Rising height of capillary water/cm

0 0.5 1.0 1.5 20 25 3.0
Time/d

8 A 3 RBAI/K LT e B I 1] ([ - 5 7 ith 2%
Fig. 8 Curve of regression equation of rising height and time

of capillary water in early 3 days
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Fig. 9 Curve of regression equation of rising height and time

of capillary water after 3 days
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Table 6 Regression equations of rising height and time of

capillary water
Period of time Regression  Correlation  Equation of
equation coefficient velocity
In earl .
3 ZZ;SY H=58.3250"2  0.9868  1=18.197 6%
Aft .
; dae;S H=57.5720"  0.9951  v=11.169¢ %
4 ZHie

1) B4 KAE BT ) J B T N A 128 K g
%, FERT 0.28 d(400 min)(P)_ETh s B S BT S
30%/iAs, I3 R b T B S S 50%EL L,
TR R, 2 SR BAK BTN, FEak
90 £ KHAERE

2) WERARE R A P G R W R B 4K B
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RS EILRNE L B, RIS REA A A2 R
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