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Experimental study on drainage characteristics of new composite drainage
pipes in tailings pond
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Abstract: The clogging of the drainage facilities in a tailings pond is a common phenomenon, and is also an important factor
affecting its safety. In order to improve the drainage capacity and anti-clogging performance of the drainage pipes, new
composite drainage pipes are proposed. A layer of lattice net is added between the geotextile and the perforated pipes in the new
composite drainage pipes. The indoor model tests are carried out to study the influences of different lattice net structures and
opening ratios of the perforated pipes on the drainage characteristics of the new composite drainage pipes. The anti-clogging
performance of the new composite drainage pipes is analyzed, and their drainage mechanism is revealed. The results show that
the drainage capacity of the composite drainage pipes increases because of larger equivalent opening area and optimized
drainage path. With the increase of the opening rate of the perforated pipes, the influences of the lattice net on the drainage
capacity of the drainage pipes become smaller. The outsourced lattice network improves the anti-clogging ability of the
drainage pipes. With the clogging of geotextiles, the drainage capacities of the ordinary drainage pipes wrapped only with
geotextiles and the new composite drainage pipes both decrease, and the reduction of the drainage capacity of the ordinary
drainage pipes is more serious. When the connection direction of unidirectional connected lattice net is at an angle with the
longitudinal direction of drainage pipes, the drainage capacity of the drainage pipes does not increase but decreases. When
using the unidirectional connected lattice net, it is necessary to ensure that the connection direction of the lattice net is
consistent with the longitudinal direction of the drainage pipes.

Key words: tailings pond; composite drainage pipe; drainage characteristic; experimental study
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H AR IR S il i ik, 4k
Bk BADERGE. EHKCTHRZ RS KT HRE I
WEEIFRR, HESEEMHRE RSN s
PRI BAT MG i, il T, ARSI, 7R
KPR EH RS RGO gz R, A
(FHEZ R B UPVC TR SMEL L T AT A, Stuyt 21
G T HKEEMEE MR 2 FLTARAT I S0 K
VERERIFEME , FFHEH 1 RURIA LR Bl A 1 P f5e 8T 15
TR, BEREPHIR T L TYWR T R N
SOERIHLEL . XAHREE WA —ERIRE, HR2ETT
FLIERUDN, HEEREMRY, TEANBUR A b L T A
Gk, SRS E HE SR R 2 R
NIRRT AL PR L, AR g HRE
R L, SO T EOKIEAR,  E AR A A,
AU IER B T uikssae ot o ML
R AL G HRE B IS R 2%

NI GHEEE I HRE RE DM PTIREETERE, A
SOFPRT MR SHREE, FREGHREAL
TATAIAEE Z [N T — ERE R, 380 7 HREE
SROTSLIEAR, e THREE RS AR R N
RS, BTTT T A FAR R R SR OB R AR,
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1 WIERE., MRERE
1.1 RIERE

NBAY R T HRE E I HRE R, BAT B0
A MR ARET R, HREE MRS ] T i
NBERIRE . 8 RN e 2R SEAE AR AR AR TR I K s o 3
LI AR G AR A AN F A B AL KR Sy, A
A TOU N HRE EHE oK . D[RR REAT X Ll st
R e A PR FR BT

PR (Al 1 AR 2. AR IR ]
A 397 mm X290 mmX 300 mm (KX % X F ). Bl
IR /e A g TS B — L, ELARN 96 mm, FH BAK
BHEE, L0 B AR T P2 115 mm.
Hevz g i i O AR SRR A e, i 0 1 AR
TR SRERARIER:, I B AR S R A vty )
AR K B BT A SRR, IR
EONWAE 20 mm I Z2IR80E, FSRSINE R SR
HARGAIEE. TR SERF BT IERER,  RTR
SRR 2 (I (KA b 7K . AN 3 B AR AN
BRIEHZ M o

Ik &RS: BAF S EEEEINKE, EHE
FESBERFE 2 BE KT, HEERNIIEN 750
W (B, HLE N 220 V/50 Hz, fEimfE 42 m /K
e, EHTEEN 0~36 m Kk, BAFKEN 4.0 m/h,
BUEWAEAN O m, HERAEE KR,

DB R G AR A T R PR R BN K
EAEE CMEESE /3, MEBRSAML E K E
Ho EJIRINEFEN 4.0X10° Pa, KR 04 %%, %*
ZNT1.6X10° Pa. BT EFEIEHNS & HEH K H R
&, HEEHREENRE. SFFWEREN 100 kg, K
FE5 0.01 kg

WA R H O, FIE NS IESUEH, Wl
BHBENGABE RS BAERER, mimEmE
PR K, MRS E MR N K k. 18
HE bt LR, RIS WKk E 2,
5 P 3 I RS B NS ARk Sk . R AR
Dupuit 7K 28I AT HHRBE ML E68E R

On(R/r)
T 2aM(H - H,) o
1 2
X, b NGEEBBERH (emvs), O NHFEBERE
(mL/s), R NHBEHOLE/KLDAKES (cm), r
HNEEEEN¥RE (em), M RNHEBESE, H), Ho N
E AR (em)s

j—lo

10—':
1-ZERERRE 2-AAEEE -l 4- LR S-SmdliEstR o JRaEE

7-KHE S-fEER 9K  10-6F 1-#BE 12-1bKBE
E1 AR ETEE

Fig. 1 Schematic diagram of experimental device
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W A R EAm g S yr R EEN T k) HURE,
A BRBURL I LA 1, A AR 50N 3.15, 200
H LU R BIORL i 65.24%

x1 BWRORRAER

Table 1 Grain-size composition of tailings sand

0.5~ 0.3~ 0.1~

\/L/7\ -
Fi4%/mm 03 oy 10,075 0.075
A% 5.96 9.63 19.17 65.24
Bit/% 100.00 94.04 84.41 65.24
(2) #E

RIS FHAEE M TR U-PVC B, MRS UL
® 2. WWEITLHHEIEITAL, JTLEAR 10 mm, %
5N HG-1 FAEE I PIIT FLZ I EE Y 12 mm, %5
N HG-2 KL FIPITFL 181355509 6 mm, JE8 [ —
it A WL 5 . P FLREONAERE BN ITALZ
R B, T LRI ALBOT LI AR 5 S ARz
. ZAEE iR R S TR R .

R 2U-PVC HLEHXEH
Table 2 Related parameters of U-PVC perforated pipes

g M gy PR UL BE L
G2 i /mm i L1z i3 K& 2%/,
/mm /mm /mm /mm /mm

HG-1 75 1.75 715 10 500 360 16.9
HG-2 75 1.75 715 10 500 352 31.3

(3) H&HIM

e F R AR AL X (A&l 2 BT ), X I AR S ) R 2
203 N FHTE B« B B A4k, 2 LI T2 K
—FONAE BRI, AR Z AT, AW
FEIOTER /ST, WA AR TE BN 1.2 mm, BN
3.5 mm, MM S mm, K 10 mm. B—FNH
[ AE AL Y, BRSPS TR BRI IE DY, K
N 6mm, BEEEN 1.8 mm, MKE 1.8 mm.

AN 3 N4
(a) RNEEEMAY ML (b)) B 5 M A4 P25
2 1BEMEREE
Fig. 2 Schematic diagram of lattice net
(4) +TA3
Y P AT R G T, W
150 g/m®, L TAFEE N 1.5 mm, Bi&EREN 5.11 X

10" cm/s.

(5) HEBE

FAE GHESE MAEE . BRI T AR 4 A
e, BASHENE 3. WENEAE—ERKN, 1L
B EMEANIFLS 2 MW I RS E, 5K T AR
B FLIEAR, BN TN ENEROT LR, &
RO FLFR & SUN ST FLBEAR A MK 2 S5 T FL
MESmARZ . GERREEEAN, e L&
NFEFLAL I ez, TR SEROTALE N 100% (2R
WA . ¥ TAEIRKE T, GEEAE L,
BFE—F, A—ENESE, HBEMWWmN L TAHAH
Yekee i, HhiEHANE RgigEss, AIE T AT R
A Lo A AT R B R, WEHE
BEMNGEEBIER.
1.3 RWHR

W 0B B HRS S I HRBRHE, 8 7R M4 I 25 14 Fl
TEFFFLRXHRB R, Wit T 3 4 thikse
(W 4). TEST-01 THHEE 1 HEEAE B
HESE, HHBE 2 fF AR, REERAN, T
EANEEEANAZE RS8R . TEST-02 H,
H2E 3 s E 4 RAIEE P FLER 31.3%,
WAL FLAXT T R R A HS B HES SR I,
TEST-03 HFJHHEE 5 AT R AE@ES W HES
E, HBE 6 (E XTI, NEEKWW, B agEn
) AR AL X HES B T HES R
1.4 RIS FE

HHREV . ZEHAREN Y, &ZEE 20 mm.
BERIFERIEOR, A DR — A v (i)
BHATHOR . e R R A I &K, R AL
TKMZ T BREHEAARY 4 T MANRES, F
W HRIRZS B R B Z 2 /N O I N LA Y . R
WPV AR N 230 mm, POiHESITE AN 2.05
glem’ s KBS IR WO # B — B — B WA, 1)
IR0 I R MR T it K R ), 70— €%
FE LR R . RISERGE, TEREAE NI
PR BORE, DS R W0 B 2 105 BRI B [R5
RE RWRHESR S, MEERAE RN
Hez s, i v i e o HES A 5 B B2 [ e
HeB 4 5 i 0 B 10 A 1 B I % 4

BN EA & RS A RHKER KA. HER
SRR T IER:, SBT3 Ae KR SR
FEERE, AP IEEK CARKIE B R, 7R
W E TR E )2 1A, £+ A LIk
it AL B B VRN R . #5772 AT IR AL
R iE, MR T Kk, EHSE HK AL
JRCE KA, TEZKAR T 5 E & AR HE K
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Table 3 Related parameters of drainage pipes

Hez e s e & A TR /em L TAESE/om  EESHILE  ZEBERE(oms ")

HBE 1 HG-1 A 43.0X29.0 4 31.3% 424%10"
HBE 2 HG-1 T 39.5X26.5 3 16.9% 1.84Xx 10"
HBE 3 HG-2 A 42X29 45 59.1% 478X 10"
HE%E 4 HG-2 T 39X26 3.5 31.3% 1.82x 10"
HBE s HG-1 LA b 42.5X27.0 2.5 100.0% 6.11%X10"!
HBE 6 HG-1 T 39.5X26.5 4 16.9% 1.90x 10"

T4 RERITTR SR (HEBE 1, SROTILEN 31.3%; AN

Table 4 Experimental design schemes NEEREMERSE (HEBE 2), HALERN 16.9%.

LN Al Al X E ZFH M FEK AR s E, DR AEA

TEST-01 HHEE 1 B 2
TEST-02 HHEE 3 R 4
TEST-03 HHEE 5 % 6

BATIRGS: JFEERIE, X7 A B A [ I i 0
FHFEZKE S Canbdl 3 Fiom ), o3 S 2 RE R R 1
Ak, SOREEERKE 3T, YHREERE
— BT A S RS . IR RIS HRS S WA E
REE, WENEE R KRG BN 10~20 m. 58 )5,
DB A AL AE N AN [RIR BE AL R0 () AL T 45 B, {8
AR IR SKABE PO R N WO B2 B R iBIE R4
SEZHERGEN R, BUHEHREE, WEHRE
BRI EBE RS . BT EK, TEST-02
RIGHEAT T IR, TEST-01 1 TEST-03 %147 77—

(a) HHARH

(b) HifmA
3 i

Fig. 3 Experimental process

2 EEHEEHEESHES
2.1 AEBIEREMAES EHESHHE
(1) HEBFHIE
7E TSET-01 H, AR 70 () g, AN T2 3 A 44 I

A HREE MHRS R . IR E % e N
135X 10° Pa, FIIUIZHREE MK KL 13.5 m [
L. RIS E BN R FRERTEE N 2.11
glem’, i AR K S BB G B 1% T2 T Y 1055
ZHCN 1.44X 10 cn/s.

145 -

1.40 —=— B2

Las —— BT
130
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g125
-
<120
fg LIS L

L10 -

1.05 -
1.00
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& 4 TEST-01 hHEEEHES EMME T X R
Fig. 4 Relationship between discharge flow and time in TEST-01

2 HRS B HRE R AR th 28 (&l 4 pr
), MHARSE NS EHRERN [W 218 T B, RIS
ERER A R A T — E R S . 0~505 min,
Az EHEEEERANE, H2E 1 P2 E
N 1.357 L/min, 2% 2 N 1.204 L/min, Z{HN 0.153
L/min, 2% 1 M PHREEIHREE 2 5 12.7%.
M 505 min £ 530 min, FRIEER K, 8 IR H A
AL 9 h, HEBE KA —EfEERE, MR EHRE =
WA — EFEE M. 530~830 min, HEEH 1 (KT
Heiz 8N 1.212 L/min, HHE%E 2 4 1.049 L/min, Z{H
49 0.163 L/min, HREE 1 M FHHRZEHNEZE 2 &
15.5%. RIS AT (830 min), HEEH 1 (HHE B
TG BHE 11.7%, HEBE 2 HHS BRI a6 K
13.9%, H2E 2 WHZEREKEEE L. HTr
OG5, AR I Al A R B AE G, MK 4 ISR H,
B B TR] B R, PRHEZ E RS BT Re 2 4h 8 N %

K 4 7750 HEZE 1| HRBRE IR THEEBE 2,
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HeB % | FIHEESE 2 HOHES S0 ] 0 389 0 i ek,
PHESE MR A —E RE R, BHBE 2 HigE
PIFARFEE R THEBE 1,

(2) TEEFFILERITHBRFE 52

76 TSET-02 H, 5L FE A0 60 55 AN 3 A% 1) )
MHEEE (HREE 3D, BERITILEN 59.1%; BAF
HMAAN A HREE (HRBE 4, FFLERN
31.3%. HFFCALE TF LRI EL A T @S A I HES
HES 2 R SR o BERUAS T K I 1 ¥ 8 N 1.32X 10
Pa 1 1.42X 10’ Pa.

B S AT5l, HEEE 3 HREEMHES 4 HHEAR
Ko MRS THHEKE /19 1.32X10° Pa (0~40 min)
i, HEEE 3 1FHREEN 1.06 Limin, HEEE 4
4 1.04 L/min, Z£{E4 0.02 L/min, HH2% 3 HFIHE
BEIHNSE 4 51 1.9%. UHEAFETKE S8 1.42
X 10° Pa (40~60 min) I, HEEE 3 - FHEEEN
1.23 L/min, #H2% 4 Jy 1.17 L/min, 219 0.06 L/min,
HE 3 P E LHEEE 4 5 5.1%. 98
FFILERN 31.3%0), J& M E P HESE 1HES
HEREMAK, RIEEFFLEH 31.3%18 KF] 59.1%,
XTHES R PRI A K

125 - 1.42x10°Pa

—=— {54
120 - —— HBE3

PRRENS
8
S110h 1.32x10°Pa
L
2105+
1.00 -
0.95 1 1 1 1 1 )
0 10 20 30 40 50 60
A5} [ /min

[& 5 TEST-02 FHESEHS EMATE T X R
Fig. 5 Relationship between discharge flow and time in TEST-02

(3) L TATIEERTHEK BE T 520

N HE— T T AL SR AN T I AR AL I HEVS B R B AR T
WEEVERE, K TEST-02 75 AT 5 = xikse, 3Gk
BRI IE), SRAEM KRR 5 =, K 77 45
R BEAK. BB 6 AIAN, fE 1.30X10°, 1.61X10° Al
1.96X10° Pa KIEH R, PIHHEE HHHS BRI 722
18N FE, WHRBERNRE T — BRI . Kk
BN 1.60X10° Pa 2471, M 146 F] 415 min, HHEE
3 HRBEEICT 0.08 L/min, P& 5.4%, HEEE 4
AR BT 0.18 L/min, FEK 11.3%, HHEE 4 fH2
B PRARRL R B K. KB J1H08 1.30X 10° Pa 2451
M 1 min #| 445 min, HRZE 3 KHHNZEEIKT 0.08
L/min, FF{% 6.6%, HHEE 4 HHSEFEK T 0.12 L/min,

FEIK 9.6%, HHZE 4 HHZR PR K. fEi50
WAL TARAE T RERE, HREE 4 1
IKREDIFERRRZ L HRSE 3 K, R TAT I HE
B AERER. HREE 4 MRS 3 INHHS B E
AR, BTl A Al B
19
138
17
EL6
315

—=— a4
—— {3

1.96x10°Pa

1.61x10°Pa
1.64x10°Pa

1.33x10°Pa

0 100 200 300 400 500
i i) /min
[ 6 TEST-02 FHESEHRS BHERE X R (BRRAW)
Fig. 6 Relationship between discharge flow and time in TEST-02

(second experiment)

(4) AHEMAXAL P HEE RS LA

GRS ERHRS AR A A (LB 7D, B8iE 1
NHREKEE T - TA G, EREMEE LRI
AEBENHRSE NHES, B84 2 AHRE KN LT )5,
FE AT N RS £ TAT-F I 7 19, TR REE
BRI AL BEAHEEE NES . RAE KR B8 12,
AR 1 ARSI m T HEE AR 2.

FHES BB AL T M3 I T — E
W, TR B — T L S R 2 A RS R, 3K
THEE RIS, HK T HEEE RS ROT LR, &
BRGS0 7 HEKERAS 1 BT SR, $RE
HREE R BEARAKRE . AT RAEREE, £
AHREIE R B, MRS AT 2 R E YR,
HRZ AR 2 MHRSRE B3 TR, TN I HE
BEI T HRERRAE 1, b T HEE AR 2, £ TATH)
TR AR RS BE I ISR .

Bzl %iéz |
+ 1A — —h— — AT
ﬁﬂﬂ\j?umlﬂﬁﬂﬁ###uuilﬁ SEESTE
HE — I ‘ '
TekE M
B2 B2 :-729) :rl %IEZ :1‘:
+ T~ T TR T T
iin: STIE TR = ot TN Sanmr] e 11 &
iii:fF>J. BAINNLNNNIE -
oy, 1R b R
AR

&7 HESERHOKER
Fig. 7 Drainage paths of drainage pipes
2.2 BEEERGNEESEHRSYHE
£ TSET-03 H, R4 7 00 o 0, 5 B ) JE S 6 A4
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X, R EPHNE S HRSE AR T 2365

WHEE S ISR 5), SHOTILEN 100.0%; 4
N R AERMRGHESE RS 6, TFILEN
16.9%, R H = HIEMFAKILR F HES B9
(U8 B R RS A AR
ol
1.25
L"\ 1.20
ol
Z1.05

18 1.00
0.95

1.60x10°Pa

1.48x10°Pa

1.16x10°Pa

—— HB s

0.90 —=—{rBE6
0.85
0.80 | Al 1 1 |
0 100 200 300 400 500
A} ) /min

8 TEST-03 FHEEEHNS SMTE TR X R
Fig. 8 Relationship between discharge flow and time in TEST-03

HE 8 nlkn, HEBE 5 MHRZE/NTHREE 6.
KN 1.16X10° Pa i, HESH 5 - FEIHES 828 0.89
L/min, HH2% 6 M-F¥HREEN 1.07 L/min, Z{HN
0.18 L/min, HEZE 6 K THHBEHANZE 5 &
20.2%. /KN 1.48X10° Pa i, HHEE 5 (K FHHS
&4 1.10 L/min, #H2%E 6 K TFHHREEN 1. 30
L/min, HEZE 6 K FSHBEILHNSE 5 & 18.2%.
HHE2E 5 RSN THREE 6, KIETBR, —
FHES RO

HHBE 5 CEE R RS I, HHRZ 68 1A IE SR
K2 T H AR R A S8 . BB 9wk, 5
I S S ) X PR BB O Il S HES E A R QR RS
ERKERTD ARM, HBKESINZ L TAAER
L IE F BB R I8 7 TRl R HES 1 R,
HEVB K PR AN B K i 4 HE A T B AR T HEZK B R HEK g
71, WTHARZEN IR SE IR (B 100, HE
10 AP &I, HEBE 5 WERUK I B FLAR TEK IR
w, JREE 6 RN IFFLAER A KL, Ui B HE
BE S MHES/KEDANEE T A G, NESIEHERE
TRE A I I8 7 R M HRSE R, WA SR
EFFFLAL B HEH

9 HEEE 5 SMUEY B R EE AR AN
Fig. 9 Unidirectional connected lattice net at outer side of drainage

pipe No. 5

(b) &6
10 HEEE 5 FHEEE 6 WHESERREARFR
Fig. 10 Water flows inside drainage pipes of drainage pipe No. 5
and No. 6
FETAEN I, A PRIEARE K @ 8 7T L
b3, AP PR S AR IR IR, A ORAIEAS A4 I ) 230
T SHEEE RN A — B, HARAH I s 4k
TR ARG X o R D 5P ) T A ALY X ) 7 ) SRS
FIGN A eI, HREKIEL AN LT A f5 S R E Ak
BRI JT AR [ RS E N, HEE KA
RE S HEE RIS T HEAE IHRE RCR -

3 &% i

S 3 PR RO X T 5L A HE 4
BHHEHT TR, 1350 F 4k

(1) B AR IS 0 T R (2%
FALER, Mofe T HRS SIS MR, 1205 T s
Ay, BEATEE S IF LA, AN R HE
BEHEB R .

(2) AMLKS RIS BRI T B ELE I - T A
HEB R, R8T HRSEITUIERE ), BB £ T A
(T, LGB R R R R HES B (0 Hs 3
IR, A GeHE A RS B b (R R T ™ 8,

(3) 40 AR A4 19 132630 7 i) 5 HEB A% O
7 A I, HEB KB I A 4 T A R B 1
F BRI RS 7 [ O RS I R, His s
RIS e AN SR AP 26 eSS HI R, 315
SRR I 03380 7 [ 5 HE 5 (0 A T 7 e — 5
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