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Abstract; With a tailings pond in Lesser Khingan Mountains region as an example, experiments were carried out on
tailings embankment respectively by upstream construction with discharged wet metallic tailings, by filling a pond with
metallic tailings, and by construction with overflow and underflow of tailings separately from cyclone. It is shown that the
embankment construction with overflow and underflow separately from cyclone is superior over other two methods based
on comparison. It can not only effectively improve consolidation of the tailings in front of the embankment through
drainage, prolong the length of dry beach and increase the strength of the tailings in front of the embankment, but also
create a wide sloping sediment, keep the embankment within the freeboard, improve the seepage condition of the dam
body, as well as increase the bearing capacity of beach surface and the efficiency of embankment construction. By
improving the cycloning process, a scheme including constructing embankment during non-winter seasons and
discharging tailings in winter to build a wide sub-dam is proposed, which can solve the previously existing problems to a
certain extent, such as sediment beach with high water content and low bearing capacity, as well as inability to build
sub-dam with tailings sand. However, both the utilizing rate of coarse sand, the width of sub-dam of high-grade tailings
pond and development of frozen soil still need to improve. Finally, it is found that the embankment construction by
adopting technique of building wider sub-dam with underflow and overflow of tailings from cyclone combined with
geofariform method can effectively resolve the existing problems for tailings dam. Thus, this technique can be promoted
as an effective embankment construction scheme with fine-grained tailings in regions with high altitude and cold weather.
Key words: regions with high altitude and cold weather; tailings pond; embankment construction ; fine grained tailings;

dam construction by filling pond; sub-dam with wide body; embankment with overflow and underflow from cyclone

© WHRBH: 2023-12-13
E£mAB . EEHESWAITR(2022YFC2904500)
EE /I T (1988—) , 5, BT A, SR TN, TEMNERT RET HEH AR T/, E-mail:419562963@ qq.com
BEEE: KIH C(1987—) , 53 db B LA, S & TREI , 222 Fm™ LU b 5y T8 B9 A 95 TAE . E-mail :729897184@ qq.com



12 7R

T & 5 44

EF [ P R IE VT A FE X, R s A I
Vit MEIL Bt PR A S S — R L R H R
B R BRTCAE ), X DB SIUA RS E 45 1

RO 5 o — R SRR R IR SR R 22 5
i S FE A0 1 485 5 56 =, VR Rl A R TR > 1 iy gt
PR, (RIS B VBT BRI A , 4749y P A R e
A0 BRI R R BOR By, R RIAC R I/ AR
R A S HA TR B E R BN 4R E 1R 4
R A T X R PR R — D R Ak

20 28K, EA BT X e JE M X ARk R A SR 301
FORBST THGE, I MIEE HES R4 255 1 4
TR e LA E B HOR R HE AR, B
GEURTTRAT M 18, [ AT LU DI 25 7 5 FE R A8 240
KA PE S AT T RARBFSE ) W5 RN i FE b
DX 2 FE A HE I T AR A 45 = AR S0

INDLZZ WS MBI 1L A SR F ) 01 300+ 2
Wb B INTT 58,2014 4 24 05l ok 2 R
HEk AR MR MURE A 0 G SN AT 3
B, ASOWLLESESN B A T 228 M H]
HORGETT I TR LUEST , A £538 & T R Fis 1T
SRAFBMEINTT G8 T4 2R mT Ay i s XA ] 2K 20
KA HEM T e R 5%

1 B FEMEN

SR N T b2k 47.35°, FE N £k 0 F4F
9 A A ZERAE 2 AR, 43 A LA i vk, vk )2
B 1 H B P HRIR-23.8 C, B ARRIR
-42.6 C, RV NSRRI, R AR HER A
VRO L0, T3 0y 325 K A7 00, 30U TAR /55 440 m,
PEH M 198 m, MPEA N 4.29% 10° m?*,  — 2 RBA-
B, B HERWIUR AR, A 200 3.0 m, 4F
I EE 6~7 m,

A PRV R AR A ZR I, 4 Z2pK T AR Pl
AEAJEAR 1500 J70, 2014—2021 4E A JE R A R4 5
ANE 1 iR,

F1 2014—2021 ENERTHES TR

. BT R %
Bt/ mm

2014 4F 2016 4F 2018 4F 2019 4F 2021 4

+0.074 40.74 46.83 40.98 41.02 48.66

-0.074+0.054 16.46 16.98 18.67 19.46 6.41

-0.054+0.038 11.11 5.83 9.16

-0.038+0.025 6.17 6.08 17.83 11.27 2.96

-0.025 25.52 24.28 22.52 28.25 29.81
A1 100.00 100.00 100.00 100.00 100.00

1 GOHEE R R, I A PR +0.074 mm i
o i T 40.74% ~ 48.66% ,—0.025 mm Fig% & L
I 22.529%~29.81% ., HEARY ER R K201 &
WPk 2 Rl R, i IR OCHRIE, AR
LIRS 1 Y1 T

AR RLRE A DK SE R 2R R AT
IBITAAAEME IR BT 22 R /K R I R 311K
ZI2HE KRB ENE, 2RI R T M 5
I8, JHEEHEI T2, 1 gD R PEARAE ) L aR [m]

2 HEIRIAE S

SR RHE Lk

AT PERTIN (2017 4F LAY, AR & 456.0 m i
Tiihr e 451.0 m LUR) RARORHERW 77, Bk
W TR 40% ~ 42% , W 8 B 42 150 mm, 15
BT IS 18 MRS, S A1 7.5 m, AREMEH
TH15 0 A% S8 T 0 i S, % BRI TE] T T A
AT M T P8 2%, 1 R R, 48 T o T
WA IC I A L,

T ICTR B SR, ZEHE I SE e B v ) B A
1~5 HEBRFIUR FAZ IR AL e 1 HLEAT R A HEST
A TR R A B BT , AR S I TR 2 FH AR
LIg=e

S 1 ~5 ISR A b, B oR A 90 AR AT 180
HRBA™ S48 TR IS SR, I R B ek B8, T J A [l e ™
Tt e SN RV e B 1 B e A5, B ARl A
R E— AL BUE I D B R HE I, R4
R © B SO AER I RR S TE i — 2
R E TR AR K Ak v 22 A HE RN
— 7 1 P SRR MR A T R 2% @) W —
TR, B W BE 35% ~ 45% X} A (143 2% A v 1
W Ve AT BH S s, VR R 22 S A O B T
TR RESE 2 0.5%

M R KBTI R, th AR &
L N oes A =D O R T2 3 o ) R BT R TN
BRGS0 TCTE I 8 — 2 B () B M LA
WeRURLE A EEH T 23 #ila T VP%, WA 8
B, SO I, A B T 8 R B W S
—RE R (7 B A B R 3R 3 vl T B Y T
T WA B SR A AR TR 1) R N, VA A ROE K
T, TN, IR BRI, B i AR 25, ML
R ERACIRAS T ARRBE S22, MELUE BUERE ; BRI
W, 2380 & /K & K 3 i &, Y WE BT o il 6
E et ARG TS e A0 Bl M A B AT
DL ESERR BB HE S LN Z 2 B

2.1



553

TEARMSE : mEH X AR A U7 SRR 13

KRB REE 22 B2 38 2 R O VR B R S i
A M TR R SO R,
2.2 R MIRREM

it — AR FEHEI T 58,2016 4F 9 HAERE
W BT RE T 2 R0 ML HEIA

TR 5% R IR HE S 20, 432 4 i+,
TR STR 153 mx 50 m, FEl¥5E 2.0 m,]ﬁﬁﬁﬁ 1.5 m,
WANIELE 1:1, SR JFH DNSOOPVC 45 F i i 4 , Tl B
30 m, FEHCMEFBA % ®150 mm 4WiTH % KA B
1% ,[6)BE 10 m, AN S8 0w N 2o B4, By iy
FF >R FH 43 HOBC0 Te] L A S8 35 R B ¥ 3t v BBE IR
PR T8 S, Ak R o s A HE 2= A 9,
WU TP, 2 0 3 B S IO 5= 1k i, Bt 1k,
AT —A- IR

IR - A A HRS i, (H 3t N A K]
SRR, AP HEK B 25 8CR R 25, 2 KB R RS
1 AP SRR e M 22 | & v S8 ™ i | 42 R Yt 4
HEI IR TC L i D Aok AT [ 45 | 15 7K S AR 2
[F]
2.3 MHERES RERHED

2017 AELAG , FRIR 2218k T e it #2617 40 9 30030
(INTH AR = 456.0 m METHFRE 451.0 m &L E) R
EAEIATAE A i WA TEE N 70 m LM, Bé i
ISR FX350, BE A Tk BE 29 70% , IR Uib Hh
+0.074 mm R EEL 70% ., RS FEIFT RS K
AR TR 300, Y4 T 2 7K 0 2 T 0 R S 2% W T
SEREIBEEL 0.8%, IR TR H il K | FoK
I UURRIME AR RE T 5, IR IR A SR IR S AR 2 0
PRRMETAT RE 755 , IS RE I BB R TR
24 WML ARLIE

XF 4 EAIRHE 4 R SRk FIE I A% o3 Sk

s

W) T ZBOR AT TR L S5 2R W3R 2,

K2 3THEMTZRRI

. AbBRACR
ILE TREKE  MEEOE MERE) RLRE
SR WHRE 7 P4 fi& f
AR ML ) P42 fi& f
TREV fe Gk Bk BR B A

AMER AT T 2 R R HEE A B ik
JHE i 7 SR HE S 4 W S, 3 e 300 i AL UL 7 2 D
L, AR E LR RCR :  $2 e UET A i HEK [ 45 e
T, B B R DX 08 5 ) iR i R D
KA, B IR TR v B, TSl PR 22, TR R Y
DUBESBE | (RIE 22 2 5 ) il LR B i 46 F, 2
o T AR B RE S AESIUSR R, e/ N R
T B s R T R DT T BE e o SOEI T R
E— AR

3 MEIRA T E

3.1 MERBHREEFIN

2018 4 LUK, il 2 I J i S 25 A F 58 TAE,
B BUR M R A SR P IUHE S 2K
3.1.1 kA& H

JE VKA, SR FHE O #5% 43 2 43 X R S35
(CAnPE 1 FE7R)  30LRT X 38 A i A7 30U o X, e 1 i
SR T AR T DX TR DX 2 A Sy oM T B R B R B B
AT XU i DX R T 7 #45 JES TR T M 57, HE K B
KBB4 38 17 W 55 O E 1 S5 /N G R
SR, SR XK A 5 22 1 5 /0 R R e
J2E P R DX S 43 IS 5 i R T TR I, YR AT
T,

PP A IX

A JHkE
= . =

JRIRRRA PR X

R YR X

= FUKIX

| BT SRS REFARTEE

3.1.2  skEIAH

VKR, R A E A i O =X B Sk ik
L IUE ZARXT AR S ( EARA/NT 150 mm) ZEff
Z T — R BB, 0 i SR S 5 R SR
2, A Z v, i s KR AT RE R, Y

JBCR™ 120 DX Il i A bR O XAl S B [
JRCR™ VAR B B, B b3 SO ™ M RR
DRUR I I, S g Do S48 e | AR 1134
RO DL TR B R 25 [ K RS LIS, ml P
P73 Sh—AEHEAT R A",



14 7R

T & 5 44

SR 2 PR I, 90 B R TS 44 B
FX350 Ji@ i , 18471 A v i i A W B sl i O o 437
TERHE AT 05 42 1l S AR T I FEE 50~70 m, FER T
[ PN A TR SURLRE A0 19 R 30 1 ST T2 82114 Y T BE 3 B, 1
J¥50 m ZeA7 EBE 5% LA b, 22 S A e T AR Sy it 4
RV BLEA KX,

3.2 BEKTFHUHEIEE AL AY ()

JHE A o 9 PRV HE SN — 5 R BE A ke 1R b
LW BURAT 4 BT I e 5 ORI 5 K R RO
VL RAPHEST T INAE R, i E T 58 A 2019 4FS2 0t LA
K T T AL IR A oK H A AR AN A (R, 2
BEERIAELL T ILA 51

1) SR PR AL FE R0 SIS 8] 5 [+ Fof s O AL 120
LERMARME, O TR FIELERK, G4 11 HY)
BEYAE 3 ARZ I g th DRSS, @ i TR M
FERD R Z PRI, 6 L TR A 1l RS I R b A
TEVR G FERRA 1SRG AE N, TRIY] 5% okl it —
SRR . @ WA RIER 2 4, —E
R 1) A AT T8 U e RO (EL AN TR RS I it 4 , e 7 # 7
PRI, @ A KT RGE 45 R Bow | I
AR TR 7 2% 45% , (HFU IS BRI i B b A1

& 2

i AT, T B B 7R B e o> SRR D
VORISR 7 SR AL A | B S8R U R i 4 v
O AR AR SRR 08 98 1) 38 A5 300, 2Ll A2 Dk /0 30 i
URES b Al B AR IMARIR 2 F Y 5 [R) KSR SE4AR
T AL (0TI 4B R By 4 2 el g, PRIE
A2 42 2 By ik 22 4 05 SR BT ARG o
3.3 BERER S BRI AR I

BEXTLL LTl 2255 UL , R PEFEAE T v 7 2
HLD +BAR G IR T WA AR SR A RT3

VER—Fh L TAPR A & R T5 1, AR R 0] 1
T KA TR S0 o, Fe ARG E 2010 4FF
WS IRAR L AT AR R AT S0, PR A ) 58 7K

FRHA 20% ~22% H4 35— IR Bk

2) WA, JE A SR 40098 B TC I e R R
INTREKEER . HRTM B, B N =5 ey
Oy PSRINAE 7= 3R 22% 554 T FEAT 2 5o/ T 3
70 m WEER , ARPEINE, FRY RN A E DS,
AR AT R FE A 300, B 58 B 100 m i, SE R
TT=RIE 30% LA b, A B R0 R 2R T0 k0 12 5 3
SR T I HE TG 3K

3) ST R ICHEA RO IR N R HIE R, AR
TR I — B | AR 2R A K 1 I A R 2 R D
AR 55 A T RE R K AR)ZE (WL 2)
VKRIZ AN AR B2, Qi SR FT A e VKR 2 X
J2E RAAVI T 20 S A 24 AR 114 ) st 200 i T2 i 1 s 7 -
S FEONRFE MRS, QSR BB R A it (A5 VK
JEIE B I 2,8 X W8 Y RS E 152 1 2 R 8
W, HETRA A Z 0 S 500 4R TP A IR
80 m {3 EAL R 22 4500 X, 0w Ji5 W A A A B
JEA TRl 2 IUHITRE I REUT 5 & 2Rk il A v R R B
BT I, 7 0 B2 5 A 3T — 7 Y IR 9 R P T B
UKIEZ Bt AR AR S HE SR B AT B VK 2K T
AL e R e PR A 5 T AN T I AR e 1k

o %t

ERREEEKEES T E

W A8 T AR B TARRRCR T iy . A
FEESHUET 100~ 120 m A8 AT, SR PR AS HE SR04 4 1]
3o WASHIRT R e 48 7 s AP HEAE , BRAFAAY
TG PIZHEST 4 FEHEI T 6 m/a 5 HERT, Y
FIHUAHER 2 2 km  MEFTHLE 3 m = 4548 T 300 (4
ASTHTE 6 m, =4 3 m, [ NUESELEE 1:2.0) , %18 1.35 %
AR 22580, AR B S T AR 24 15 J7 57 K/ 4,
RS HE S0 1R FH O I8 44 IS O B A e okt s 3 3100
A, FLA K B S5 BLsh R G R, nTARIERCR  7E
ARG WE AT _L P I SR R D I A AR
MERAERTA T L YE. © BER A% 7 R PB4 HE 5%
FElE , HA K [ 45 P BL3h R 3E i RE v 51055



553

FAASE . FTEH X Ak R 3T 05T 15

TT_E PRE S @) AR B4 TN T AR f /)y, TR
BRI 26 B O BAS T IR EIE il g e
A —IE Bt A e PRI R B k2 42 @ FilEE
BB 58 PR R A TR AR A FE R H Y, SE B N Ik
JEANKS IR 58 MR U AT AT 48, 4 2l £ SE A4
TN P B G2 B A PR S B A /N LR K=
KEVEH,

S5 HDATEVR T 30U U ) R, w3 ik DA R A
e (D i AR AR, 12 w0 A A @ il ad fe
FLP A bR RS BEK 45 , 32 7 R B2, fRAE
D RT3 E BE J fe/N T B EOR B dl i Fil 3 58
PR A TR MARA TRl P2 A DK S AR T 301
AT, I/ INGR A L

MELBRHESSCR T | e i 7 PORLAD + BLAR S8 1
T HOQEE g ke 1 ORLED A R )AL, 156 BE 5 41301
GaPEHEIT 100 m, X AP HEK 45 8eR 8 i , i+
MES 7K o SR A T AT L, R, BRAR S SIUA i /b
THRLR R E R, TR 7, & ERE LR E
L BT 1 28 DX 3 Al A RS AR R U 8 P 12 4 301
D78 AT RGE I OB T, IR B R R I L 48
AT EVER H Y

4 4 i

BT e FE L DX AR R A R IR RS, DL/ 2% 22 06 3
IXERH N0, JT e T e A ik R0 i I
V5 R e o SO | I X R R e SAR 73S
T3 Mt — IR ST, B 2 R ARL R B e
Sl TR T2 M TR A B AR A LR, AR R 2 7 1)
AL AR BILUT EEEE

1) 38 I BT a5 o3 25, K R B e USSR, AT A
RO v IR A RO HE K 12568 ), 36 R 3271
IR DX SRR A 58 52 5 [ i ] 2 s R A DURMESE JEE , R

TEZE 2 g 5 O VA A F , i v Y T 7R B AE 7
HESNBLAR

2) AR FHEIN T A e AR 2 TEAAR
TINHE T G AT A — E TR L A DR DO RN 5 KR
HREIE oIk B 3 350 7 0046 ) T (B A A A A1)
ROAERRE T IS R 4 kw7 A A7 AR
AR,

3) S f o3 P 08 R T VURIARSE 42 12k 191 Ao 3 301
T, A KSR R S 3L W 14 = 22 (R, al o
o FE M DX AR AT HE L) IR 207 S LA

S 3k

(1] PR STV B m FE S — 2 3 (1], &R
71l 2009(1) :156-158.

(2] FEifafe. e X 4Bk B0 S AR [T]. ¥4, 1995(1) . 25-
29.

(3] WAMHSR,Z8 W, Bk, 5. AR o 0B 0 W B ) A M
IsEm )], &+ TR, 2020,42(3F) 1) . 16-21.

(4] BRoefd, skl & F 6,55, MK ED R 5010 Rk AR
AWFFTT]. £/, 2023(2) ;209-216.

(5] RUKJK, e o, s Be b 45, JEH X = VR B2 R ™ 2 4 2 I i ot
HAHER [ T]. B L, 2020,36(12) :168-173.

(6] XURHH. kiR FETIRURR M KR M AN i 5E [ D . JERY) .
feduRHE =B, 2020.

(7] FSCHS, ITHGRE R 55, m B AR X 4R R A b iR vk 530
SR SRR EM T[], A 12 S TR, 2017,36(5)
1201-1214.

(8] % &MV, TULE. WRED M E LRI BB T].
+ T 2014,28(1) :91-93.

(9] JANIR. Wk e HEI s F R AR KRR I n[T]. A 4
J& (9717843 , 2011,63(5) :1-3.

[10]  JADR. FEFRASEHE W Er e o5 (D], dbat . dbst
BHERE, 2017.

SIRAARX: T4 ,KB k. SERRBERT NS EHT[]]. 7b
T4, 2024,44(3) :11-15.



