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Review on the research methods of tailings dam safety

LIUD:, LI Junping
(School of Materials and Mineral Resources, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract : Tailings dam safety research can provide an important theoretical basis and technical support for the safety
supervision on-site. Extensive survey from the tailings dam unstability mechanism, stability analysis, safety
monitoring, prediction and pre-warning four aspects, and obtains that the applications of tailings dam stability
analysis join to play an important role in safety management and control on-site. The real time safety monitoring
and pre-warning is one of the development directions of the tailings dam safety. The research on stability analysis
should integrate physical and mechanical indexes, monitoring indexes, environmental impact indexes, using fixed
value calculation, numerical analysis, uncertainty analysis methods comprehensively, quantitatively analyzing the
influence on tailings dam stability by various influencing factors, Using stability analysis method rationally and
researching reliable monitoring technology and scientific pre-warning methods may realize the real time safety
monitoring and pre-warning of tailings dam. It will be an inevitable development trend for application on-site of the

tailings dam safety.
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Tab. 1 The method of tailings dam stability analysis and its characteristics

o328 Rk

Ji RN AN R H

s B M L A
popye OBk Sk

R

BTk, EEotk . P h %
LR PN

FEFEP L, nREMERE. 4
TR 4 FRRVE. TEEERE. &

T FEHLA R TS

R B2 3 &) L s A5 R SE L BT
W EMEITE, AFEY
B bR 00 7 S5 P AN B 5

R Y BT 2 G bR i 2R S
A 5E 1, 83 2 50 A
Vs R ERERRRR A
SR HEATIES FTIHE

ST B 4 AT AT R 0
BEVE B A . R 5
FHAR

SR TR FETE . RIE
LRI EE . K AL S 2 5 5
REREEB X R, UK
FRIR LT R INERE 1

HIRB R LAY Ak
MRS, B R ALK
HAH

SrAT R ATINET LR, I 4 AT
P EL I EAR bR . I IR 4
X B RE ko BORRE B BF R
AV T 8 R ) A 083 A A B i

AR, RAT IR E 4 4 AT O T Y . F 5T
BE . WWR-PHENEN AR m, AR R AR

PRV, TR e A 2k AT A S B T 5T 5
FER L AR SR AR R P i, T AR E 1 4



912 [T 7S = S N SN

¥ RERFHEMD H49

AT BEAT SOLOR I R0 e 4 2 T FE 4 A . B A A
NS U7 T, SEE R SR S4B AR,
Wi =AW Tt EET R INB RS R
{LRE 22 7 57 7 3£ T Mohr-Coulomb #E W B9 43 #t
FRY, gk AR GE, R A BR i B AR MI-
DAS 70 #r TR et BRRSED SR H GEO
Studio iy SEEP/W BLH i 37 1 WU 2 il 3 A
HEAT A ) iR B 9 TR 2% 4F T B0 30005 B vk o T s 1
ANNEEDST R ABAQUS BN T 2 4E )0 WFE E 1
SIMTASEI A3 BT T AS ] B TR R R ML R S5 A T I R
W IR E PEAE B, 255055 R A FLAC 2D 4l 4y
BT R I 4 R K B - X 3 8 R IR T 6 VR B A
RSOl XS B R 8 Ak, i
SE T RAT ) SRR A LAY, R FLAC Bl
AR I 7 ARV SR 4 BT R A IR R R E
SRR ORI T A IR 250 5 E O B E—iE
SRAE T TR, RLRLT VAR S A R IEH AT S
AR TE L, B . RIBREE . FoeE &
BT TR A0 . BEK . MR SRR IR T S
TRy AR E M . R E T 4 BT TR N B 9T T
T, sk | wEeAe | skiE R SR TR
WUl SERE Ay M Ok, AT TR E . N EESE ML RN
RNEWHSH, UAINE . BRIEEMEE, Tif
K B S5 25 by 206 I B TR I RO 5 HE B
HEUIERT WM ERE TR TR
SIMTEYE T, R E EOE FOK R A RO X )
FER, IR 0 ERAE HE 2R R B 0 22 4 ) VT fE
Py FEHE P TR I A B0 A
SEFRTTE, AL TR IS AR XU B A 18] 1 & Ak
WL S R I H T R XS W4 PR RS R A
Fellenies J5i%, FH SLIDE #AF#4 T A [v] 100
TR ENE, BT A BB A AT E K m
TR R s sk AW AE ML 55K S
Ji, AT TR IAEAR T T fEdE; E
TRERY AL TS R AL O] SE B A AR, Ay AT T
A IAE AR T00 4 0F T 0 v 52 i 4 55

VL bR o WURR E k4 BT 0 N2 R IR ST L AR PR
SRR I I B R T, SE R R R
1 R P 1) % 3L T 2 6 b 0 S T 11 2 A
AL A, e RS B RN BN K
BEINRRAE, A & A B Bba; BUE 50 %R
HERBARY SR A E S, o i B LR
T ANSZ B T ) @) 4 e ks W T2k T2 %
FMTZHFES K ZNZm, Bo dk. Bk ok
AN R B S iR R YRR R

ABENE, AN B 1 43 A ik T LUk Kb X — B,
i T R A IS E PR AE N 2= B AR A . (H H i
B AN SE 1 23 BT F 58475 LA R B SRR E 1k Y ] &
Sk, RS HUBAE 2 AT WS I SE A A T B
T dabR . RIH LT EE | T e B AF 2 00 Lk
FE PRI 520 R B, fHL ik =2 O0F 4% 2R D 3 AN 1
PERZRE 2 08 . P, T ) Bl B B R AR 2
PR BTAS A T RF AL, B T TR 52 B b i H
) R, OB LLE 3 s ik 4 R ) R ) R SRR 4
FIRRT W SRR A T E T, DERT B
AT IENLRS . TR IRIL. KNS E
LSRN IR TR E TR R R AR, BHEfZm
WTER SRR &R, PHREA BT %4 ERERE,
DL SR T 2 0 30URS 5 1 4 A7 A 28 0 B 3 1 B
SR,

3 Rl H R R PR

JRAT I 22 4 M I R B K g kT v R AT
ZAENKE o EE . EREA, EE . BRI
Bl dme HOT a WE T R e e W B R, iR A B
GEREZ0EW S Y SN F VA R SRS
RN 2z 4 M I oA AR A, 3 [ o A Ak
IR M B S B T B sy AR A . BEE ULtk
RS N RIS ks NN LR S TR R IR & gD
BRK R, A M2 UMW EN T 8 3Lk
B N R AN e A IR R N, 2000 4
VUG, BEE R AR R B AR
oA 2% 3 5 152 A ) B 2 1) A5 ATl is i, Bl AR
SRR TT 7RISR . G MW,
RIM&ME MR, Pk 7R IR
GE, BEMEXS RO UL I 55 bR 2E AT SERF S, AR
DU S R 588, TR I AR R KT B T AR
SCECY. HurdkE Rem e 2 WNER EEA R
ML, FERAL, TRERE ., MG . B4,
(RO By “ARIIE =f AN RARTIE s S ET - & AT 1
. OMZELE . R Bl RS ROR, WSk
BUXE T B A M 00 K A B S SR AR L R AR
il 5 WoR, ¥4 8 — A 58 B 8 U I B R
k&R

PERER D B AR . AR EREBOR L TFEHLEOR
BERARE BB AR AR, BRI
) 2R 9 A A A1 7 TG VT S B A% DN 98 B B 4 B B
b, SE PR ERE BER I . ZEERAE T, H AT
BB T B R AR iE, X T Sl
R Ak B ) R T a7 B0 A B, Rl I ) )RR



55 6 X, A RATING AT kR 913

BT SRS I B R B RS R IR E
AACAFAERLEE . B, LURH 30224 s 0 B4 ok 4
Mrxrge, LI R BE 23 A b S b T B, R AR E 1k
TSR 5 S B BT 2 SR A2 S, 2 ik
R P bR AHME I 48 bR 2 8] B SC R AE,  LAIE AR
A I A T oy A AR A, SEBLEE T SE I U
W A" IR E P BT 5 2 A U, KB REA Bl
F) XU D i 2 42 o] A3 o 2 ) DR SR AR Hh

4 BUIREFMMNRET EZFHARIK

4.1 E¥IZETNFTERFTIAK

UEAESR, TR I A P 7l BB T —
SRR . ERSE S I 7 ] U5 o AT AR,
SIRTING . R AW HSM SRS Bk E
RETEZ BB N AER R R, R SPSS i it 3
TSR AT REE ;. EREET AL T KR
lia) S5 AL o] O FT00 AL AR, L BT e A Ll T AR
TR | KL A SR I T ) 90 R 43 T AR AR
TR e R I B TR B PR s Bk
BRGNS o3 BT 5 e IR el IR 3, i £ K
LIS 7RI LR, al AT B K 5 Y
R IR Sk BEAT R M 4 AT E ks A A
FHALLSE S 23 M7 1 it VR A U B oh i R . YR TR A
T AR AL LA, RTINS AR
Bk I T A RS 0 S T E 1, DL A7 B8 M
BOHE S 23 B RS G S A TR AR g I Ak o
(R AERITIA IS R B2 5 LR - S i I TP U
TERE S 51 vp 2 590 B2 0 00 v A Bl ik . 2 A
31 (U A T T 28 AN K 2 J5 I F ) 24 50O 1 2 4
BEAELTE 45 oK %8 (5t 30U 5 B 3 T 4t UK 1 o Y
I, YR A AR T T IR AR AR .

PRAES LI R L BOKAL, R, TG
JUAS S0 M0 A o 2 BT AR, i or 1 AR MR
AT SCIl A B 2 A 248 R, R T R 4 A 2 4
A, WU TR R Y TR 45 R A 5

LEWRIE R H gt it b, s o505, M
S se o A . WRETH . RO REEBETTE,
DUR B . 24 R %0, IEAL A . FHok 4w
REPE AT 25 RSB T RO iy 2 B, o F
AR W R 7 —E AR VE AT . 7R H T
CAR 2 KA N, Xh T30 I 45 b i)
T LI IR R O T, N A R B SE
B, aT DUAS % J8 R0 W B 7 5 46 bR 00 A4S 1
SENE, A T 22 A 22 B0 T R {5t 00T @
HTF2YE s 2 E AT E LR 2, R
e Py M 2l SR AR =5 B BT fk, B LA %
JEREAT NS 1) 2 ORI S I 2 8O AN 1, B FE 43
FIRRH Y B 2 15 bR B A T VR, AR Al
b, R ARE T FE bR T 45 R AN R AT I A X
frdabrik 205 k5 T Bl V.
4.2 REolZeMEREARAK

A I 22 4 15U R LR AT 3008 17 3 1) ) 42 4
R A REa, LB Ab B O R R B, K E R
Bro iHE S AT R N T R AT B 4T W o b
HRARMENE S, W TSI Z RO A EER
HCEAER, BEERAeTUEMIS KR R HAERAT
Folb N I RNBE, RO R 2 E &k
AN Mt I E 27 2 — . HATE R0
TATUE IR AL, W O R IR E M T
. WMNBE S HUES 328, BiX 3 KEH I
GAAPWE IR R ik O IR S N R
AL 2.

*k2 EBUUZR2WMEFERFER
Tab. 2 The method of tailings dam safety pre-warning and its characteristics
R Ik J7 14 7 R
AW 43 A S PR TR LR 4 AT S PR 0 £ RE P Y S e R
FRE LTS  ARBRE PR BfE ik s FEEM S, RIEZSE WTRERBOTELR, KIEMCHE

REHAT I

Gertordr . ARG A EE
Rk B

s

FUR RO MW S
HOF H B BB

DR (B ) 73 TUE R 2

TR, WRIEL . TR
B SR RS S5 A KR BEAT AL B,
i B E T B B B A O RLAR SE B
]

3

T R I 2 A T

U
i
&
i3

ANl RE 43 4T T7 1

WEFTIE I B o 5 0 e X, S ST 2%
HYERA IR 2T R R,

Rt @Ry Mg

LB R R




914 [T 7S = S N SN

¥ RERFHEMD H49

feE EW MR r |, R HT
T AR AR HRE I R AT IR E TR, 4y
BT 7 AN [E]IR i 2% BE ) 1) 2 4 IR E PR oL, LA
RN B TR bR, DL 4 R AR 0 % 55 9%
SEELT BN . S BT, R
T2 2 M 00 B 4 A o A 6 S, ST TR A I A
AY, I T AR S B W 00 AR A R SR Rl 43
S, BT RO AT, WY ST
RATRMBLRL, SCBL T IR 1 28 2 B 7% Ak
AN SR T M R R T R R T R 0
TR, R 2R R 5 S ROREAT R 2T
o ORGSR TR EIE, SR TR 4R BT
TS e g 2, S B A AL A B B R
FEVEET =4 GIS BRI RS, LI T
TRGLRS | IR 2 3 K AL AIK A 5 55 2 801
i HEE B BRI R TR M
AWM ARGEWIIRE, HHI0 T R A % BRI
Qo ESSR, UIENRE ., TlRKE, RIHL
MR G5 SR BUE AR bR b AT 2 A U ) 7 R
G GEBUEMI T E, RS20 MEE K
SNESR . BMARMANRESATHRMFL L, U
BEBIR . BOKIEB T, R R EAL S 3 J7 i F
WO AME A — R AE PRI 73 A, S T RN
EHUERRE R, IKEBEERO AR, 257
BRIV . SEitHUE | R T S U B 0
Fe WU S 20 00 4y 7 v s BB BHESED R 0 A
Th L TR . AR NAWERSE 4TS
WA TR ERFR RN R, @ 7Ry M
DR FUE fabrtk &, JF0E 1 & A B0 45 bR i B
EIEE, AR IIEIT R b0 58 A 2 4t T
(SR

BeAh, BEE R AT 302 4 s I 5 A Y H i s 2
—E RO IR TR T AR AW B RN
WERG, d—Flen rAGLZE2EENGESML
IR HSL L K ZigBee TR BRI E R
U A I, SCBL T IR R . IRIL. T
W KDL WU R T 5 A SN e R 5%
i, JFTEMCEER bR R TR A TUE A, KT
PIE 5 A28 2 210 . XIER BT RN
TELMEN R SE, DR TR NI HAIF RS, €
BB AR R G, SCIN R A TR
MM, RIHL, WE., BiRE. FALES
B ME R, WL S RO D B d O R g i

28, JFR&EE.
B BLIZ W R

LA b2, RAT U I B H R B9 N TR
A MR i 7 e oy B B AR A, T H AT R
TR B0 T 7 ik LB R B AN M 00 R A 4 AH S5C L
O B E R A UEAT BUE, iR AL BUE KA
TR . SRR T AR, BOR AR E MRS bR S U
EbRZE G, LI ik s e U AT A T,
ZXTFE LR REZ 2 M, R E =TI E
PedEtn 5 R IMRAS BN T Z M SRHRC & . A
e, MR M BEMIE, STEAeaRTY
HApEsabe . WSS, HEZ 0 HER, € &5
P 2RI brod R PR HE bR 2 R RR B, MR A
MBS S ke R . AT, BREHSELRNR
N TN ST I BT %/ B At B DE=R a1 DN o i
LRGSR S T B AR, LI se Bl Koy & B
YR B0 FIUE 40 A7 R R AT I A TUE I T Bl
57 00 8% S B

G EDRE, WA TR

5 #Hit

(1) A AR E 3 A7 b T e 40k . el
REPLEMT R L S ERT RN B2
FAYERIATE T, M0 5 I8RO Y 2246 hr |
W e bR . BRI R, DL R S E 1
SE B4 AT BCR PR AR A 0 TR IR E R ) 5 R
FREE, REEZ BT A 6 00T R AT 0 2k A5 78 Ak ML 1
TG REERERRREX.

(2) 55 BB ARG 1k 20 M7 O iR AE R I 2 4 0y
P EREE . RO IREES T ikd, RIRP
i . BB BTV 5 AN 0 E R 43 B vk A AR
ARG, fE DA SC e, R AR P 7
I ) RS () B BATAE M . B, JE0H B3R
P E M o A SR AT E Y, UL E TR G
A, AAS . ER ORI E Pk AR AL
HEAESE b N o 5 EL O

(3) nl 52 M 5 b 2 U 65 0 o R4 I 22 4
S S Ry . AR ] AR 2 A M R R B S
T, WERAIN L A HUE SRR EIE, M R AT
BRBEIEIR L ITEE R, afREtksi. &
THo T SR o M S DT ik, A PR AL P 4R b
P o, BRI o0 VR AT,
Xk AT AT %2 A RS B4 S I A 0 5 s o), AR B
Y2 B R IR IR



55 6 39 X

S Ve R WS RS2 U

STk References

[1]

—
(2]
[}

RICO M, BENITO G, SALGUEIRO A R, et al. Re-
ported tailings dam failures;a review of the European
incidents in the worldwide context[J]. Journal of Haz-
ardous Materials, 2008, 152(2):846-852.

SEED H B. Evaluation of soil liquefation effects on
level ground during earthquake [ C].//Liquefaction
Problems in Geotechnical engineering. Philadelphia;
PA ASCE National Convention, 1976.

FOURIE A B, BLIGHT G E, PAPAGEORGIOUS G.
Static liquefaction as a possible explanation the merris-
pruit tailings dam failure [ J ]. Canadian Geotechnical
Journal, 2001, 38:707-719.

ZANDARIN M T, OLDECOP L. A, RODRIGUEZ R,
et al. The role of capillary water in the stability of tail-
ing dams [J]. Engineering, Geology, 2009,105(1):
108-118.

VAEZI G F, Sanders R S, Masliyah ] H. Flocculation
kinetics and aggregate structure of kaolinite mixtures
in laminar tube flow[]J]. Journal of Colloid and Inter-
face Science, 2011, 355(1):96-105.

s fk, X E R . BT R — BRI R
ISR L U N RR T[T ). v e 2R R,
2012, 22(9): 74-77.

HE Xueqiu, WANG Yunhai, MEI Guodong. Study on
mechanism and forecasting criterion of tailings dam-
break based on the theory of rheology mutation[]].
China Safety Science Journal, 2012, 22(9). 74-77.
HOR, PN, BLE . R IS B AL B A T[T ],
W e e R PR R, 2008, 4(5): 8-11.

ZHENG Xin, XU Kaili, WEI Yong. Study on the dis-
aster causing mechanism of the tailings dam falling
[J]. Journal of safety Science and technology, 2008, 4
(5): 8-11.

AW SRGEL, EXHE, S . R ATIE ISR 48 bR
R BB PR AR 5T [T ] KP4, 2009, 40(8):
989-991.

LI Quanming, ZHANG Xingkai, WANG Yunhai, et
al. Risk index system and evaluation model for failure
of tailings dams [J]. Journal of Hydraulic Engineer-
ing, 2009, 40(8):989-991.

MBI . B 38 BT R EM BT EARBTD].
J7M AR TR, 2011,

LIN Shubin. Critical technical problems research in the
design of the Baishizhang No. 3 tailings dam [ D ].

Guangzhou: South China University of Technology,

[10]

[11]

[12]

[13]

[15]

[16]

(17]

915
2011.
A S EBE R AR E Pk B wF 5[ D],

WP B K2, 2010

XIAO Hui. The stability analysis and reinforcement of
Xi Ye Shan tailings dam in Jin Shan Dian[ D]. Wuhan:
Wuhan University of Science and Technology , 2010.
. RUEETEIEINE T AR [D].
Kb Rg R, 2014,

HUANG Wei. The stability analysis on elevated and
expanded Wukengli tailings dam[D]. Changsha: Cen-
tral South University, 2014.

SRR, BT, FERE, & OKRERERY NG
RBWHEAME S]] &2 15, 2015, 26 (6):
973-9717.

CHALI Junrui, LI Shouyi, LI Kanghong, et al. Nu-
merical analysis of seepage field in Mijiangou tailings
dam to be designed to increase the dam height[]].
Rock and Soil Mechanics, 2015, 26(6):973-977.
RABHE, T)7W . BT R 5 R 0 R 0 M0
FREM]. U7 LEFERRFZHRBARFER),
2013,32(5):602-605.

SONG Chuanwang, YU Guangming. Stability of tail-
ings dam under coupled stress and seepage field[]].
Journal of Liaoning Technical University (Natural Sci-
ence), 2013,32(5):602-605.

MR, =g, ket . BERX R LR R IR E
s )], AasResE TR, 2015,6(2):
94-94.

CHEN Cheng, CHENG Sanjian, ZHANG Liang. Sta-
bility analysis of tailings dam in view of rainfall[]].
Nonferrous Metals Science and Engineering, 2015, 6
(2):94-94.

AN T BAER . R ABAQUS X @il ER G
WHE R R R EE A AT [T ], [ i 1554k, 2013,
33(S): 306-312.

RAN Xiaoxiao, WAN Ling, WEI Zuoan. Numerical
Simulation and stability analysis of Yuzuzha tailings
dam by ABAQUS[]J]. Chinese Journal of Solid Me-
chanics, 2013, 33(S): 306-312.

R, T . IRIERIRE R R R E 4 4 1)
Mg [J]. o 2 A A PR R R, 2011, 7 (1)
20-23.

LI Liang, CHU Xuesong. Study on the effect of phre-
atic line depth on the evaluation of slope stability for
tailing dam[]J]. Journal of Safety Science and Technol-
ogy, 2011,7(11):20-23.

e, B, SN . PR b AR R A 5y



916 o @ s R R F % REBARER) 9549
W SEEAERLT]. &0 %5 TR2ER, 2014, 33 ZHANG Yuean, ZHOU Keping. Sensibility analysis
(6): 1158-1167. of saturation line depth to tailings dam stability with
LIU Yang, ZHAO Xuetong, WU Shunchuan. Analy- Index satisfaction degree [ J]. China Safety Science
sis of static liquefaction and numerical simulation for Journal, 2013, 23(10):93-97.
tailings pond under high deposting rates[J]. Chinese [25] #wRZE, MEZ, B, & . By EiaE sy
Journal of Rock Mechanics and Engineering, 2014, 33 Hr A DTl B2 R i [T ], B RS2 (3 R B2
(6): 1158-1167. BZ), 2011, 42(1): 164-167.

(18] sk, X, RN, % . RTER - EELME0 2y DONG Longjun, ZHAO Guoyan, GONG Fenggiang,
HUAYRE IR ML 047 [T ], &+ TR, 2014, 36 et al. Interval analysis model of tailings dam seismic
(8): 1473-1476. stability and its application [J]. Journal of Central
ZHANG Duo, LIU Yang, WU Shunchuan. Failure South University (Science and Technology), 2011, 42
mechanism analysis of tailing dams based on coupled (1): 164-167.
discrete and continuous method[]J]. Chinese Journal of [26] FHE. Bo e 4 WA e IS 8 00 031 & XS
Geotechnical Engineering, 2014, 36(8): 1473-1476. PR BARBEFE (D], KIE: Hrdb k%, 2014,

[19] EEH, Bl de i BUE AR N 5T [D]. WANG Xiaoxia. Research on uncertainty information
FIE: AR FEIE SR, 2012, processing and risk assessment in safety monitoring of
HUO Ziwei. Study on numerical simulation of the tail- tailings dam[ D]. Taiyuan: North University of China,
ings dam failure and its application[ D]. Shijiazhuang: 2014.

Shi Jiazhuang Railway University, 2012, [27] BRaZe skif, Sk, % . By mbiaEm{i g

(20] SJei, Wa%, &8, % . RO Uik o3 S fasE BEZ2AMIT] P R¥EER(BAB M),
éﬁﬁu] I“FIJU:P*;%%& 2015, 32(2): 28-31. 2008,39(4):635-639.

WU Longliang, HUANG Song, JING Jing,et al. Dy- CHEN Jianhong, ZHANG Tao, ZENG Xiangnong, et
namic stability analysis of the tailings dam under spe- al. Slope stability simulation modeling and safety anal-
cial working condition[J]. Journal of Guangdong Uni- ysis of tailings dam[]J]. Journal of Central South Uni-
versity of Technology, 2015, 32(2): 28-31. versity ( Science and Technology), 2008, 39 (4):

[21] bk, 2 e, % . BUKTOL TR FER L 635-639.

AR AR EE T[T ] ERRF R, 2010, 33 (28] skidesg . J T 22 00 2% i) 2 4 30UER 5 12 VT 52 38 40 T K
(3): 72-75. K FEEID]. B BT K%, 2011,

YIN Guangzhi, LI Yuan, WEI Zuoan, et all. Regular- ZHANG Jinjia. Reliability analysis and influence fac-
ity of the saturation lines’ change and stability analysis tors of tailings dam stability based on Neural Network
of tailings dam in the condition of flood[]J]. Journal of [D]. Kunming: Kunming University of Science and
Chongqing University, 2010, 33(3): 72-75. Technology, 2011.

[22] sk, &M, IRTW . B IE2E V00l 58 & 43 0 [29] E Rk . BT AWE MBI R0 IR E o i B 45
(1. &35, 2004, 25(11):1706-1710. FIEH D] KV PR, 2009,

ZHANG Chao, YANG Chunhe, XU Yawei. Reliabili- WANG Feiyue. Research on stability analysis and
ty analysis of tailings dam stability[J]. Rock and soil comprehensive assessment of the tailing dam based on
mechanics, 2004, 25(11):1706-1710. the uncertainty theory[D]. Changsha: Central South

(23] B3, TR, XA . RN A2 1 B s [ University, 2009.

FZHURE S]] ARas)E (F i), 2009, [30] YU G M,SONG C W. Applications of online monito-
61(4); 41-43. ring technology for tailings dam of digital mine[]].
HUANG Yinghua, XU Bigen, LIU Xiaolin. Study on Transactions of Nonferrous Metals Society of China,
the slide stability of tailings dam and sensitivity analy- 2011,21(3):604-609.

sis of influencing factors[J]. Nonferrous Metals(Min- [31] Z&=HH, =K, B . iR E 24 Wil a3

[24]

ing Section), 2009,61(4):41-43.

sk, ARRE . RIE MR R AR E i HE bR
W R AT )], R, 2013, 23
(10): 93-97.

WK EHT =T
(1):99-103.
LI Qingshi,

o ST R E 5 B G A AR, 2011, 22

LI Shulin, CHEN Jijing. Discussion on

the situation and prospect of safeguard for tailing pond



%6 X, S RO ETR T iEGR 917
[J]. The Chinese Journal of Geological Hazard and [39] ZLUBWR, FIoid , F445 . FOA ik GRNN R4 1 B
Control, 2011, 22(1):99-103. TR (T, o E R R E A, 2014, 10

[32] Frowl RAGHE, ¥ T, 45 . RO I TRl % (8): 39-43.

AWSIIAE B AL Xk BRETT ()], 2 TR, NIE Nana, WANG Yingbo, WANG Mingze. Safety
2011,33(S1).49-52, prediction of mine tailing reservoir based on FOA-
YU Guangming, SONG Chuanwang, WU Yanxia, et GRNN algorithm [ J]. Journal of Safety Science and
al. Engineering characteristics and key problems of se- Technology, 2014,10(8): 39-43.

curity monitoring informatization for tailings dams[]]. [40] £EE FHEEV\]ﬂ(TJ_XT A AR T S e 43 BT B
Chinese Journal of Geotechnical Engineering, 2011, 33 W5 [D]. B REEB TR, 2010.

(S1):49-52. LIANG Xmgxmg. Research on analysis and pre-war-

[33] Flk, ek . LTSRS 1555 (SPSS) vl 191 ming for the influence of water level on the stability of
ST R RSN RI [T ], P E e 2R R, tailings dam [D]. Kunming: Kunming University of
2008,18(12): 35-39. Science and Technology, 2010.

WANG Shu, CHAI Jianshe. Accident prediction mod- [(41] HFT T, 20, e . By MR ELmEwRT].
el for tailings reservoir eased on regression analysis of A )m (F71ILE ), 2014,66(4): 79-82.

SPSS[J]. China Safety Science Journal, 2008, 18 LEI Dingding, LI Longfu, XU Qiaofeng. Study on
(12). 35-39. early warning of tailings dam saturation line[J]. Non-

[34] E=iE, 200, 25K . B I 2500 15 58 70 ) L ferrous Metals(Mining Section), 2014,66(4): 79-82.

HREA B TR E (1], o e e e e B bR, (421 MOBAHG . FRETHURIN SRR I A B R ] ).
2009,5(5): 9-13. A G m (LS ), 2013, 65(6):66-70.
WANG Yunhai, LI Juan, LI Chunming. Research of SHI Songmei. Research on early-warning value of sat-
selecting the training samples for the infiltration route uration line monitoring for tailings dam in flood season
prediction model in tailing[J]. Journal of Safety Sci- [J]. Nonferrous Metals (Mining Section), 2013, 65
ence and Technology, 2009, 5(5): 9-13. (6):66-70.

[35] E Wik, bpfdls, thak i, & . TR LN R [43] Z=fi . Wﬁi”1$$ﬂmfiﬁ,ﬁ§k§?J LRIV R
WS BT[] ). B 1%, 2009,30(3) :840-844. [D]. K& RIELGERY:, 2011,

WANG Feiyue, YANG Kaiteng, XU Zhisheng, et al. LI Hang. Study on the stability of tailing dam and dis-
Stability analysis of tailings dam based on saturation aster early-warning mechanism [ D]. Dalian: Dalian
line matrix [ J]. Rock and Soil Mechanics, 2009, 30 Jiaotong University, 2011.

(3):840-844, [44] $IM, $E . RFREAEHNRTINRIHETE RS

[36] FEokshk,skdkF . 55T AHAKL M R B IR A4 i [J]. HHEHLITRE L Bt 2011,32(6):2197-2200.
i srar (1], b ERAE R EFEIR, 2012,22(12): HU Shan, HU Jun. Tailings dam saturation line early
70-75. alarming system based on grey system[]]. Computer
WANG Yonggiang, ZHANG Jichun. Tailings dam- Engineering and Design, 2011,32(6):2197-2200.
break debris flow prediction analysis based on similar [45] ARETAS R AT0G . R A 30T, il 4 il A D0 0 1
tests[J]. China Safety Science Journal, 2012,22(12): W ET]. KEBES/KTRESIR,2014,25(4) :65-68.
70-75. LIN Xuesong, CHEN Dianqgiang, HE Feng. Calcula-

[37] XR#e Bl BRAEZ: . T GM(1, 1) BRI 5 tion of monitoring warning value of tailing dam’s seep-
WEEEMBTN[T]. 24 585K T#, 2013,20 age line and dry beach[J]. Journal of Water Resources
(1): 143-146. &. Water Engineering, 2014, 25(4):65-68.

DENG Jing, SHENG Jianlong, LI Juhong. Vertical [46] RAZWE, T/ 8,278 . EF R/SHHriki e mim
displacement prediction of tailings dam based on GM PR E IR [T]. TR 5IF %, 2014,34(6):
(1,1)[]J]. Safety and Environmental Engineering, 41-43.

2013,20(1); 143-146. SONG Chuanwang, YU Guangming, LI Liang. Study

[38] ik T, XS BEF, 55 . R i 0B 85 XU BG: L) on displacement tendency of tailings dam based on R/S

HESEBI BT [T ].
550-554.

NIE Zhidan,

WE R 548 AR, 2014,37(120):

LIU Jian, CHEN Ping, et al. A case

study on environmental risk assessment method of
mine tailings collapse [ ] ]. Environmental Science &.

Technology,2014,37(120) :550-554.

[47]

analysis method[J]. Mining R & D, 2014, 34 (6):
41-43.

WEL W, ERE . KR R RN HER5 kR
WS lI] P2 2RSS, 2013,23(12):
146-150.

HUANG Lei, MIAO Fang, WANG Mengxue. Desig-



918 o @ s R R F % REBARER) 9549
ning and setting up a monitoring and early warning MEI Guodong. Research on mechanism and online ear-
system for tailings ponds in a region[]J]. China Safety ly-warning method for tailings dam failure[ D]. Bei-
Science Journal, 2013, 23(12):146-150. jing: University of Science and Technology Beijing,

(48] H &M . RO AL 2 W HAR T H U I kT 2014,
[D]. KF HMKE, 2013, (53] BHWRH, E=E, sk, 5 . B R XIS 58 bRk
XIAO Shengbo. Tailings dam online safety monitoring ZEEIL[T]. P EZLR AR, 2008, 18(5):
technology and study on its early warning method[D]. 167-170.
Chuanchun; Jilin University, 2013. XIE Xuyang, WANG Yunhai, ZHANG Xingkai, et
[49] #l% . R FEAE 4 2 4 W5 I & 702 5 4k 4 R BF 5 al. Establishment of regional pre-waning index system
[D]. R s EHUT KR, 2010. for tailing reservoirs[J]. China Safety Science Journal,
YANG Bo. Research on the key technologies of tail- 2008, 18(5): 167-170.
ings pond online safety monitoring and pre-warning [54] FIrZz . T ZigBee F AR B R A" I 4 22 4 W I 75 2
[D]. Wuhan: China University of Geosciences, 2010. AWM S5kt [D]. KIE: KREMT KRS, 2011,
[50] =, EBolle. M5,%. B EENBEES %R ZHENG Lian. Design of tailings dam body security
oMk ERSRSE[]]. PEZER ¥R, monitoring and early warning systems based on ZigBee
2014,24(8):158-160. technology[ D]. Taiyuan: Taiyuan University of Tech-
LIAO Wenjing, HUANG Pu Kailong, HE Yi, et al. nology, 2011.
Integrated real-time monitoring, analyzing and analy- [55] XUiE5®, B 30w . 2o 7E & WM Wi R 5 7E 4l kg
zing pre-warning system for tailings reservoir[J]. Chi- TEnaLRT ENMHT]. SEME S5E4 TR,
na Safety Science Journal, 2014, 24(8):158-160. 2014, 42(1) . 49-55.
[51] REZ WEK . B« 5k R &0 57 LIU Zhengqiang, LUO Wenbin. Application of safety
se(T]. /o1, 2014(12): 198-202. online monitoring and early warning system in Xiyes-
WU Zongzhi, MEI Guodong. Study on early-warning han tailings dam of Jinshandian iron mine[J]. Metal
system and method for tailings dam failure[J]. Metal Materials and Metallurgy Engineering, 2014, 42(1):
Mine, 2014(12): 198-202. 49-55.
(52] MM . R A v 0UPL BE K AE 26 W D) 01 % J 12 Wk 5% e .
U N (HE W P
[D]. Jbut: btk K5, 2014,
(E4#% 874 70
[8] kEiH: . WWHE BHIEEREKKBHAESEEFR ment structure [ M ]. Beijing: China Architecture &
[D]. 1 ¥ K2,2017. Building Press,2009.
ZHANG Ruihai. Ecological construction of traditional [12] 738 . IEIE BT se L4 R E B & S % (8] 21k 4
settlement water environment in hainan island [ D]. B N AT [T ). /N A 1, 2011,12:73-77.
Haikou: Hainan University,2017. SHEN Yao. Application of quantitative analysis of ex-
(9] M. I RRBESHESHEN (D] 0 K ternal space in traditional residential settlement based
=#,2015. on graph theory[]]. Development of Small Cities &.
XIE Dan. Study on spatial morphology of rural settle- Towns,2011,12,73-77.
ment in northern hainan[ D]. Haikou: Hainan Universi- [13] iz, & B#,9k08 . oM RIER R Tl 2R R%
ty,2015. WIS —— DL & A B [T ). T Kk (B R
[10] Z—N. BHEFEEE SIS HT M. b E#H Tk FHEERR) ,2014,32(2) :171-176.
H R4, 1994, WEN Yun, ZHAO Shubin, ZHANG Juan. Changes of
PENG Yigang. Analysis on the landscape of traditional rural landscape under rural tourism development
villages and towns[ M]. China Architecture & Building Take meishe village as an example[ J]. Natural Science
Press, 1994. Journal of Hainan University,2014,32(2):171-176.
[11] EWy . BHEBEEE PO EBEES[M]. Jbnt. drE

BTl R, 2009.
WANG Yun. The concept of space in traditional settle-

(h#E RXE®)





