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Mathematical model for breach of tailings dam due to overtopping and
its application
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Abstract: Based on the non-equilibrium continuous equation and momentum equation for water-sand mixture, considering the
impact on the variation of sand volume concentration due to the change of breach slope and bed, a mathematical model is
established to describe the breach development and drainage process of tailings dam. The mathematical model is employed to
simulate the breach process of a tailings dam. The calculated results show that the volume concentration of tailing sand changes
greatly during the drainage process. At the early stage of drainage, the main part of the discharge materials is water, and the
distribution of sand is mainly suspended load. At the later stage, the main part of the discharge materials is sand, and the
distribution of sand is mainly bed load. The drainage process stops while the bed shear stress increment of discharge materials
is less than the critical shear stress of sand.
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Fig. 1 Cross section of breach
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Table 1 Parameters for break process of tailing dam
N R i Wige LR TE B8 BIgREE AREE R 2T RY
(kg'm>) /m /m tt 424 /m R E/m B & /m FR/% G AL
2265 98 70 0.5 0.4 90 1.1 10 314 0.020
2T R dso PR SLBE FEN fang BN RUEAKAL RUERGE REREES
CR3O /mm Yo} R /kPa /m /m e 5 /m 5
0.020 0.175 2.65 0.376 0 0.5 97 0 470 0.0018
0.195 Pa. WIMKAESE 14 h, o) HZT o ff, bt
=R A PGS, Tt st D BT 3L I 4 B .
2.1 WEEH

KPP A S D R AT S B Y,
R IINITFRE 3290 m, I 32 m, Hm&brm
3356 m, S 98 m, DUHETFEFE 3366 m, M THHK: 90 m,
%70 m, LUEMELE 12, RUEEL 1025, HHU
AR BRI, SERN 99.81 i m’, HRER
N 84.84 Jim’, EWNEF W EKEN 20.7%, HRIE
N 96.4%. BBEVIGHTE RN 1.1 m, %% N 10 m.
BT SHEIUE MR 1 B,

F 75 26 (PO 5 A R PR A o R AT K ST Ay
T EZE N AR, 2R B RSV () 5 B K
W, [FIES R SRR L 5 R R RIS A
BEELW, STERGED, BT EHNKIRE - B
T AR S R OR BT I FE T H . B X R T
AT JE 2545 R HEAT BRI, [ B &35 4 45 o 2 A0 B 1 22 2% oy
LAt E 7%, BBKIRERRR 0=74.9, m=0.3956,
MRYE PRI oL, Bt NER R R K 3 By
7No

4 8
Firt/

B3 NERETIE
Fig. 3 Inflow process
2.2 WEERSR
B RITIG G, B DR R, Wt
B ) BT, WHIURZE 6.7 b ol MAE
1121 Pa KFZM ZIMIG S BY R 77 1.120 Pa, piidid
REJTUR, Wt BWIAER, BEUAAE 7.3 h &, BHK
LR, ElERE RV WHERRAE T, B R
AR, URETIG SR BYRT) v 52T ) R S ek 2

181

[y
(=)}
T

—— 7;,;

_—
[ 5]
T

BYRLF1/Pa
N AN O

16

E4 BEHTERE
Fig. 4 Variation of shear stress

AR FEFFEE 150, 78 7.3 h iy, BRI K AR
I, Pt R AR O, AR B 29 7.53 h, dt
Wi BN 16007.84 m'/s, TtdINSE oK R R AR 78 m,
BOHUHT M R B BIRENE K, B RS R
fiX, BOREFRELE KRR, BIKAE 6.7 h )5,
RN B KB, N R R IR
K, wiHURAE 7.3 hjGE, Z Ny, SOk
AR, RiERERET RN TR, B0
AR, [E R R R S B R T, i
MEFEEEN W E. 5K BERE & & 2K

RE mENE S, 6 Fix.
100

90
80

B
— RO AR

E
m60—
) 50
%40—
30
20
10

16
BIFR M
E5 mO&RTE
Fig. 5 Process of breach development
N T PR E I R b R K A R A AR
L, SallE KR R ELREE 7, 8.



936 A L EEE 2017 4
18000 - 030
16000 [ T
T,, 14000 - 025
“g 12000 - i
3 10000 - % 020
& 8000 ® 015
O 6000 )
#5 4000 e 0.10
2000 44} 0.05 1
0 4 8 12 16 L . !
BT R /h 0 0.05 0.10 0.15
. . N BT /h
E 6 KEEEYIRORETE
Fig. 6 Breach flow process of water-sand mixture 10 BIEAEN W AFURE T
Fig. 10 Change in volume concentration of tailing sand at early
4000
3500 F stage
L 3000
£ 2500 0.7866 -
g 2000 0.7864
T 1500 "
# 1000 [ 2 0.7862
500 £ 0.7860
&
0 & 0.7858
4 8 12 16
BEFIRS 0.7856
e st 7 0.7854 ' ' L |
7 KR O R ENE 73 93 113 133 153
Fig. 7 Breach flow process of water BHUFIE /M
14000 - " B B FFIREE K
~ 12000 |- Fig. 11 Change in volume concentration of tailing sand at later
T, 10000
“E 000 |- stage
® 6000 - H1& 10 AT LA HSINIDTAa iy R i
£ :ggg I RIS, B RSB A KLU, Bk
- - - FEZME TR, BB EE, X T KR
0 4 8 12 16

BB/
8 BH WRORELE
Fig. 8 Breach flow process of sand

H1&l 7, 8 WA IR AL A T KR &Y R
WM ARBGR AR TS OL, WE 9 s . R ARk
FE i MR 2w B A A A A - i, T L
ZERREUR, N T BRGNS BT W RIR D K
10, 11 KBRS,

0.9
0.8
0.7

06

% 0.5

g 0.4
0.3

E 02
o1l

1} 4 8 12 16
BT /b

9 THYFETHHERIREEN

Fig. 9 Change in volume concentration of tailing sand

WEEK, B RRE LK, B R A 0.06 h,
0.06 h VLG BH R IE—E4EHF 0.01%LL T 7K,
HEBRIGS AT T 7.3 h LIS, B WA &
A GE H 0.01% T3 78% LA L, B 11 w1, 35
Pkt 7.3 h LG, BN WHREDEWI AR, EE 7.8h A
i, R IREMX RS, N FIR AR T
WEPRE, HBTREMESER R, RS
YESe il Bk, e, B
WO MR LR HTRE, 15 h JEEAN IS AR R
) Fa PV K BE V4 JBRT PEREAT T 18 T S 4 B A
BRI, WA TR PERHE R, SRR, R
W BT, R B AR AR A
RK, WO NMRTHILUKC N, BV & ERIKA
DB FIsshiNE; FEHFEURTYRNE, KOG
B, B LERRESI N, WHRRSE RS
ASCVH IR BE AR AR & o

3 & 1B
AR SCHET AT AR A 7 R A B B



5

X2R, S RE PRI A S R 937

REGE LI A I8 TS B A A, w25 F8 R 5t
U FE rhist 11 R RS PR AR A R st T k) b R 04
PR B IR0 SRR i LS I R ) T R AR R
W, R BRI R b N M A BIR AR AR K, B
PRROMA ST AR K st 1 i R 5 R
RTILLK O E, RS B RR H UL 82 iz sh A
xR EEURT R N E, KEEERIK, By
PAHERS iz 2o 3, 24 M) R BT Ny M TR
BRD RSN I S BT R, SRR AR AL AT
JEW I RN Wb FE AR (1 A 2R it I B A A, f T
A BB B FUA R A T i
FOR AL AR, IR 6 T A P ot Bk e 2R AT
RATILE

SE -

[1] AQ 2006—2005 J2H" i Z A ARFFE[S]. 2006. (AQ 2006—
2005 Safety technical regulations for the tailing pond[S].
2006. (in Chinese))

[2] AZAM S, LI Q. Tailing dam failure: a review of the last on e
hundred yeras[J].

31 ZfE®, (RHTE, BE&AE. BV EZEHEARM]. b5t fi
2= T AR A, 1996. (LI Zuo-zhang, XU Ri-sheng, MU
Lu-sheng. Safety technical regulations for the tailing
pond[M].
Chinese))

Beijing: Aviation Industry Press, 1996. (in

[4] SLADE N, KUYUCAK N. Tailings thickening to reduce
impacts on water resources[J]. International Mining, 2009: 2
-3.

[5]1 RFEZ, WEM. R BRI 0 KSR AT L],
b [ 224 BE2E 2R, 2014(24): 70 - 76. (WU Zong-zhi, MEI
Guo-dong. Statistical analysis of tailings pond accidents and
cause analysis of dam failure[J]. China Safety Science
Journal, 2014(24): 70 - 76. (in Chinese))

6] EXu, 3 P, PREIH R PRSI KRR 1], L
FEEW, 2009, 41(5): 35 - 41. (WANG You-wu, YUAN Ping,
CHEN Ke-jia, et al. Discussion on related problems of tailing

dam break[J]. Engineering Construction, 2009, 41(5): 35 - 41.

(in Chinese))

(7] E3CE. RO NFEMED M 2 2240 SR W7 [D]. Kb
W R OK %, 2007. (WANG Wen-xing. Study on stability
analysis and safety countermeasures of tailings dam[D].
Changsha: Central South University, 2007. (in Chinese))

(8] R, Exif. FERY EFHGT 4 50 S AT 5L ).
E A E R R, 201003): 211 - 213, (MEI

Guo-dong, WANG Yun-hai. Statistical analysis and
countermeasure study on tailings pond accidents in China[J].
Journal of Safety Science and Technology, 2010(3): 211 -
213. (in Chinese))

[9] % S, ERER, Sk, 5 RO USSR 5T R
(7). EZ 2R 2, 2008(4): 169 - 172. (YUAN Bing,
WANG Fei-yue, JIN Yong-jian, et al. Study on the model for
tailing dam breaking and its application[J]. China Safety
Science Journal, 2008(4): 169 - 172. (in Chinese))

[10] BRTFAE, Phadtte. o7 By Bt IR IR A TH SR [I]. i
MR 2EZER, 1995(5): 99 - 105. (CHEN Qing-sheng, SUN
Jian-hua. Calculation of tailings flow due to dam break[J].
Journal of Hohai University, 1995(5): 99 - 105. (in Chinese))

(1] BUNE, LR, B2, B 5 HUE B BRI
FaREPEZR AT TIT]. H PR 244, 2009, 32(3): 308 - 313.
(JING Xia-fei, YIN Guang-zhi, WEI Zuo-an. Model test and
numerical simulation of tailing dam safety forecasting[J].
Journal of Chongging University, 2009, 32(3): 308 - 313. (in
Chinese))

[12] RICO M, BENITO G, D’LEZ-HERRERO A. Floods from
railings dam failures[J]. Journal of Hazardous Materials,
2008, 154(1): 79 - 87.

[13] PASTOR M, QUECEDO M, MERODO J A F, et al
Modelling tailings dams and mine waste dumps failures[J].
Géotechnique, 2002, 52(8): 579 - 591.

[14] BLIGHT G E. Destructive mudflows as a consequence of
tailings dyke failures[J]. Proceedings of the Institution of
Civil Engineers Geotechnical Engineering, 1997, 125(1): 9 -
18.

[15] $HEZ. BHUK I M) Bred: W AR BHEEOR R,
1993. (XIE Ren-zhi. Dam break hydraulicsiM]. Jinan:
Shangdong Science and Technology Press, 1993. (in
Chinese))

[16] VAN RIUDN L C. Sediment transport: part I bed load
transport[J]. Journal of Hydraulic Engineering, 1984, 110(10):
1431 - 1456.

[17] VAN RIIN L C. Sediment transport: part II suspended load
transport[J]. Journal of Hydraulic Engineering, 1984, 110(11):
1613 - 1641.

[18] WU W. Computational river dynamics[M]. London: Taylor &
Francis, 2007.

[19] ZHANG R J, XIE J H. Sedimentation research in china,
systematic selections[M]. Beijing: Water and Power Press,

1993.



938 Hs

2017 4¢

[20] RICHARDSON J F, ZAKI W N. Sedimentation and
fluidization. Part I[J]. Transactions of the Institution of
Chemical Engineers, 1954, 32(1): 35 - 53.

[21] WU W, WANG S S Y. Mathematical models for liquid-solid
two-phase flow[J]. International Journal of Sediment
Research, 2000, 15(3): 288 - 298.

[22] HAGER W H, GUIDICE G D, WU W, et al. Movable bed
roughness in alluvial rivers[J].

Engineering, 2001, 127(7): 627 - 629.

Journal of Hydraulic

[23] LIN B. Current study of unsteady transport of sediment in
China[C])// Japan—China Bilateral Seminar on River
Hydraulics and Engineering Experiences. Tokyo, 1984.

[24] ARMANINI A, DISILVIO G. A one-dimensional model for
the transport of a sediment mixture in nonequilibrium
conditions[J]. Journal of Hydraulic Rearch, 1989, 27(3): 455
-462.

[25] ZHOU J, LIN B. One-dimensional mathematical model for
suspended sediment by lateral integration[J]. Journal of
Hydraulic Engineering, 1998, 124(7): 712 - 717.

[26] CAO Z, PENDER G, WALLIS S, et al. Computational
dam-break hydraulics over erodible sediment bed[J]. Journal
of Hydraulic Engineering, 2004, 130(7): 689 - 703.

[271 WU W, VIEIRA D A, WANG S S Y. 1D numerical model
fornonuniform sediment transport under unsteady flows in
channel networks[J]. Journal of Hydraulic Engineering, 2004,
130(9): 914 - 923.

(28] BRAE/K. A USRALEL S B I AR AU M), JE st o
[l 7K Fl7K B HE i, 2012, (CHEN Sheng-shui. Simulation of

earth-rock dam break mechanism and process[M]. Beijing:
China Water Power Press, 2012. (in Chinese))

[29] SINGH V P. Dam breach modeling technology[M]. Dordrecht:
Kluwer Academic Publishes, 1996.

[30] FREAD D L. DAMBRK: the NWS dam break flood
forecasting model[R]. Silver Spring: National Weather
Service, 1982.

B11 %) Z, sRenit, BhEER, 5. RBHTEER TSR AL 5T
[J]. 7KFIZEHE, 2014, 45(6): 675 - 681. (LIU Lei, ZHANG
Hong-wu, ZHONG De-yu, et al. Research on tailings dam
break due to overtopping[J]. Journal
Engineering, 2014, 45(6): 675 - 681. (in Chinese))

[32] AR, BRI i A P A LT ST D). JE st
FEHb 5 K24, 2015. (GUO Fei-fan. Numerical simulation of

of Hydraulic

the evolution of the dyke-dam breach[D]. Beijing: China
University of Geosciences, 2015. (in Chinese))

[33] jidEnh, KRR, LML 2 W At TR H AR
1, 2005. (LU Ting-hao, ZHU Jun-gao. Soil mechanics[M].
2nd ed. Nanjing: Hohai University Press, 2005. (in Chinese))

[34] B4, HUKH, A IR, 55 LR IR EE SR
L TR SRAETE[CY/ W e EEN TR S EAR
Wil 4>, {83, 2015. (ZHAO Meng-sheng, DAI Yong-xin,
DIAO Hu, et al. Stability seepage analysis and engineering
countermeasure of a tailings dam[C]// Proceedings of the first
National Symposium on Tailings Engineering and

Comprehensive Utilization Technology. Dexing, 2015. (in

Chinese))



