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Abstract: The spoil field represents a man-made hazardous source with significant potential
energy and a large amount of material. Once an outburst movement occurs, it poses a severe
threat to downstream residents, engineering facilities, and the ecological environment. In
this study, a specific slag dump was selected as the research subject, and a highly precise
three-dimensional model of the study area was established based on field investigations. The
stability calculations indicated that the waste slag body could reach an instability scale of
approximately 190 000 m® in extreme scenarios. To simulate the outburst flood range, flow
velocity, flow depth, and risk zoning under these conditions, Massflow was utilized. The
findings revealed that the outburst movement lasted for 300 seconds. The primary direction
of the outburst movement followed the main gully of the dump, with an average thickness of

approximately 2. 94 m. The maximum flooding distance was approximately 270 m, and the
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distances between the outburst source and two nearby villages were measured at 231 m and
379 m, respectively. The velocity at the monitoring point exhibited a sudden increase
followed by a gradual decrease, and the entire outburst movement was categorized into three
stages: starting acceleration, stable creep, and deceleration accumulation. Furthermore, the
risk zoning analysis conducted after the collapse indicated that the proportions of low,
medium, and high-risk areas were approximately 49. 32%, 25. 64%, and 25. 64%,
respectively. Importantly, no significant impact on residential areas was observed. The
research outcomes provide valuable insights for analyzing the movement paths, flooding

ranges, and velocity characteristics of spoil dumps, thus guiding efforts to reduce the risks

associated with spoil dumps and enabling effective emergency response.

Key words:

simulation

it R TRER TR ARA AN ITIZ A
J5 YR EEREE 1 50 E TR A W T e R 1 Ak E O
SRR, FEE S R R MEA M EEn ik
PR — ELIST L, b ™ T Ui J R R Rt
AR Y, 70 5 kA e I 26 1) 28 LR
fitf, 2015 AFGRINE BB IX 75 S g e 3 B 77 A3t
12,33 AL R 5 5 2005 4FEEE JE VG W 7 P %%
LY gLl g kR T8 143 N5 71 4R
M 51985 4F BKFI Stava JBH MUK A Bk Brieiz
i K 269 NFET-FE R =H2) . b
FrIE S 15t PRIz By AR R M S LG T K B K B

AR LORBESE THEALTT B RE 1 B AR A
T A S S B AT I I R RS2 | R A AL
G MT i B SOBORAT RS i B RO . IR
R BN 15t iz SRR R I T K E AR,
R BH 5 22 3 F MacCormack-TVD )45 B 2243 Jy
P T T 4kl XU B A SR R B (Massflow-
2D) KR T S AR )32 Bl ST R S A I )
A 25 R TE M50 ) 32 2 o B A 52 ), 7E PRIE T ORS
B B RTHE T X i i Bl ST T R TR
TEITIN I VA I 5 30 1 o3 e D7 AR 3 1)z 0
FAY1) s Savage SNV AR I T SRR 7 vk E B
T Y W I K B i B s Wang 260 58
i FLO-2D 4 LAY A A [R) 422 £ 00 Y8 38 A3
Bk Ry 728 R G ot 3R AU L B Ik B T 4 2k AR
(A

Massflow 5 T EEFR 43 1Y S AR B, Ge4E 7 T
e AT I LA L b T A I S AL R
B =)@ gk 4L, A RO S TIFRRCE. T
32 ] Massflow 808 R AT 4 5ok i rp s
UNIOE U I =i AU L A I B D0 K vie = Ap AL I R

spoil field; outburst movement characteristics; Massflow; numerical

MONFTEY 3 F I8 A HLAE 25 B8 5% 4 L DEM, 45 &
Massflow BRI BB AT 15t 5 12 3l A% S s ¥
DX 35k A B R 2 it R XU B8 A i 2 3 S

DAFE24 5 0 8 BN & F s ik ik 2 5tz 3,
45 B A M TR R T K AR i Y8 L () I T 38
AR SO F R E TR AR R Massflow X
ST S i R R RN T S R AR 1 15 s Bl
FEVEA T BRI, 207 S o ki sl AR 2 TV Tl
iz sl B S Bl SRR . RS R T R R G
REEEASHMERN G E, 57 57 5 5t
PR A N B AG TR =k
1 WiE
1.1 HEHHR

F 9% X FP 00 T8 8 I B R 57 37, %
TH i 810" m?  HEFR 5 # 87 X 10" m®, N4
WAL (B D . F3 r b i BEHKE 2 395 m, F1Y
IR 13420 FAERK . PR RS 25°~45°,
LA B3 11 R iR 9%, R BEIR , Z2 7t LR &
B LA BEEE AR T IR AR JER BT
F. WIRRTREE R R WA R B e £ I
e SN B P M TSR

Bl L Sk SR A L



98 LTI FE SR

2024 4

T 374 I M T v R 50~ 120 m, B AR LS e
WE1 s 2 PRATl s (B 2) . FRil ik R £ o 5L m T
277 A AR AT FHLRD L 8 A0 il £ ] LIA 3.

o 2
10- 3 1 -\4 1 1 1 T
0 100 200 300 400 500 600 700 8

PEE/m
1 IS5 BE K 2. Tt MERR AR 3. AR A s 4. P 4%
B 2 Fri i R TR R T

- ’«31
L

o
00 900

o HHH

80 1

= — 42

-Ha\o 60 _2ﬁ'§

25 -

kR 40 N 2

Qim AN

ﬁf 20 .

<, i~

100 10 1 0.1 0.01

MR B 4%/mm

B3 SRR A il £

1.2 FEFRIHMEN T RIBHE
SRS T A e R TR T A SR SRR AR, AR B

S R RRI SR B THIAL S T 3 76 45 R RN O B A A
FETE W 1R KA ST A AR M = UL ]
4:0

x1 ELEMIEATHEEGRREERE
;j}i 200 300 400 500 600 625

mm/d mm/d mm/d mm/d mm/d mm/d

LI 1.649 1.641 1.631 1.607 1.572 1. 560
Ry 1.240 1.208 1.168 1.118  1.055 1. 050

T TSSO P A SRR P R AL

B4 TSR 625 mm/d ESERERT 2 d 5 2R Aa i [

A E R BN 105 N KRR
LU I35 AT RE R AR i 3O L Bl I AT A e A 2R AR
Phe M EZR 1 AP HERTRE Dy 625 mm/d Jf %
ZEFERN 2 d I FIE S 1 R RS E PR O 1. 056, i
K S ERF £ e 5 B2 A0y S0 0 W) A T R A R L

Fritt A K AR 1 D0 B AR R AR . B
AR 70~90 m Y[R P9 A AR JR 0 O A i 2l B33
T — G 5 AE e FE R AR TR AR -3 SR JEE 2
9.5 m, MG B R A R AR AU 453 m® 31
HFEREL Sy 210 m. DASEAT 37 i A e [ F 2k A B
(B R A AR TR AR B T 5290 19X10" m®,

2 RN 5 ZHUE

B XT3 10t Az Bl R i — 20 gE R
[ B2 B L M T B 3R B R B B R 0L R 1
Massflow , i 8 {4 fBL R & HoiH 8 R i, B
RICZAE 2015 AEIRYIE BB X 5 + 3 1 kL 2018
AR VDT RS TS A S R A 1 O LU 4%
SRR . PRI ) Masstlow BB ALK % 55
B S FRIE A 2 AT AT
2.1 #RBIESN

ARHFIEWERIFFFEX 12 1000 MBS Lk
HIEHS B IR . @1t ArcGIS X} FE IR IE = i
B AL . R IR Ui 1R 5 9 R R 19 R R
DEM, ##}# GeoStudio Fa i 1 1153 45 5 LUK i
SRR R sk g LR iz s B i &
19X10"' m*, #EH| Massflow #5280 R B /4% 1T
S0 3 TS I /N B R R RS
— PR U P A ) 43RS 2, AU 45 SR A i B
PEAMAE % e R E LB e Ty &% 2L L A
B B A E AL X ) 3 mX 3 m 3 S A%
I3t 97 388 M HE MK AR AT TLE 5,

N
557 000.0
58

557 500.0
3 118 500.0

3119 000.0 p~

3119 500.0

K5 BRI g AR (S &S 5BE S i S 4O

2.2 HEEERESHEE

Massflow B RT3 i iz F 2 Y B iS
JEE BRI AT . PEAR AR A (Coulomb model) | Z27X
A A ( Bingham model) . & 77 # #! ( Manning
model) . Voellmy % (Voellmy model) , AS[a]#E#Y
JIr s B S ORI AN [A] S B, AR R R R T



5535 % A1

R ABN L EBEF T Massllow B I 3508 5 8IGE ShRHE S SE R T 99

B IR - PEAC 9 B U T DU A 4 3 118 — 7 e G JBE A
AL s R TR ﬁ%ﬁ(m#i&ﬁk%ﬁ]j}ﬂﬂﬁ

IE BT B s T ARBUR L VNS T R A
SR S E NI AR %ﬁ%,ﬁfiﬂﬁﬂ%—
Tt FH Al A s fA 1 RS AR A3 R SRR
ARG R 3 A B e ARz g I A e 2
PRI Bl 728 ORGSR I Bl 5 A T AR R 2 B P T K
A 7K Bl 30 Fl B 5T 5 Voellmy BEARYJE T
PEARASEARY i R 15 722 i F » 7 PEAS BB Bl F 3
it YL I o ABCRE LA BT 52 7 7 Ay PR 482 3 0 it U 3k 00 7
A WERSME T Z il TR e A AR . 4
BASCFE Gt AR R AR AT AL B T
WAE K E I SRHE  JF 5 IR FE AR BT 1 24
A2, RN . P I3k ] PEAR R Sy 7 s
Yt tkic sy,

RSEAUSEFTR ) NS A IR R R L
LB ) o S 8 MR N R A o IRTEZ N
HR T BTREG 45 U 25°, LRI A £ NN
JEESE AR 1) IE VA HR 0. 45, TEMR I 2514 T B )R T
W BEAR AR SRR TT ¢ #2238 0, X LB /K
IR CAH S SCR017, 18 ]9 3¢ HAE HlE — Mk

. T g F“ = W & s r-_

TE 0. 6~0. 8, R ILLEAH W57 X 3L Br s Bl » FLBR
IKFE 1 A BUH 0. 6(F% 2),
£2 FEHERLENSH

RERISHY HUfH
DA% K 2 3mX3m
B EE AT Coulomb
I e 0
MEESSR 25°
HEIREBREL f 0.45
FLBIKIETT A 0.6

3 FrE T vis BIRHIE S B

3.1 FEGHEREBER

BALLEE R B | s sh HAT 28 & L it iz 3
PHERE RE AR ALK 38 2l ol B v HEFR AR 2 7 g
PRMRR AL T U8 A A8 RS AIE 1) 38 1T ¥ 3. 37
BRI YSE BE =300 s B 3EA(E || HEFL) 3 30
15 B AE TR A8 FPE RN 1T /D B HE AT 2 S A Y, R
[Fi] B 20 P Yt DR HE B L DL ] 6

B 55 T
vim/m [ 0.0-10 [ 2030 []3.040 [ Ja0s0 [ ]s5060 [ Jeo70 [ ]70-80
[ ]800 [ Joo-100 [ J100-1r0 [ Jiro-12.0 [0 12.0-13.0 [ 13.0~14.0 [ 14.0~15.0

K6 A AR SRR IR (a=0 5;6=10 s;¢=20 5;d=50 s;e=100 s; =150 s32=200 s;A=2300 s)

HEFUARFTALBE , tkizs S 7ETT 20 s HERR
JETIRBEAR, W IR e KHERUEE 14. 8 m [ &
10. 53 m(J# 6¢) . Z J5 i FiE T iGN . a8 2 100
s B HERU AR Sk A 103K 11 ET (& 6e) 200 s 28 300
s FEH L FAb iz WEHERR, B ZEAE 300 s B, R
FEAAT I (F 6g.h), R EBUR E R T i
TN, B HERF W AL, e RHE B B2

6. 15 m, PIHERREL) 2. 94 m, BifEHERUE AL
PR B I A R AL 24 270 m, jz%mﬂﬁ%ﬁ% 1
24 231 m;FE BRIV 2 24 379 m, AR S LA
6 h,
AR St T8 R s 33 i AR 5t I V2 T 3 BT 7 Ak A
VRN,



100 LTI FE SR

2024 4

3.2 FREGEREEREESN
FRB BRIz e A s A AR O A T

AN [ R AR FE 7 15t 30U I T W 14195 20 » A SO 35
JE R BT £ BE 1 K o A de 228 HERRUR 25 19 i
G PER RS A LR M S R 6 A i A (O
BT IR FRB AR B S 300 s A iz Bl 2 A
BRRBE AL (L 8.9)

B7 M s o A o

(1) 2% W) AN [R) s 25 1) 3t ok A2 £k D 1] 8
2 W A AT TG B R A N 1t DS Bl iR B
Htfﬁﬁmﬁﬁﬁﬁ%ﬂ_f i5 8.58 m/s Fl 7. 30 m/s;
BHE 20 s F150 s BFHGIR 1354 WA L 3 BE BRI
% 1.01 m/s F1 0. 09 m/s, Fifi f5 HE B4 FE A2 10 iR
FER/IN LIRS & W o 1 75 R 2232 315 200 5,300 s
A HE AR 15,56 Wil A5 PR A B 43 3018 0. 221
m/s 1 0. 201 m/s, IG5t PRz Bl BEA (SR8, 2% W
MHEYUNT 1 m/s, XFF LiRis g &, iz
hALZE 7 3 ANB B RIS S 8 Ao e 8 T R e HE
FEL e Bl 00 3855 7 5 R 2 B T A el AR i
IRGEIRIG NSRS 328 W0 D/ > 1) e 3% A 15t e ad i DA
FsE R iz .
(2) 25 WSSO TRI B 25 R i I R AR A LA 9,51
W 5 A FHERUA JG k- 75 B DI ST 46 5 1% e 38
TRFFELREAR, H AR B85 K 5523354 Wa il e i
200 s PN HRYR R RE AR AR B2 W] X i TAEB Rz 3
TR 5 G HE AN B 1] A5 1, MR R
r“f—m{alilm%zj] 200 s Jo & M SRR R
THE s E5 300 s B HERRUAHLIE 35,56 Wil o5, H
MR E /N3 h 0. 24 m A1 0. 01 m,
FRIE I T K 2 W) S BA AE 1 T R S Sk b HE
B D BN,
25 L or T S it s sl B 98 Mk e R
& BRI B B AR R B AR A AR 5t 5 18 B g AR

FEUTIIE VA Bl I BUA Y IR 245 B AR
T8 PR DR A T2 S8 B L AL S FRe 5T i
Py SR 5 A AL - I A AR P e

10
el —e— 2~ 3
8 4 5 <6
o
E o6
®
1=
o4
|
2
. /W
0 150 300
I 17 /s
B8 Wi e o
14
b el e 2 e 3
4 e 5 6
10
g
% 8
B
= o
2
0

0 5“0 100 150 200 250 300
5 5] /s

BlO AR

3.3 BEEREESRX

Frit It iz g AN A s s AR, 3
Wit peiz a5 B 4] 43 v] 225 e A I 5 B R o A o
R A 1O ST R AT AL R R T B A B 4 X
e, N3k 3. EStis H ArcGis Hifp#g 5848 T H.,
PR S B S s 55 5 PR HE 2R T H
G B D R A R 1.2, 3, 15 21 5 i 15t
J& FE RS PR SR FE 43 X AN 10,

i s o 3 IX
[ Mgax
s X
R X

Bl 10 BiRfERsEE s X



5535 % A1

HIER OB ERE 5 IET Massllow BRI IR 15t LIz S FFIE K G Ko 101

®3 REEEEEYS

W H SR v

WRERIEE WK H/m KR e
=2 H>2.5 OR HV>=2.5
i 0. 5<CH<2.5 AND 0.5<CHV<{2.5
1% H<0.5 AND HV<0. 5

F ] 10 W] I, o 388 70 3R R | A K ) b
B Al A A e v o L P IR RUBS: DX BE 49, 3206, H XL
B X 4 H 25, 6420, KU IX 4 E 25, 0496, fIRKUBS:
Fre U X ZEAR e S HERUA I 5 2% ek A2
NS YRR o e AU 32 A A 2V VA S N . 4L
SEILFIR 10t RO X %o 19 Ak J RS G S 2 e i (HL
TR T 1) 9 £ M S K L R AR S
AR PR SE R T 5 S BT IA

4 75

FIIH Massflow 45155 75785 5 76 A it 558 B 9 T
LT s SRR AR B RIS BRFAE X5t fE A [ B 20 7
V2 S L A0 AL D R R LA B A R 5 B 3
XA M A3 AT 4518

(D) i Bt iz s BA 5 Kk 1t Tz 34
WA R AL EOR AR B A2 R E i B 5
FREHERAY IR 242 B ARV B N D s oA T
e SR B Ak

(2) frpiz ghad FEILHFEE 300 s, Wy W7 10 1Y
PIJREEZY 2. 94 m, i RHERRIEBEZY 6. 15 m, i K
ZIEIE B2 270 m, BE B P AR AT I B B 430 ol 231
m A1 379 m.,

(3) WM s g R RW], BrikizahHL &G 3 iz
S BE A Sl A W T R0 e A R L
BRI AR S5 B s/ N a3

(4) X5t I HERRTE 285 £ B Pk 3 DX 3R WD ARG XU
DX (i BE 49, 3200, v RURS: X 4 bl 25, 6496 5 e MU [X.
7 EE 25, 04 %6 ARG AT RURS: X 32 BEAE TR A T8t S
HERRUARIY G 2% B3k A2 M SV AL o IRV 32 224
TE VA TE PR 6 s R IX TG 520

S & 30k

CL] SR, MO R Bt 45, T8 DA B o) IX ) 0 R 37 0 A 25
ERFARBIFELT]. Ho BT K 53R AR 4, 2021, 32 (1) 109-
112.

(2] HHER, s e A 98 L X UK AR AR T S 3
T JE S R T L) 1. s 50K 3 SRR AR, 2022, 33

EEREN:

(4):59-70.

[3] YinY,Li B, Wang W, et ak.. Mechanism of the December
2015 Catastrophic Landslide at the Shenzhen Landfill and
Controlling  Geotechnical Risks of Urbanization [ ] .
Engineering, 2016,2(2) : 230-249.

[4] Lavigne F, Wassmer P, Gomez C, et al.. The 21 February
2005, catastrophic waste avalanche at Leuwigajah dumpsite,
Bandung, Indonesia[ J]. Geoenvironmental Disasters, 2014, 1
(1):1-12.

[5] Luino F,De Graff J V. The Stava mudflow of 19 July 1985
(Northern Italy): a disaster that effective regulation might
have prevented[]J . Natural Hazards & Earth System Sciences,
2012,12(4):1029-1044.

[6] Ouyang C, He S, Xu Q, et al.. A MacCormack-TVD finite
difference method to simulate the mass flow in mountainous
terrain with variable computational domain[]J]. Computers &
Geosciences, 2013, 52(10): 1-10.

[7] Wang D, Zhou Y, Pei X, et al.. Dam-break dynamics at
Huohua Lake following the 2017 Mw 6. 5 Jiuzhaigou
earthquake in Sichuan, China[]]. Engineering Geology, 2021,
289:106-145.

[8] REHAIE. &8, A HT Massflow BT 7 Je 14 & KA T
AV A1 2 shRFERE T ()], N RERIT, 2023,44(3) : 17-22.

(90 JABL Vrog, J8 15 56, SEFRUE BN 28 & B E - Bz gl
FERFgE— LAR T BBRR 87 WU BILT]. A4k, 2019, 37
(04):528-537.

[10] FZRIMELE 45,55 B RS sh R ERAT 5T [ .
TR 2R - 2019, 27 (1)  144-151,

[11] B. SS,K. H. The motion of a finite mass of granular material
down a rough incline[ J]. Journal of Fluid Mechanics,1989,199
(1):177-215.

[12] Guangjin W,Sen T,Bin H, et al. . Evolution Pattern of Tailings

Flow from Dam Failure and the Buffering Effect of Debris
Blocking Dams[ ] ]. Water,2019,11(11);:23-88.

[13] TH . BT GIS Fl Massflow {4 KLY 20" R 5t S N 1A
SRRERLD. ARk 22 2010,

(14 M/NET, XD sl T e L 55, JE T IC AMLA 25 B8 19 R 10 PR 15t 01
BAABEILT]. AR FDR B AR (R 3830, 2021, 52(5) - 71-81.

[15] #KAE, 5B AP 4. 5T Massflow 194 V0 V1 1 1 B UE
BEAU LS T L) 1. 3t BT K 3 5 BRBE A4, 2021, 32(4)
3-7.

[16] JAIBFT. Je T 50 )2 HAH AN 2 )2 2 A0 10 9 F 3 ) 2 BB AU
[D]. #erpRbp R, 2017,

[17] Xt B SO 419 3T MacCormack-TVD 75 R 25 43 55
) e A AUE T AR LT ], BB, 2019.35(4):222-

228.
(18] ARHEhs. A R LR AR E 145 B IS B P PP 4 (D . Bk 1
K2.,2018.

(197 M. 3T 528 K B (i A 300 A0 3 7 IX R A 97 A T XU PP A 0T 5
[D]. JE#H TR, 2014

dERR998— )L B WS A WG T Dy b K E R E TR A . E-mail: 953605521@qq. com



