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Risk assessment of debris flow source from a gold slag heap
in western Henan

LIU Xingyu', LIU Xiangdong', ZHAO Hao', ZHOU Yonghong', LI Qiang', FENG Yuting’
(1. Xi’an Mineral Resources Survey Center of China Geological Survey, Xi’an, Shaanxi 710100, China;
2. Jilin Mengxi Engineering Management Co. Ltd., Jilin, Jilin 132000, China)

Abstract: The slag accumulation form and the proportion of slag in the valley affect its stability under a specific rainfall
probability. This paper takes 16 slag piles in two main trenches of a gold mine in western Henan as the research object and
proposes a calculation method for the stability of a single slag pile under different rainfall probability conditions. That is, the
start-up under the conditions of maximum observed rain intensity in recent years,rain intensity once in 25 years (P=4%), rain
intensity once in 50 years (P=2%), and rain intensity once in 100 years (P=1%). The flow rate and the flow rate of the flood
discharge, the ratio of which is calculated to analyze the stability of the slag pile. The research results have certain significance
for the risk assessment of specific slag piles and the classification and prevention of slag piles.

Keywords: debris flow; mine debris; flood discharge flow rate; startup flow rate; flood peak
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Fig. 1 The gold mine location in the western Henan
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Fig.2 Morphological characteristic map of the debris flow in western Henan
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Fig.3 Engineering geological plan of the gold mine in western Henan
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Fig. 4 Distribution map of the gold slag heaps in western Henan
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Table 1 Statistical table of volume and proportion of the slag in a gold slag pile in western Henan
B 7ZD1 ZD2 ZD3 ZD4 ZD5 7ZD6 7D7 7ZD8
HEY(10* m?) 12 0.09 0.12 0.07 0.14 0.5 0.05 1.4
JE I LA/ % 50 43 83 69 72 71 74 48
i 7ZD9 ZD10 ZD11 ZD12 ZD13 7ZD14 ZD15 7ZD16
HEY(10* m?) 2 25 12 0.29 0.4 0.3 0.25 1.54
JE I LA/ % 74 55 77 71 60 67 49 88
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Fig. 5 Schematic diagram of Houmusi ZD2 slag pile blocking the channel
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Fig. 6 Schematic diagram of Danangouslag ZD16 pile blocking the channel
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Fig. 7 Rainfall in western Henan gold mine over the years
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Table 2 The measurement result of calculation parameters of flood discharge velocity of the slag pile

RS ZD1 7ZD2 ZD3 7ZD4 ZD5 ZD6 7ZD7 7ZD8
F/km> 0.176 0.176 0.27 0.27 0.469 0.469 0.616 0.176
L/km 0.47 0.47 0.61 0.61 0.72 0.79 0.79 1.01

/%o 462 462 418 418 387 373 373 314
h/m 2 2 25 25 25 2 2 2
b/m 1.5 3.5 2.5 3.35 3.05 11 11.5 1.5

RS 7ZD9 ZD10 ZDI11 ZDI12 ZD13 ZD14 ZD15 ZD16
F/km? 0.85 1.68 1.82 1.82 0.232 0.283 0.431 0.511
L/km 1.52 1.52 1.66 0.52 0.66 0.84 0.97 1.13

/%o 283 283 269 514 456 400 374 332
h/m 25 2 2 2 25 25 2 2
b/m 2.7 9.5 26.5 18.5 435 2 45 4

ESRAR T U B, YO (o) S PESEEAA (o) DR

IR7) Vel e 45 T HE (R EE AR A (o) o LR ISV 4 ) 3
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Table 3 The measurement result of calculation parameters of startup flow rate of the slag pile

% 3 Fios.

LS ZD1 7ZD2 7ZD3 ZD4 ZD5 ZD6 7ZD7 ZDS8
a/(°) 14 14 9 10.84 14.16 10.45 6.76 6
0/(°) 34 32 20 22 41 23 18 33

eSS ZD9 ZDI10 ZD11 ZD12 ZD13 ZD14 ZD15 ZD16
a/(°) 7 4 4 12.84 12.95 8.38 11.14 6
0/(°) 30 34 29 30 33 24 17 29
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Fig. 8 Calculation process diagram of stability coefficient of slag heap
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Table 4 The calculation result of slag pile stability under different rain conditions

LS 7ZD1 7ZD2 ZD3 ZD4 ZD5 ZD6 ZD7 7ZDS8

R F, 0.90 211 1.40 1.85 0.90 276 226 051
Z52R(49 mm/h) G ZD9 ZD10 ZD11 ZD12 ZD13 ZD14 ZDI15 ZD16
F, 0.72 1.88 1.33 2.64 1.01 1.25 0.95 0.68

G5 ZD1 ZD2 ZD3 ZD4 ZD5 ZD6 zZD7 7ZD8

254 BiFE F, 0.72 1.70 1.12 1.49 0.72 222 1.81 0.41
4R (60 mm/h) PG 7D9 ZD10 ZD11 ZD12 ZD13 ZD14 ZDI15 ZD16
F, 0.58 151 1.07 2.12 0.81 1.00 0.76 0.54

iz i iass ZD1 ZD2 ZD3 ZD4 ZD5 7ZD6 zZD7 7ZD8

S0 a - F, 0.53 125 0.83 1.09 0.53 1.63 1.33 0.30
Z5R(80 mm/h) RIS 7D9 7D10 ZDI1 ZD12 ZD13 ZD14 ZD15 ZD16
F, 0.42 111 0.79 1.56 0.60 0.74 0.56 0.40

RS S ZD1 ZD2 ZD3 ZD4 ZD5 ZD6 7D7 7ZD8

100 a— il 145 F, 0.47 1.10 0.73 0.96 0.47 1.44 1.18 0.26
Z5R(90 mm/h) G ZD9 ZD10 ZD11 ZD12 ZD13 ZD14 ZDI15 ZD16
F, 037 0.98 0.69 1.38 0.53 0.65 0.49 035

1 38%. 44% . 63%. 75%, FARSGHEHEST R 6%, 19%., /b AN R MEM B2 AIE oL T, 2588 0 R/ Tk
12%.. 6%, {LTEHE 5 1 56% . 38%. 25%. 19%, b % Wi T, KBRS ACHEF A . AN 8 AN B Y
FIARWEE K, o G i HE AN T84 R, I £ T 38 AS B ik W SR T EHER) SRR E A WE 9 B .
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Table 5 Ranking table of slag pile stability under different rain conditions

S ZD8 ZD16 ZD9 ZD1 ZD5 ZD15 ZD13 ZD14 ZDI11 ZD3 ZD4 ZD10 zZD2 D7 ZD12 ZD6
49 mm/h F 0.51 0.68 0.72 0.90 0.90 0.95 1.01 1.25 1.33 1.40 1.85 1.88 2.11 2.26 2.64 2.76
60 mm/h FS 0.41 0.54 0.58 0.72 0.72 0.76 0.81 1.00 1.07 1.12 1.49 1.51 1.70 1.81 2.12 2.22
80 mm/h F 0.30 0.40 0.42 0.53 0.53 0.56 0.60 0.74 0.79 0.83 1.09 1.11 1.25 1.33 1.56 1.63
90 mm/h F, 0.26 0.35 0.37 0.47 0.47 0.49 0.53 0.65 0.69 0.73 0.96 0.98 1.10 1.18 1.38 1.44
) ) I )

=

i

[ Kis

300 600 m
| IS
(a) IEIOFERBATMTER  (b) 25— WFTHRAHE (¢) SOLFE— At HE (d) 1004F— St
MR fakott fal e faRott

9 ARFBIRTEHREREEE

Fig. 9 Dangerous degree map of slag heap under different rain intensities
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Fig. 10 Correction process diagram of slag pile stability coefficient
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Table 6 The calculation result of slag pile stability correction under different rain conditions
RS 7Dl 7D2 7ZD3 7ZD4 7ZD5 ZD6 ZD7 ZD8
1 04F R e L I 2 F, 0.90 1.41 1.01 133 0.70 2.26 1.80 0.43
EIEFR (49 mm/h) Ml 7D9 ZD10 ZD11 ZD12 ZD13 ZD14 ZD15 ZD16
F, 0.62 1.48 1.12 2.64 1.01 125 0.95 0.62
oG ZD1 7D2 7ZD3 7ZD4 7ZD5 7ZD6 7D7 7ZD8
25— T AME T F, 0.72 1.13 0.81 1.06 0.56 1.70 1.44 0.34
#iR (60 mm/h) Pl ZD9 ZD10 ZD11 ZD12 ZD13 ZD14 ZDI15 ZD16
F, 0.47 1.22 0.87 2.12 0.81 0.84 0.63 0.45
bicRs T RES ZD1 7D2 7ZD3 ZD4 7ZD5 7ZD6 7ZD7 ZD8
SO — MBI F, 0.53 0.83 0.59 0.78 0.41 1.24 1.05 0.25
FR(80 mm/h) Ml 7D9 ZD10 ZD11 ZD12 ZDI13 ZD14 ZDI15 ZD16
F, 0.35 0.88 0.62 1.56 0.60 0.62 0.46 0.33
S 7ZD1 7D2 7ZD3 ZD4 7ZD5 7ZD6 ZD7 ZD8
1004 — B T AE IF F, 0.47 0.73 0.52 0.68 0.36 1.10 0.93 0.22
FR(90 mm/h) Ml 7D9 ZD10 ZD11 ZD12 ZD13 ZD14 ZD15 ZD16
F, 0.31 0.78 0.55 138 0.53 0.54 0.41 0.29
334 AP IAM T IEIEE R E b VRS, W S A B S, AR I SR,

K 3.5 0 H 5 T vk, BB R AR Tk R K
F<1 AEER (KR, 1ISF<115HHEk kAR,
F>1.15 MRSk (FE ) »

W 7 R AER AR CHHEAERN T S,=49 mm/h,
§,=60 mm/h, S,=80 mm/h, §,=90 mm/h %14 5 L4351
M 38%. 63%. 81%. 88%, Hfa it HE 73 5 H 19%. 12%.
6%, 6%, fKSEIHHE 5 L 44% . 25%. 13%. 6%, X [L3 5
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Table 7 Ranking table of slag pile stability under different rain conditions after correction

49 ik WSS zZD8  zZD9  ZD16 ZD5 ZDlI ZDI5 ZD3 ZDI3 ZDIl ZDl4 ZD4 ZD2 ZDI0 ZD7 ZD6 ZDI2
mm,

F, 043 062 062 070 090 095 1.01 101 112 125 133 141 148 180 226 2.64

60k wHEgS  zZD8  zDl6 zZD9 ZD5 ZD15 zZDl ZD3 ZDI13 ZDl4 ZDll ZD4 ZD2 ZDI0 ZD7 2ZD6 ZDI2

m F, 034 045 047 056 063 072 081 081 084 087 106 113 122 144 170 212

20 mmsh WSS  zZD8 zZDl6 ZD9 ZD5 ZDI5 ZDl1 ZD3 ZDI3 ZDIl ZDI4 ZD4 ZD2 ZDI0 ZD7 ZD6 ZDI2

m F, 025 033 035 041 046 053 059 060 062 062 078 0.83 0.8 1.05 124 156

00 WSS zZD8  zD16 zZD9 zZD5 ZDI5 ZDl1 ZD3 ZDI3 ZDI4 ZDll ZD4 ZD2 ZDI0 ZD7 ZD6 ZDI2

mm F, 022 029 031 036 041 047 052 053 054 055 068 073 078 093 1.10 138
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Fig. 11 Dangerous degree map of slag heap under different rain intensities

%{E’ %%Ari%éﬁ(}?s )ljj Sp mﬁ]ﬁﬁ?éo 11 #b 2% 41, 2007, 25(6) : 729 — 736. [ XU Youning, HE Fang,
(3 ) (E%E%%fﬁ‘f&“ﬂi%ﬁ%%lﬁ*ﬁﬁ% ﬂ['u]%: Hj ?}J}/F CHEN Huaqing. Mine debris flow and its distribution in
éﬁ%, Eﬁ*ﬁ*ﬁﬁ?ﬁ ﬂl'tﬂ?‘é?% ﬁﬁ@ﬂi%ﬂﬁ/ﬁigﬁiﬂiﬁ, Northwestern China [ J ] . Journal of Mountain Science, 2007,

25(6): 729 — 736. (in Chinese with English abstract) ]
(4] BEREE. DNREESH X “7-23" 98 4 38 B 1E & H 8 =
[ CT /48 i 0ge B9 2 103t 9 % 5 3R B 3 7 2 R

BEH T J7 M3, SRR M 22, VR R TR K
42 AL

B 0 DK R e HOIAR,, BT SR HEAE T Lo OO K B L A K R 5
Biyidk, & SR HT R A WA S oI K AR 0 O B Al
(1 )J}E{ﬁlﬁﬁj{%i{ﬁ%%‘sﬁﬁ%ﬂﬁﬂ, ’ﬁﬁﬁ%}iﬁiﬂ:, ﬁﬁazfﬁ 2011. [ CHEN Huaqging. Formation characteristics and
R AT P 38 A T R g, B R B XU enlightenment of "7-23" debris flow in Xiaoqinling gold mining
(2) ¥ HE B Y6 AR E TN 7 /IS, FE 6 T s 1 A ) 4 area [ C | //Proceedings of the 8th Cross-Strait Mountain
;’swj{ﬁ‘ %’l‘%% ‘(ﬁ;\ ﬁﬁﬁ?é’\]o Disaster and Environmental Conservation Symposium. Chinese
ﬁ%: 12@_@ W %ﬁ‘ay | 42 j( %g }jé /EiE'J # i‘%, ':F‘ I Society of Soil and Water Conservation, Chinese Society of Soil

and Water Conservation in Taiwan, Professional Committee of

by 5T R A JR) VG 4 b TR A O AR A T IFSE L L R ST I
== p = R RIRIE AR PN
[E"TE/J';& Lj’a%%ﬂm“lgﬁ?ﬁ(ﬁfﬂﬁ%\ *}llgiy\‘m“ and Water Conservation, 2011. ( in Chinese with English
M A BRTHAEA mI K ) SRR, TR — T 3Rs Bl abstract) |
(5] AT, RN, RiL4E, & NEIE ST X 7235 72 14
I A TR I B K S s [ 7] . M i, 2015, 34(11):

Debris Flow and Landslide Prevention of Chinese Society of Soil

2 % K (References) :

(1] #&KkT, BR4ed, ML & R K i BURRL 7 X 7 i A 2001-2008. [ XU Youning, CHEN Huaqging, ZHANG
ARG ER —U/NBB ST X e [T] . Jianghua, et al. Hazard mode of the 7-23 mine debris flow in
b 55 47, 2015, 34(11): 1993 —2000. [ XU Youning, CHEN the Xiaoginling gold mine area [ J] . Geological Bulletin of
Huaqing, YANG Min, et al. Controlling role of particle sizes of China, 2015, 34(11): 2001 —2008. (in Chinese with English
mining waste residues in the initiation of mine debris flow: A abstract) ]
case study of the Xiaoginling gold mining area [ J ] . Geological (6] RAT. W /NEW G0 X4 LI A 38 0 Y I8 R AE
Bulletin of China, 2015, 34(11): 1993 —2000. (in Chinese with oy [ C1 /e /\Ja it we P R 1L b 9T 5 3R BT (R B 22 R
English abstract) | WET 298 SO R B2 2 0 G R K LRI

(2] A&, 5, sICHe, &5 0 10 I 7 3 4 5 K Bl K BN L e e R R e oA R I (- B8 TR (= Il A A
PR KT [ T] . w2, 2010, 28(4): 463 —469. [ XU 2011. [ XU Youning. Analysis of Provenance Characteristics
Youning, HE Fang, ZHANG lJianghua, et al. Characteristics of Affecting the Formation of Mine Debris Flow in Xiaoqinling
mine debris flow and its disaster prevention and mitigation Gold Mine Area [ C | //Proceedings of the 8th Cross-Strait
countermeasures [ J] . Journal of Mountain Science, 2010, Mountain Disaster and Environmental Conservation Symposium.
28(4): 463 — 469. (in Chinese with English abstract) | Chinese Society of Soil and Water Conservation, Chinese Society

(3]  #BAkT, 3y, AT POt X e IR A i o A tE [ 7] . of Soil and Water Conservation in Taiwan, Professional


https://doi.org/10.3969/j.issn.1671-2552.2015.11.002
https://doi.org/10.3969/j.issn.1671-2552.2015.11.002
https://doi.org/10.3969/j.issn.1671-2552.2015.11.002
https://doi.org/10.3969/j.issn.1671-2552.2015.11.002
https://doi.org/10.3969/j.issn.1671-2552.2015.11.002
https://doi.org/10.3969/j.issn.1671-2552.2015.11.002

2022 4E

NETF, 5 BVRST 5 G eI a m e IR n ek ©39 -

[7]

[9]

[11]

[13]

[14]

Committee of Debris Flow and Landslide Prevention of Chinese
Society of Soil and Water Conservation, 2011. (in Chinese with
English abstract) |
755, thoa 3, v M, A5 B A L ST O A A R AE
[T]. MoK, 2012, 31(4% i) 1): 476 — 485. [ HE Fang,
XU Youning, QIAO Gang, et al. Distribution characteristics of
mine geological hazards in China [ J ] . Geological Bulletin of
China, 2012, 31(Sup 1):476 —485. (in Chinese with English
abstract) ]
XS e i, 3630, BRI, SF. WM B U A1 R B RRAE K e B
P [ 7] TR AR, 2009, 17(3): 415 -420. [ DENG
Longsheng, FAN Wen, XIONG Wei, et al. Development features
and risk of inducing slag debris flow at Daxicha gully [J] .
Journal of Engineering Geology, 2009, 17(3): 415 —420. (in
Chinese with English abstract) ]
2R, A OK, LA AR sy [1] . =Y
5%, 1999(1): 27 —32. [ LIRong,LIYitian, WANG Yingchun.
Study of non-uniform sand starting law [J] . Journal of
Sediment research, 1999(1): 27 —32. (in Chinese with English
abstract) ]
Mri )L, s % 5. e s s AR (1] . Rk
F FL )y A% B 2 4z, 1988, 21(3): 28 —37. [ CHEN Yuaner,
XIE Jianheng. Preliminary research on the laws of threshold
motion for non-uniform sediments [J ] . Journal of Wuhan
University of Hydraulic and Electric Engineering, 1988,21(3):
28 — 37. (in Chinese with English abstract) ]
WA MR VP 2 LM dbat o KR K
fZ 41, 1989: 63 —84. [ XIE Jianheng. River sediment dynamics
[(M].
Press, 1989: 63 — 84. (in Chinese) ]
RRE AW RE A [T] R BT, 1980( K
Tl 5 ) . 83-91
sand [ J ] . Sediment Research, 1980( Reissue number): 83 — 91.
(in Chinese) ]
AHPE, B 5 0T KV ME O A e RS TR v AR (7]
KFIZE4H], 1990, 21(1): 38 —43. [ PENG Runyi, LYU Xiuzhen.

Beijing: China Water Conservancy and Hydropower

[ QIN Rongyu. Startup rule of uneven

The law of bedding and sediment transport of pebble at Cuntan
station of the Yangtze River [J] .
Engineering. 1990, 21(1): 38 — 43.(in Chinese) |

MBS, T8 SCM, B S, 5. R T B HOC T T AR

BRI (1] . R E S B IR R, 2017,
28(2): 10— 14. [ LIN Meiling, JIAN Wenbin, HU Hairui, et al.

Journal of Hydraulic

The movement process of slag debris flow based on the discrete
element method [ J | . The Chinese Journal of Geological Hazard
and Control, 2017,28(2): 10— 14. (in Chinese with English

abstract) ]

[15]

[16]

[19]

[20]

[22]

bR, Bkt %, AR RARL BT LU A R IE S 4 B
srde [ 0] b B9 5 B G S# i, 2012, 23(1) 0 1 -
5. [ LI Jianlin, ZHANG Hongyun, LI Zhenlin. Fractal analysis
on morphology of mine debris flow gully [J] . The Chinese
Journal of Geological Hazard and Control, 2012,23(1):1—35.
(in Chinese with English abstract) ]
REAE W, B, 5 R, SR A I DR 22 it e 2 O Tk
We——Lhl P Bk dkm oy ol (0] Pk s, 2021,
54(4):227-238. [ TANG Yaming, WU Li, FENG Fan, et al.
Risk mitigation measures and economic decisions on debris flow:
Taking Beigou of Jixian County, Shanxi Province as an
example [ J] . Northwestern Geology, 2021, 54(4): 227 —238.
(in Chinese with English abstract) ]
W, T NGRS X i R A A R AL B K B
ARXR [ M ] AEE: B 6 ok # ik, 2021, [ YANG Min,
XU Youning. Genesis mechanism and prevention countermeasures
of slag and debris flow in Xiaoginling gold mine area [ M ] .
Beijing: Metallurgical Industry Press, 2021. (in Chinese) |
WA T, Bestont, 25 F AL, S BRTG i O 4 8T XU A U i
HEEHN [ 7] . KOl TR, 2006, 33(2): 89— 92. [ XU
Youning, CHEN Shebin, LI Yujing, et al. Potentiality degree
assessment of slag mudslide geo-hazard on the gold mine area in
Tongguan, Shaanxi Province [ J | . Hydrogeology & Engineering
Geology, 2006,33(2): 89 —92. (in Chinese with English
abstract) |
AL Bk SC [ M st AR 22T R, 2005:
76 —87. [ GAO Dongguang. Hydrology and hydraulics for
bridge engineering [ M ] . Beijing: China Communications
Press, 2005: 76 — 87. (in Chinese) ]
MU, EHA, A, 55 BT SR i
HAKRH S &ER SRR [T] . F XM, 2000,
19(2): 166 — 171. [ YAN Jianshe, WANG Mingsheng, YANG
Jianchao, et al. Tectonic evolution of the Machaoying fault zone
in western Henan and its relationship with Au polymetallic
mineralization [ J] . The Regional Geology of China, 2000,
19(2): 166 — 171. (in Chinese with English abstract) ]
e [ B 2 g 7K R R L O S BB O A b [ e
A [M] . dbst: Big5 B3 1E, 2000. [ Institute of Mountain
Hazards and Environment, CAS. China debris flow [M ] .
Beijing: The Ommercial Press, 2000. (in Chinese) |
W EE, kR R TR BTN IR [M]  deat
A 5 Tl AL, 2018: 691. [ CHANG Shibiao, ZHANG
Sumin. Geological engineering handbook( The fifth edition)
[ M ] . Beijing: China Architecture & Building Press, 2018: 691.
(in Chinese) |


https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.3969/j.issn.1004-9665.2009.03.022
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16239/j.cnki.0468-155x.1999.01.005
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.16031/j.cnki.issn.1003-8035.2017.02.02
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.3969/j.issn.1003-8035.2012.01.001
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.19751/j.cnki.61-1149/p.2021.04.018
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021
https://doi.org/10.3969/j.issn.1000-3665.2006.02.021

	0 引言
	1 研究区概况
	2 豫西某金矿区泥石流形成条件分析
	2.1 地形条件
	2.2 物源条件
	2.2.1 泥石流物源的来源
	2.2.2 矿渣堆放位置与形态分析

	2.3 水源条件

	3 豫西某金矿区泥石流启动条件分析
	3.1 不考虑渣堆相互影响的稳定性计算方法
	3.1.1 洪峰流量（Q）计算
	3.1.2 泄洪流速计算
	3.1.3 启动流速（Uc）计算
	3.1.4 渣堆的稳定性（Fs）计算
	3.1.5 渣堆的稳定性判定标准

	3.2 各种雨力条件（Sp）下稳定性计算及分析结果
	3.3 考虑渣堆相互影响的稳定性修正计算
	3.3.1 渣堆稳定性修正方法
	3.3.2 渣堆稳定性修正过程
	3.3.3 各种雨力条件下渣堆修正后的稳定性系数
	3.3.4 各种雨力条件下修正后的稳定性分析


	4 结论及防治建议
	4.1 结论
	4.2 防治建议


