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Abstract: Mine debris flow is a typical anthropogenic debris flow formed by the evolution of waste rock and
slag generated by large-scale mining of mineral resources, which has the characteristics of frequency, human na-
ture, pollution, controllability, and so on. In order to further explore the influence and control of factors such as
bottom bed slope, flushing flow and particle gradation on the start-up process of debris flow and the relationship
between the factors, based on the principle of similarity, the scale structure is used to carry out flume Test with
the waste rock slag pile produced by mining in Kangshan gold mining area in Luanchuan County, Henan
Province. The changes of pore water pressure and water content during the formation of mine debris flow were
recorded by sensors, and the phenomenon of slag initiation forming debris flow was observed with high-defini-
tion cameras. The test shows that the mine debris flow is mainly started in three ways: top erosion type, fluidiza-
tion type, and top erosion fluidization type; the critical pore water pressure of the debris flow is negatively corre-
lated with the slope of the bottom bed, and the relationship with the change of fine particle content is not obvi-
ous; when the gradation and slope are constant, as the flushing flow continues to increase, the critical water vol-
ume of the debris flow at the start of the debris flow shows, and there is a flushing flow rate that is most con-
ducive to slag starting; The flushing flow rate and gradation are certain. The larger the slope, the easier it is for
slag to start. The slope and flushing flow are certain, and the fine particle content is 30.36%. Slag is the easiest to

start. The research results further enrich the mechanism research of mine debris flow initiation, and can provide
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reference for early warning, prevention and ecological restoration of mine debris flow.

Keywords: mine debris flow; starting characteristics; flume test; Kangshan gold mining area
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Tab. 1 The basic situation of the valley where the source of debris flow is located in the Kangshan gold mining area
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Fig. 1 The monthly average rainfall in the study area from May

to October 2015 to 2022
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Fig. 2 The rainfall in Luanchuan County from 1958 to 2022
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Fig. 3 (a) Morphological parameters and (b)cross-sectional view of typical slag deposits
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Fig. 4 Evidence of historical debris flow in Kangshan Gully
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Fig. 5 (a) Morphological parameters and (b) cross-sectional view of the slag pile at the outfall of Danangou
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Tab. 2 Similar ratio of physical simulation test devices for debris flow startup
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Fig. 6 Layout of water tank material laying and sensor for physical simulation test of debris flow startup
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Tab.3 Parameters of sensors used in physical simulation test of

debris flow startup
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Tab. 4 Debris flow startup physical simulation test parameters
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Fig. 7 Parameters of the water tank for the physical simulation

test of debris flow startup
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Tab. 5 Summary of physical simulation test results of debris
flow initiation
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Fig. 11 Debris flow start-up process of sub-test D19
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Fig. 12 Variation process of volumetric water content and pore water pressure in D24 sub-test
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Fig. 13 Variation process of volumetric water content and pore water pressure in D07 sub-test
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Fig. 14 Variation process of volumetric water content and pore water pressure in D19 sub-test
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Fig. 15 The relationship between the critical pore pressure and

slope change at the start of debris flow
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Tab. 7 Critical water volume for debris flow initiation under

different bed slope conditions
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Tab. 8 Critical water volume for debris flow initiation under

different particle gradation conditions
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Fig. 18 The relationship between the slope of the bed and the

critical water volume

XF 2% 7 B g0 F s #E AT 105 434, AR 2040 ¢
ES
S =0.377 76> - 13.1840+128.53 (R=0.9505) (2)
Ko 0 MR IR RE; SRl FLoK &5 R AH G
I 4 R W, NS R IR 8K, e A S Bl T
I 7K B /D 2, R R B /0N, I K i 2
I HLAFAE— e/ N 5.59°F /NI ALk B 13.48 L,
R4 3% B KF 5,590 I /K & K F 13.48 L ), Al g
Ja % e A i

R giap e RORBE O AUBDRL WK I SROK
v %{J’ﬁ'{k‘ﬁ e (o P =N =N =
Hik JE(°) S (%) HE(Ls)  #(L)
D07 UK T 10 7 1.48 26.40
D20  HUR T 10 15 1.48 18.84
D21  HOR T 10 20 1.48 17.36
D22 HUR 10 25 1.48 15.20
D23 WK T i 10 30 1.48 14.93
D24 HUK i 10 35 1.48 16.00
D25 HCK T 10 40 1.48 16.21

28
26 | e
_ 24t
3’1 22
il 20
% 18 °
ES 16 + ° .
=14t
12t
10 . : : :
0 10 20 30 40 50

/NT2 mmA R B A (%)

E19 AFHNSESHEFKENKR
Fig. 19 Relationship between fine particle content and critical

water amount

XFER 8 B i g H A AT m1E A3 B, A5 3040 O
#:
S =0.020 6m* —1.250 8m +33.788 (R=0.9812) (3)
A m R AHRURL S B S I K B R ARG
IR IR E5 AR, i SR 5 a0 AR Al R £
B TWRRBOE R, N H S 4080k A F) 30.36% it
AR F IR A A 3o 2350 R A0 RURL 5 Tk #
X — BT, 200k 5 5O, R Bl Y i 5K



514

X ) AR A B T KR IR YT i R A RS SR AERTT ST LAZE I BRI G X A ) 313

Ao LR U, LR B R B, R 2 A il B K R
(e

AR YL 5 A AN [ K R L R PRI | R A
PFT B B A 35S il 5 OC R RN (B A0 7 5%,
2009) iF 5 AR FAT e — Ok, Bk T E T AR Y
AEEYE, BARHAT SRR bt — 20 583 1RO KR
(B S e T 175 00 ) 1 i 30 A Wt R 3l i S 2R 1R 1Y

4 45ig

(DA RIS &4, Je A3 43 51 AN 1R 77 20
Bl ALHG TR A | A AR A | TR R b+ 3 2 7
3R s

() ATR A 87 R, B 7 HE AR P 3 L B K
JIFARTR S 7K R B 2 B R[] 1 AR FL AR, e A1
Ji3 Bl ALK R ) 55 R 2 AR G OC R,
by 50, JA shALBR K J1 8k, i 1 KPa, 32 201,
Ja sh LB R J1d5e/h, R 0.5 KPa; 7641 [A) 35 & | K]
WELLAE T, VA n shALBR /K H 745 4 ok 7 248
U VN T

(3) Wit RV A1 3 )i 2 i Sk i BE A oK R RN
8 NG W NN e B NI =25 WA NY BB L &7 8
k1 1.76 Lis B 5 A7 F e A e 2l; G R I BE AR | 40
SR 8, e A T sl K R, 2 R
T 5.59°u lIf Bk B K F 13.48 L A, A FF ¥ A 1
a3, Y 4 OB A B R 30.36% I A A TR A
=Eoi

Hift: ZAFH AR F BB /B LR
BEPSEATHRRA, BATHRR. AZ%E
MALIANN, K2 XFEFFRIAKK, ¥FERRA
ERBHBHEH FRRIAE P ORITAEE SR TANTE
FofssRRENEaRTRAE. RNEAEL A X
NEEXF VY RERFEAINGRA L H. A, &
LEFB/ERNEFTET AL, FRETEFTHHBK
BRL, Ak—FETRAH.

S Z 3L #k (References ) :
IR RV A R S HL B B IF 5T [D]. V2 K&K,

2008.
CAO Yanbo. Experimental Study on Starting Mechanism of Slag

Debris Flow [D]. Xi’an: Chang an University, 2008.

MBI, ZEEGA, BRI 7 . B FLO-2D B (1 Ife A it 3 B T AR A%
VO[], PEL IR, 2019, 52(3): 209-216.

CONG Kai, LI Ruidong, BI Yuanhong. Benefite Valuation of Debris
Flow Control Engineering based on the FLO-2D Model[J].
Northwestern Geology, 2019, 52(3): 209-216.

WHAR, §7 227 e A is Sl S K FH Bivh (M. Jbat: R
AU, 2004,

FEI Xiangjun, SHU Anping. Mechanism of Debris Flow Movement
and Disaster Prevention[M]. Beijing: Tsingh-ua University Pub-
lishing House, 2004.

WA, Wl B BT B A TR L 5 3 0 A
AE——LA 2% T 55 7 i ¥ P8 A 3 o 491 [T 4 BT 3F, 2023,
69(4): 1387-1397.

HUANG Jiahua, FENG Wenkai. Formation Mechanism and Dynam-
ic Characteristics of Mine-Slag Debris Flow in Typhoon Rain-
storm: Take Wushikeng Gully in Xingning as an Example[J].
Geological Review, 2023, 69(4): 1387-1397.

R, DI, SRR T INE DT X H 2R A i S L
W5 (0] TR ZEAR, 2017, 25(2): 472-479.

HONG Lei, MA Runyong, ZHANG Xiaoyu. Starting Mechanism of
Debris Flow at Maridang Gully in Jiawu Gold Mine in Qinghai
Tibetan Plateau[J]. Journal of Engineering Geology, 2017,
25(2): 472-479.

BN, BMOF, BiETY, A P ETEARATR M]. Jbat: Bl
Jikt, 2004: 56-59.

KANG Zhicheng, LI Chuofen, MA Ainai, et al. Research on Debris
Flow in China[M]. Beijing: Science Press, 2004: 56-59.

B, A 55, A Pa) S D) 030 B TR TV AR el 0 A i A
A 5 RRAE [T, K HORF5AT5T, 2011, 18(03): 83-87.

LV Xuejun, NI Huayong, XU Ruge, et al. Formation and Character-
istics of Mine-Slag Debris Flow from Jianggou Ravine in Ebian
County Sichuan Province[J]. Research of Soil and Water Con-
servation, 2011, 18(03): 83—87.

SR 0 L 3 PR AT R T LB K B iA X e L] Ak T
Y15 T, 2014, 43(5): 37-39.

LI Xiaochen. The Formation Mechanism of Debris Flow in Mine
Dumps and its Prevention and Control Strategies[J]. Industrial
Minerals & Sprocessing, 2014, 43(5): 37-39.

27, T, B, 5. 2UBEVE 1 U8 A Uit Sl AR A R 56 A
FE——LL s B4R 98 D9 9] (0], M BT 2 4, 2020, 94(2):
634—647.

LI Ning, TANG Chuan, GONG Lingfeng, et al. An Experimental
Study of Starting Characteristics of Steep Channel Debris Flow:
A Case Study of the Futang Gully in the Wenchuan County[J].
Acta Geologica Sinica, 2020, 94(2): 634—647.

ZEARAR, R, AR, S VDX K g AR L RUBE DL 0 4 ke
A RARMLA R0 (7], K 2 AR FF22 4, 2009, 23(3): 6-10.

LI Shuqin, GAO Jian’en, SHAO Hui, et al. Influence of Sand Selec-

tion on Erosion Process in Hydraulic Erosion Scale Simulation



314 o4t o# R

NORTHWESTERN GEOLOGY

2025 4F

Test[J]. Journal of Soil and Water Conservation, 2009, 23(3):
6-10.

Mok, AT, BB, S5 VR E A B BUR SR RIS M v i
B ——pu il 48 LR 55 ki S 4 L] AR KT, 2019,
50(5): 113-118+126.

LIN Bin, ZHANG Youyi, LUO Ke, et al. Model Test of Channel
Loose Material Starting and Prediction of Rush Amount: A Case
Study of Qinglin Gully in the Beichuan County, Sichuan
Province[J]. People's Changjiang, 2019, 50(5): 113—118+126.

XIR6oE, MG, £, S ANRRAR R AT TR e A
JASIHLERBESE L], TR A4, 2018, 26(6): 1593-1599.

LIU Xingrong, CUI Peng, WANG Fei, et al. Study on the Threshold
Motion Mechanism of Engineering Slag Debris Flow with Dif-
ferent Particle Size Grading Conditions[J]. Journal of Engineer-
ing Geology, 2018, 26(6): 1593-1599.

BN SRR RV T i B e A Il ke 2 AL B R B 36 X S Y
[D]. A #k: EBEL TR, 2018.

LUO Yang. Research on Starting Mechanism and Prevention Coun-
termeasures of Slag Debris Flow in Xujia Gully, Panzhihua [D].
Chengdu:Chengdu University of Technology, 2018.

d A, IR, SR In . BT R Y 52 DX 94 1 U A I 1
7T (30, AR #2017, 39(7) : 80-85+95.

MENG Huajun, JIANG Yuanjun, ZHANG Xiangying. Study on
Threshold of Debris Flow in Seismic Zone Based on Model
Test[J]. People’s Yellow River, 2017, 39(7): 80—85+95.

fad 55, JE. rb [ e A i kS 2l ) AT A0 1 4 A 5 9E e (9. K
Rl kIR, 2014, 25(04) : 606-613.

NI Huayong, TANG Chuan. Advances in the Physical Simulation
Experiment on Debris Flow Initiation in China[J]. Advances in
Water Science, 2014, 25(04): 606—613.

Te i, 2= WIR, A7 oA, A5 8 TR AL 16 10 ) A7 L 35 T ) 5
JA B B A (7], KB RE, 2018, 29(1): 64-72.

QIAO Jianping, LI Mingli, YANG Zongji, et al. Early Warning Mod-
el of Debris Flow Slope Source Based on Model Test[J]. Pro-
gress in Water Science, 2018, 29(1): 64-72.

REEI, 3, 5 L, A5 P A T KR, Dok 2 4 it B 22 B R ——
DA LD 7G5 e b v S 10 76 b T, 2021, 54(4):
227-238.

TANG Yaming, WU Li, FENG Fan, et al. Risk Mitigation Measures
and Economic Decicions on Debris Flow: Taking Begou of Jix-
in County, Shanxi Province as an Example[J]. Northwestern
Geology, 2021, 54(4): 227-238.

FAKE, RITR, FEARR 55 &8 LI T 94 ik BNy
Fr 7). @ 1li, 2006(8): 62-67.

WANG Yongqing, SONG Weidong, DU Cuifeng, et al. Mechanism
Analysis of Mud-Rock Flow Occurrence in Underground Metal

Mines[J]. Metal Mine, 2006(8): 62—67.

ERE, RV, O3 A S, S ORI R 3 1Y
HLERAE 5L LI, 0 b TR o A 4l (A SR B2 R0, 2019,
36(4): 90-97.

WANG Kai, ZHU Tao, SU Shengrui, et al. The Influence Mechan-
ism of Grain Gradation on Initiation of Slag Type Debris
Flows[J]. Journal of Hebei University of Engineering (Natural
Science Edition), 2019, 36(4): 90-97.

LR, O78F . Y AR B AL A (0], T R 4
(AR, 200003): 9-12.

WANG Xiekang, FANG Duo. Similarity Law Analysis of Debris
Flow Model Test[J]. Journal of Sichuan University (Engineer-
ing Science Edition), 2000(3): 9-12.

WA T, BB, KILAR, 55 BT N TR 1 /N2 08 4 0
XA i e A AR B AR [T). S 15 5 TR )R, 2009,
28(7): 1388-1395.

XU Youning, CAO Yanbo, ZHANG Jianghua, et al. Research on
Starting of Mine Debris Flow based on Artificial Simulation Ex-
peiument in Xiao Qingling Gold Ore Area[J]. Chinese Journal
of Rock Mechanics and Engineering, 2009, 28(7): 1388—1395.

AT ADS, DR, 55 E P AL DO L PRI b S ) A2
5P [M]. JEET: H 5 IR, 2006.

XU Youning, HE Fang, YUAN Hanchun, et al. Investigation and
Evaluation of Mine Environmental Geology in Northwest
China[M]. Beijing: Geological Publishing House, 2006.

ML T NI 0 DX i YR A i D LB A By 3
% M), db gt 1R 4 Tolk AL, 2021,

YANG Min, XU Youning. Formation Mechanism and Prevention
Countermeasures of Slag Debris Flow in Xiaoqinling Gold Ore
Area[M]. Beijing: Metallurgical Industry Press, 2021.

SR, SR A7 LA (M. B s T AR, 2001: 1-9.

ZHANG Liping, TANG Keli. Mine Debris Flow[M]. Beijing: Geolo-
gical Publishing House, 2001: 1-9.

Berti M, Simoni A. Experimental evidences and numerical model-
ling of debris flow initiated by channel runoff[J]. Landslides,
2005,2(3): 171-182.

Gregoretti C, Fontana D G. The triggering of debris flow due to chan-
nel-bed failure in some alpine headwater basins of the Dolo-
mites: analyses of critical runoff[J]. Hydrol Process, 2008,
22(13): 2248-2263.

Hungr O, Dawson R F, Kent A, et al. Rapid flow slides of coal mine
waste in British Columbia, Canada[A]. In: Evans S G, DeCraf'J
V (eds.). Catastrophic landslides: Effects, occur-rence and
mechanisms: Boulder, Colorado[M]. Geological Society of

America Reviews in Engineering Geology, 2002, 15: 191-208.


https://doi.org/10.1007/s10346-005-0062-4
https://doi.org/10.1002/hyp.6821

	1 研究区概况
	2 研究方法
	2.1 试验装置
	2.2 试验材料

	3 结果分析
	3.1 试验现象
	3.2 试验现象分析
	3.3 孔隙水压力分析
	3.4 不同冲水流量条件下泥石流启动分析
	3.5 不同底床坡度条件下泥石流启动分析
	3.6 不同颗粒级配条件下泥石流启动分析

	4 结论
	参考文献

