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Catastrophic processes of dam-break debris flows in Bailong River basin

Zhang Ning, Chang Ming, Li Hongjie, Zhou Kangchi, Yin Daolong, Liu Yang
(State Key Laboratory of Geohazard Prevention and Geoenvironment

Protection, Chengdu University of Technology, Chengdu, Sichuan 610059, China>

Abstract: [Objective] The evolution mechanism and catastrophic process of dam-break debris flows in the
Bailong River basin were investigated in order to provide technical support for their early warning and prevention.
[ Methods] Ganjia gully in Hanwang Town, Longnan City was selected as the study area. Characteristics of
source materials, topography, and rainfall were obtained through indoor remote sensing interpretation and field
investigation. Combined with disaster-forming conditions such as regional geological structures and seismic
activity, the movement characteristics of dam-break debris flows were systematically analyzed. Furthermore,
three dam-break modes, including main gully, branch gully, and cascading dam-break, were simulated and
comparatively analyzed using the numerical simulation platform OpenLISEM. [Results] @O The Ganjia gully

watershed had abundant source materials and numerous collapse-slide masses, with rainstorms being the main
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triggering factor. These masses were prone to forming dam-break debris flows after blocking the channel. @ The
evolution process of dam-break debris flows was divided into four stages: collapse-slide mass instability-channel
blockage-landslide dam formation and breach-discharge amplification causing disaster. The catastrophic process
involved the coupling of rapid conversion of gravitational potential energy into kinetic energy and the overall fluid
impact pressure. ® The simulation results showed that the main gully dam-break debris flow had a runout distance
of 1 342.06 m, a deposition area of 1.38 km?, and a maximum deposition thickness of 21.64 m, slightly blocking
the Bailong River. The branch gully dam-break debris flow was relatively smaller in scale, with a deposition area
of 1.03 km? and a maximum deposition thickness of 15.37 m, causing no blockage to the Bailong River. The
cascading dam-break debris flow was the largest in scale, with a runout distance of 1 365.64 m, a deposition area
of 1.92 km?, and a maximum deposition thickness of 28.2 m, severely blocking the Bailong River and forming a
barrier lake, which was highly likely to trigger an outburst flood and posed a serious threat to downstream
residential areas. [Conclusions] O Ganjia gully possesses unfavorable conditions, including steep terrain,
abundant source materials, concentrated rainfall, and frequent seismic activity, making it a high-incidence area for
dam-break debris flows. @ Dam-break debris flows generally undergo the blockage—impoundment—outburst
stages, and their destructive power is significantly higher than that of general rainstorm-induced debris flows.
@ Different dam-break modes vary in scale, deposition range, and hazard severity, among which the cascading
dam-break presents the greatest risk.

Keywords: cascading dam-break debris flow; catastrophe mechanism; numerical simulation; landslide

dam; Bailong River basin
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remote sensing image in 2025)
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Table 1 Statistical results of source material distribution at different elevations in Ganjia gully
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Fig.4 Discharge hydrographs of main-gully, tributary-gully
and cascading dam-break debris flows of Ganjia gully
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Table 5 Amplification coefficients of main-gully, tributary-gully and cascading dam-break debris flows of Ganjia gully
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Table 6 Parameters and values of source materials at Ganjia gully
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Fig.6 Depth and velocity of main-gully dam-break debris flow triggered by

collapse-slide blockage under a 200-year rainfall event at Ganjia gully

TZBE I R R W 51 & 0 AR O RS b SE 1 O
18 T I 5 110 AL B [ Al A & I R R =M W i L B
e i R A R G R R R B I . AR
P I R E R IX ——35 Tt a5 o R T 0 3
R AT PUBY 98 B T B A AR RS T U1 & A
i, Ve R L RRE AL S BRE P R ZE I, |
Ui oK K R B2 5 7K, KA T SR T AR IR 1 £, 300 i
A i T o B K T 2 3 T K, B B ]I Bl 2 1R
WU, U8 VD e B T OB A S MR AT, A B
B A T . AT HER Bl i 1 342.06 m, Fx K
FEE1270.8 m, A 1.38 km?, Bl BT A
T3E IR AR K 2 929.42 m, F 1 4.31 m, i KIE
21.64 m, W 1.64 m/s, & KB BAIEHIE N,
AT A i A D . VI A A HE AR R
73k 19.17 m,

A R T | R R ST A A R AR B 9
T8 3 I AE I ] P R At e, DT 5 | R Y5t e AR g A
Tio 2GR S AL 5 3 1 e e A A L, AR R

P 2 T 5 | A 1 o T A AR 3 0 B 2 L B S PR Ui
e it v o B ZE I 1 L T A . AR,
HEFRURE o 1 223.95 m, d K9 B 952.77 m, 10 Y
1.03 km?, K3k FURVLGE ST R AR . W X F- 3
JAFLYR 3.89 m, fix K 15.37 m, P 1.44 m/s. X
PR > T 320, B P R U8 A T AR R HE FRTR
BN

AR 2R TR | R T2 7R RN S I A e AR R
K M FE ¥ 1B T A8 I 1R) N O O kAR B TR, AT B R
GBI P ALY AT o 2 T VA RN S A T Ak 3 T8 3 gE
Ja R LR A N WS TR R SR K
43 Yad L, AHL 52 B8 SR A 5% e LA K V) 38 25 Y BHL
5 43 Hb 2 K TR I, 5 0 AR LA R s B i VA T
UK B ZE I T B . MR SE MRS E B W T
R 2Rl S A, 455 A2 g | b U HE AR i AR RS B IR
U BCHARE K, i = W e A . ST, HE R o
1 365.64 m, B K %8 & 1 878.05 m, 1 FX 1.92 km?,
B ZE I K 01 623.29 m, By T N E 2251 IR Kk B



513

5 TR < A e VT SRt o R A R L i R

411

PR, U T Ui R R A o PR A U X 2 R
PR 5.06 m, e K 28.2 m, -3 i 1.81 m/so HER

a RE

7 5
{

L &%

EH KA
2 ERS

0 750 1500m
—

P 0 e O, U8 v L HE S A R AR T, 1) A 9

298 A CPNITEVZ

b KR

=

200 a —iBPE WM T H QXG5 B EIERR BB A RERORE

Depth and velocity of tributary-gully dam-break debris flow triggered by
collapse-slide blockage under a 200-year rainfall event at Ganjia gully

BER/m
B <3
J3~6
CJ6~9
[ 9~12
- o/ I >12
7
Fig.7
a iR

H KWk
2 EH

0 750 1500m
—_—

BR/m
0 <4
C4~8
[ 18~12
0 12~16
B >16

8 200 a—iBFEM KM HEFA T RERRE AR RGRE

b R

FiE/(m - sT)
B <0.5
[C10.5~1.5
[ 11.5~3.0
[ 3.0~6.0
Bl >6.0

HiE/(m - s
I <o0.5
[C10.5~1.5
[ 11.5~3.0
[ 3.0~6.0
B >6.0

Fig.8 Flow depth and velocity of cascading dam-break debris flow under a 200-year rainfall event at Ganjia gully

5 45w

(1D H R Ve A i ki A2 43.63 km”, AU 5

ZERIWIEHPPER, B RAFAI O & F 51
UL P R O AR e VR AR TR A 0 2 R T
A v ELSR BE &, S e A0 U T2 e A 58 R A 4 R A OK



412 pi s U E SR

W46 %

Bl A . AR R A TSR SR N U A T U
fitg R 1 2.04 X 10° m?, F E A ££ 1 300~1 600 m
E R, A TG B E Y LA

(2) RWEFE i~ T H KWW A 0 %A o f &
LR W AR R R R B — Y 1 B SE— R SE MU S
Tt P — 8 A UL U et AR ) = A ML, HE A
e R 8 7 e o — 15t PR R 2, O 0 o A% 0 R Bk T
BT R MR YRR e R ILE RS LT
WAL T AR E R

(3) BUEABLILLE F R, 3278 Bt e A8 A7 378 o
P B3k 1 342.06 m, HE R AR 2y 1.38 km?, iz K HEFLE
FEIA 21.64 m, X T iR T8 i R U AR 5 SV ot e R
Ve A i FASEA X /0N, v i BRES 1 223.95 m, HE AR
T2y 1.03 km?, fe KIR TR B 15.37 m, R34 %E 1 T
L AN 3 T A DX 5K 5 2% 36k 15t e TR 98 A O IR )
T, v B S 1 365.64 m, HEF I AL 2 1.92 km?, B
KHEFR B 3K 28.2 m, 35 ZE W38 K B 3 1 600 m, #
5 T B 38 FE W O 175 & ot ek oK, X R i TR B R 4 R
Joip A K

(4) hy BEAR I P 08 A7 U 1) £5 58, W SC I 2 48
AL U8 A8 T FR AR Bl Lk A B B o DX B 1 T I A
[#] 250 7 AR o A% R T 5 R AR, A InSAR 5ok
2R AR G5 A - R — IR AU S Bl A W A
I DA S OR[Nl U A O
N R 7 i v N e U S DR A = W v o
L 2 S BT R G0, S P i R R AR R AR
iz ol M W T Ok AR 0 S W L Ak B 25 A InSAR
T8 W 45 2R S VE A e 67 W DR AR E P 4 AT X
PEB IR Tt o EE X V8 P U BB A R M S R
B, BT R I S RIS I 1 T, B AR BT RS PR
LR 1 B H b o

A SC LA e T ST G R RS RT & R G B
T IR LG A I B 2 U S IR LR S Ak
TR I 45 H T T Vs A 0 R 1 B 3R B i, S 2 i
OpenLISEM £ {H 15 2LF 15 % 15t P 78 8 A1 9 e 1% L It
LA Kl i L AT A A L T 2 R E et
T 9 1) 255 5 o KU PR o AT 5 SR A L 2l iy
e A U 1 By 3 T A o ik A 15 RN, 2 T 4R ) 4 R R
SR . AR FEAR SO R Z AT DI A X K
Tt e A1 % 1 e VI3 SE T B3R E 3L 1 5t e it UK
HEAT J5 22 KR DA 5 @WF 5 ke = 1 309 1 4k S 4
AN D4 T S B 2 106 U5t e TR 98 A O AE AR AR AL
SN R I AL I . A S ST R R SR K Tt
PR — S VT 30— 35t I K e R E B R
I3 3k 22 0 H A WU B v B AU 4t SR A

5 % X #f (References)

(1] Emld, Mgt 7, 450, 55 1 e V0 U S R 3 38 K

R G A AR B L[], R 2, 2025, 50(10) -
3885-3904.
Wang Gaofeng, Bi Yuanhong, Li Hao, et al. Develop-
mental and distribution characteristics and formation
mechanisms of large-scale landslide disaster chains in
Bailong River basin [J]. Earth Science, 2025, 50 (10) :
3885-3904.

(2] SB45EAF =20, 25 5 N A+ il s e v T00ES 3

KB FRAE S &S HLEE [T, B e BT, 2019, 33 (1) -
206-217.
Guo Changbao, Ren Sanshao, Li Xue, et al. Develop-
ment characteristics and reactivation mechanism of the
jiangdingya ancient landslide in the Nanyu Town,
Zhouqu County, Gansu Province [J]. Geoscience, 2019,
33(1):206-217.

[3] ZEZRN, W0, e, 4 e VA B0 7 98 47 i 35 L

— it R b KB A F kG AR (], M B B 4,
2024,43(6):196-211.
Li Hongjie, Chang Ming, Tang Liangliang, et al. Poten-
tial chain disaster evolution process of debris flow block-
age and dam failure floods in the Bailong River basin [J].
Bulletin of Geological Science and Technology, 2024,43
(6):196-211.

(4] R SRR DX V) T V6 A T HeE 25 1 2R R 40 o) I 33 9 2 UL

ETEWRFELD ] VU e - AR BE TR %, 2022.
Zhou Chao. Failure of the landslide dams and blocking
coefficient on cascade outburst debris flow in the highly
seismic region [D]. Chengdu, Sichuan: Chengdu Uni-
versity of Technology, 2022.

(5] RANGE 38 28 30034 S35t e 8 A7 U MLASE J R 00N A 2 1 6
SHAEDFFEWFFELD ] U1 R < A B R, 2022,
Zhang Ligiang. Experimental and numerical simulation of
the scale amplification effect of continuous weir failure on
debris flow [D]. Chengdu, Sichuan: Chengdu Univer-
sity of Technology, 2022.

[6] Tang C, Rengers N, van Asch T W J, et al. Triggering
conditions and depositional characteristics of a disastrous
debris flow event in Zhouqu City, Gansu Province, north-
western China [J]. Natural Hazards and Earth System
Sciences, 2011,11(11):2903-2912.

(7] WLPERR . IRAE M = 5, 56 SR SE AR HE AR 4G 14 X 18 ot

AT FE[I/0L]. AR KT, 1-9[2026-01-05].https: /
link.cnki.net/urlid/42.1202.TV.20250127.1344.008.
Cheng Zelin, Xu Hua, Wen Yuncheng, et al. Study on
the response of the grain-size distribution structure to
overtopping breach of landslide dam [J/OL]J. Yangtze
River, 2025: 1-9.(2025-02-05). https: //link. cnki. net/



513

5 TR < A e VT SRt o R A R L i R 413

(8]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

urlid/42.1202.TV.20250127.1344.008.
BE L R TE MR I 5 3 K S AL BERTT ST [ D] K
PREC R, 2024
Bi Yuan. Study on flood evolution mechanism of cascade
dam failure [D]. Chongging: Chongqing Jiaotong Uni-
versity, 2024.
Zhou G G D, Zhou Mingjun, Shrestha M S, et al.
Experimental investigation on the longitudinal evolution
of landslide dam breaching and outburst floods [J]. Geo-
morphology, 2019,334:29-43.
Fan X, Tang C X, van Westen C J, et al. Simulating
dam-breach flood scenarios of the Tangjiashan landslide
dam induced by the Wenchuan earthquake [J]. Natural
Hazards and Earth System Sciences, 2012, 12 (10) :
3031-3044.
VSR, 6, 250 4R L 48 2018 4F 10 H AT 1L H &I A
& P S — TR ST AR BT TS ). AR b o
#%,2018,26(6):1534-1551.
Xu Qiang, Zheng Guang, Li Weile, et al. Study on suc-
cessive landslide damming events of Jinsha River in
Baige village on Octorber 11 and November 3, 2018 [J].
Journal of Engineering Geology, 2018,26(6):1534-1551.
Zhao Tianlong, Chen Shengshui, Fu Changjing, et al.
Centrifugal model tests and numerical simulations for
barrier dam break due to overtopping [J]. Journal of
Mountain Science, 2019, 16(3):630-640.
TRAE AR, KL, 2 R, 5 7 ¥ B 55 AR 1L S T 7 R
HEREE AT S BTIR X R LT] B R 5 AR, 2024, 24
(34):14878-14888.
Wu Xianfu, Liu Jiang, Li Tiantao, et al. Chains gen-
esis analysis and prevention measures of potential haz-
ards in Longwu Dongshan gully of Qinghai Province
[J]. Science Technology and Engineering, 2024, 24
(34):14878-14888.
EFGAGE IR A A A T 2V IR I A
A1 AR B A 35 S B v 4 BT (T ] b [ b BT K S B A
2240,2023,34(2) :42-52.
Wang X, Hu Guisheng, Yang Zhiquan, et al. Charac-
teristics of intermediate frequency debris flow and analy-
sis of the hazard of blockage in Hada gully, Weixi
County of Yunnan Province [J]. The Chinese Journal of
Geological Hazard and Control, 2023,34(2) :42-52.
Cui P, Zhou G G D, Zhu X H, et al. Scale amplifica-
tion of natural debris flows caused by cascading landslide
dam failures [ J]. Geomorphology, 2013,182:173-189.
Zhou G G D, Cui Peng, Zhu Xinghua, et al. A prelimi-
nary study of the failure mechanisms of cascading land-
[J].
Research, 2015,30(3):223-234.
Chang Ming, Dou Xiangyang, Luo Chaopeng, et al.

slide dams International Journal of Sediment

[20]

[21]

[22]

Multi-scenario simulations for quantitative assessment
of debris flow chain hazards in southwestern China [J].
Catena, 2025,253:108900.

Ouyang Chaojun, Wang Zhongwen, An Huicong, et
al. An example of a hazard and risk assessment for
debris flows: A case study of Niwan Gully, Wudu,
China [J]. Engineering Geology, 2019,263:105351.
AR WY R E STV R R IR R A
UK AL S BB 73 47 (7). Mo TR 44, 2023, 45(5)
1116-1124.

Li Linze, Chang Ming, Li Hongjie, et al. Prediction of
the catastrophe process of the debris flow in Luojing
Gully after the “9-5” Luding earthquake [J]. China
Earthquake Engineering Journal, 2023, 45(5) : 1116~
1124.

JE BB W0 5k T, A OREVE B B i S T A I A IR
By fif i U A S RS T ] 9CF 2, 2025,40(2)
198-204.

Zhou Kangchi, Chang Ming, Zhang Ning, et al. Predic-
tion of post-fire debris flow source storage and dynamic
processes in the slope erosion of Tuwogou, Yajiang
County [J]. Journal of Catastrophology, 2025,40(2) :
198-204.

JVIE e WG BRI, DU SO /N Lt e A R ik
DURRARAE K 5l 3 3 ki A2 43 B [ 1/ OL ] iR %24 4R
i BB RO , 2025:1-11.€2025-06-12). https: //link.
cnki.net/doi/10.13203/j.whugis20250026.

Yin Daolong, Chang Ming, Chen Ming, et al. Analysis
of the erosion-sedimentation characteristics and dynamic
evolution process of mountain flood debris flows in Xiao-
gou, Hanyuan, Sichuan [J/OL]. Geomatics and Infor-
mation Science of Wuhan University, 2025: 1-11.
(2025-06-12). https: //link. cnki. net/doi/10.13203/].
whugis20250026.

BT A MR SCRIL L L S 0] b R ik R R XA S
EH TR R E AR T] A R LA R, 2011, 33
(S1):356-360.

Zhong Xiumei, Chen Wenkai, Hou Jingrui, et al. Study
on the development characteristics of geological disas-
ters triggered by Wenchuan earthquake in Wudu District
and Wenxian County [J]. Chinese Journal of Geotechni-
cal Engineering, 2011,33(S1):356-360.

% R WO, S8 L A5 1 e VR B 3 e A U R
FE Uk JE R B LT ] it v i 5 5 DY 40 M R, 2013, 33
(4):1-15.

Meng Xingmin, Chen Guan, Guo Peng, et al
Research of landslides and debris flows in Bailong River
basin: Progress and prospect [J]. Marine Geology &
Quaternary Geology, 2013,33(4):1-15.

(T #5424 )



424 NS L SR 546
associated with soil texture on steep slopes [J]. Soil Sci- residual soil [J]. Journal of Hydrology, 2025, 661:
ence Society of America Journal, 2015,79(3):917-929. 133606.

[50] SBEIRY, F 30k, s g4, 45 8 4w i v A% KGR B i+ [56] Jiang Chengcheng, Fan Wen, Yu Ningyu, et al. A new

HEht otk S g R X R T Rl TR, method to predict gully head erosion in the Loess Pla-
2016,32(10):129-136. teau of China based on SBAS-InSAR [J]. Remote
Guo Mingming, Wang Wenlong, Shi Qianhua, et al. Sensing, 2021,13(3):421.
Soil anti-scouribility of abandoned land and its relation- [57] Bouchnak H, Sfar Felfoul M, Boussema M R, et al.
ship with influencing factors in lLoess Plateau gully Slope and rainfall effects on the volume of sediment
region [J]. Transactions of the Chinese Society of Agri- yield by gully erosion in the Souar lithologic formation
cultural Engineering, 2016,32(10):129-136. (Tunisia) [J]. Catena, 2009,78(2):170-177.

[51] Babazadeh H, Ashourian M, Shafai-Bajestan M. [58] Tang Qiuyue, Liao Dalan, Lin Zhe, et al. Dynamics of
Experimental study of headcut erosion in cohesive soils run-off hydraulic characteristics during gully headcut ero-
under different consolidation types and hydraulic param- sion driven by head height [J]. Earth Surface Processes
eters [J]. Environmental Earth Sciences, 2017, 76 and Landforms, 2023,48(15):3395-3413.

(12):438. [59] Allen P M, Arnold J G, Auguste L, et al. Application

[52] RTS8 Ay JE K plopl 2 R N HoA e & ([T, of a simple headcut advance model for gullies [J]. Earth
K AR FFE R, 1982,2(3) :40-44. Surface Processes and Landforms, 2018, 43 (1) -
Zhu Xianmo. Main types of water erosion and related 202-217.
factors on the Loess Plateau [J]. Bulletin of Soil and [60] Rengers F K, Tucker G E. The evolution of gully head-
Water Conservation, 1982,2(3):40-44. cut morphology: A case study using terrestrial laser

[53] Kirkby M. Modelling the interactions between soil sur- scanning and hydrological monitoring [J]. Earth Surface
face properties and water erosion [J]. Catena, 2002, 46 Processes and Landforms, 2015,40(10):1304-1317.
(2/3):89-102. (61] PR IE . 58 (5 - BB ot 20 90 2 7 5k 7 B 452 o 3 g LA

[54] Gordon L. M, Bennett S J, Wells R R, et al. Effect of WgE [ D] E P P KaE, 2024,
soil stratification on the development and migration of Tao Tingting. Study on the development process and
headcuts in upland concentrated flows [J]. Water erosion dynamics mechanism of rill in purple soil slope
Resources Research, 2007,43(7): 2006 WR005659. [D]. Chongging: Southwest University, 2024.

[55] Wang Jianyu, Lin Zhe, Wei Jiangxing, et al. Influence [62] Elliot W J, Laflen J] M. A process-based rill erosion

of initial headcut height on rill headcut erosion mecha-

nisms via runoff hydrodynamics modulation in granite

model [J]. Transactions of the ASAE, 1993, 36 (1) :
65-72.

Velvavalvavalvavalveavalvevalvevalvevalvavelvavelvavalvavealvavalvavalvavalvevalvevalvevelvavelvavelvavalvavalvavalvavalve valvevalvevalvavelvavelvavalvavalvavalvavalve valvel

[24]

[26]

(E#% 41370

A BGEE, EARR 5 1 e VM T K R AT
Be e RO 7). VAL B 5T, 2011, 44(3) 1 1-9.

Zhang Maosheng, Li Zhiheng, Wang Genlong, et al.
The geological hazard characteristics and exploration
ideas of the Bailong River basin [ J]. Northwestern Geol-
ogy, 2011,44(3):1-9.

JEDHEE 0 AR S SRR X7 T JE AR R R o R
B I E R [T ] Rk}, 2023(8) 1 3115-3126.

Zhou Chao, Chang Ming, Xu Lu, et al. Failure modes
and dynamic characteristics of the landslide dams in
strong earthquake area [J]. Earth Science, 2023 (8) :
3115-3126.

BRERV-, 250, 5k FHH L A5 LB A SR 2 77 kA
BEVL B et oK ICE FEMT S LT]. v [ B K 5 B iR o
#2,2021,32(3):1-8.

Yin Yueping, Li Bin, Zhang Tiantian, et al. The Feb-

[27]

[28]

ruary 7 of 2021 glacier-rock avalanche and the outburst
flooding disaster chain in Chamoli, India [J]. The Chi-
nese Journal of Geological Hazard and Control, 2021, 32
(3):1-8.

JrHEA N R A O AR D A Tt Tt P 2 3
EIHRINEARBTT] KA %41, 2015,46(11) : 1298-1304.
Fang Qunsheng, Tang Chuan, Cheng Xiao, et al. An
calculation method for predicting landslides volumes of
the debris flows in the Wenchuan earthquake area [J].
Journal of Hydraulic Engineering, 2015,46(11) : 1298~
1304.

WAL 2 B IUHE R B LT ] KR K s B 5,
1982(1):43-58.

Xie Renzhi. Computation for the discharge from the site
of dam-break [J]. Hydro-Science and Engineering,
1982(1):43-58.



