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Hydrodynamic Erosion Initiation Mechanism and Dynamic Monitoring
of Low Frequency Gully Debris Flow
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Abstract: The Yangjia gulley debris in Zhejiang Province is a typical low frequency gully debris flow
the the

characteristics, types and formation mechanism of debris flow are analyzed., and the susceptibility and

formed by water erosion. Based on background of geological environment, subarea
hazard of debris flow are also evaluated. Then the rainstorm intensity index is established by statistical
analysis method. In addition, through mechanical calculation and limit equilibrium analysis theory, the
hydrodynamic erosion initiation model is established to determine the critical runoff depth under rain
condition. Based on these studies, the progressive hierarchical comprehensive early warning system is
constituted by combining rainfall, mud water level and flow index. Finally the remote automatic
monitoring network system of debris flow is built up from October, 2012 for monitoring control and
early warning. The results show that the Yangjia gully is a small enclosed watershed with distinct zoning
characteristics of catchment area, formation circulation area and accumulation area. The debris flow is a
low frequency, small scale and diluted water stone flow triggered by extremely heavy rainstorm. The
susceptibility of debris flow is moderate, and it will harm the village area at the downstream of the
gully, and the degree of harm is relatively high. When the surface runoff depth of loose material sources
in the gully formation area exceeds 1.0 m, these loose materials are in a critical unstable state and easy
to be eroded. This critical runoff depth can be used as an effective criterion to determine whether the
debris flow is started by erosion, and the comprehensive early warning index of debris flow can be
determined by combining the R value of rainstorm intensity and flood peak flow Q4 of 31.83 m®/s.
Through remote automatic monitoring, the R value (2.4) is less than 2.8 during the monitoring period
(2012 - 10 —26—2022 —10 —10), the gully area is in a safe rain situation, and the gully mud level does
not reach the warning limit of surface runoff, so there is no hydrodynamic condition for the formation
and start-up of debris flow. Moreover, the gully flow is normal, and the maximum value (1.70 m®/s) is
much less than 31.83 m®/s, and there is no adverse phenomenon such as debris flow or channel
blockage. The gully area is relatively stable throughout the monitoring period, and the possibility of
debris flow occurring again is small. It is also confirmed that the comprehensive monitoring network
system based on the characteristic parameters of hydrodynamic erosion start-up is an effective technical
method for disaster prevention and control of low frequency gully debris flow.

Key words: low frequency; gully debris flow; hydraulic erosion; critical runoff depth; remote

monitoring; comprehensive early warning
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Fig.1

Plan of debris flow gully in the study area



922 F=I NN 2

ROl Bk B 2 O

5% 54 &

HoeHE 22, IR bR 4 KL 2 2 s E
REEH 0.5~1.0 m, IHARZESZEE O L8
0 WA R T L S5 RN B, T SR, v S R
WA R B0 10% ~20% KR — R 2~5 cm,
JMER R FH K 5~10 cm, JEE — A 0.5~1.0 m Z
B8], w38 R A DX AR G2 bl T 3K 1.0~3.0 m,
8 E T YA A b S 22 WA o3 A b SR G
BUZ AR KA w65 R g+, 5
TE 2.0~4.0 m Z[d],

il A i B AR R IR

4 X B AR HFE
W ZR Ve AU T O 25 B /N iR R R B S
G LR R T 22 i 3 1 0 38 10 DX, R R A 2R
[6] P4 32 R AT . o 3 6 T L ) e 45 o, BB A 2
T+ Ve A1 B PRI 1 — T DX 5 T A X
FEXFAR S RTS8 A 3 4 BLIX

SR LA P XA — R Y U 2
Sl ) B A A T AT K DX i X R AR X
DCRRERH . (1 2)

2

2.1

88.5°
750f g

i B it

2.1.1 KK

7K XA 5 21 AR ) e T30 28 o ) b o, A
H AR R T A B /D U B PR, AR AR 330 ~
750 mZ ], AHXF T 22 8 250~420 m, AR FE— ik
TE 30°~50° 22 (0], A I w38 o7 F 3L Bk K X Ui
B B R T A T o R R T K i 6 2K U I e K X
LR AL 1) F 7 vh I B T s Py I e R 1A A
TE R AR HEE . R R B K X R K R AE S
oAt P M . o A R U T Ah R I E — G K
=38

2.1.2 Fm—RBERX

T — U 1 X 3 AT ehyl B K HLBE
B AR 7E 200~ 330 m Z 6], A% E 2 100 ~
130 m, KK JEh 300~ 350 m., V- B 45 5 B 4k
T CEB WP REAE 390X 2547 .

e R T R VIR L T A UTE.
WIBFERE R 2~5 m, B L F AR5, wE )
AT Z AL AR 5 JE B — R 0.5~1.5 m(&]
3) R B R E . R 2~3 m B F kL v R R
JEE IR E ),

i 7K

A

%

v

700

650

600

550

500

&/m

4501

=n
=i

400

350

300

2501

200

150

50 100 150 200 250

RIS A

-ﬁuh—zB%%%‘alVH [ o sk

it

300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1 050
KFHE B /m
U /7 Thokis s, s [QF] LEHSGHMBUR

EALER3 T

[ ] b

2 MRERIEHMEINEE

Fig.2 Engineering geological section of gully in the study area
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Fig.3 Loose materials distribution of flow gully in the study area
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