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Debris flow hazard analysis before and after improvement of Hanjia gully control engineering at the

source area of the Fujiang River

Abstract: [Objective] Debris flow from the Hanjia gully develops on the left bank of the source area of the Fujiang
River, Fenghe Village, Xiaohe Town, Songpan County, China. In recent years, debris flows have occurred frequently, and
the largest debris flow occurred in August 2022, which seriously threatened the lives and properties of villagers in the
Hanjia gully. Existing prevention and control engineering methods have decreased in effectiveness or even become
ineffective. Currently, researchers have set a variety of extreme rainfall conditions and used FLO-2D to analyze the hazards
of debris flow, based on which the governance effect of debris flow prevention and control engineering can be evaluated.
However, there are few reports on how to improve the prevention and control engineering and evaluate the effect of the
improved prevention and control engineering when the existing prevention and control engineering is ineffective.
[Methods] To reduce damage to the Hanjia gully, the characteristics as well as prevention and control status of the debris
flow in/from this gully were determined using remote sensing interpretation, field investigation, and FLO-2D numerical
simulation; subsequently, improved prevention and control engineering was proposed. The hazard of debris flow before and
after the improvements in prevention and control engineering under different rainfall frequencies were studied to analyze
the effectiveness of the improved prevention and control engineering. [Results] The results show that the Hanjia gully is
located in the "8.8" Jiuzhaigou earthquake disturbance area, the static reserves of post-earthquake landslides and collapses
are about 49.79 x 104 m’, and the debris flow sources are abundant, which leads to frequent debris flow during heavy

rainfall. The high-hazard area is concentrated in the No. 1 retaining dam, and Fenghe Village and Pingsong Highway are in
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the low-hazard area under a rainfall event occurring every 10 years, and the existing prevention and control engineering can
effectively prevent the debris flow disaster. Under a rainfall event occurring once in 50 years, Fenghe Village is in the high-
hazard area of debris flow. The debris flow rushes out of the drainage channel and destroys the Pingsong Highway. The
maximum mud depth in the accumulation area increases from 1.41 m to 3.14 m, the maximum velocity increases from 2.4
m/s to 3.65 m/s, and the accumulation area increases from 0.28 x 104 m’ to 5.41 x 104 m2. However, the existing
prevention and control engineering methods cannot meet these requirements. After adopting improved prevention and
control engineering, such as multistage retaining dams and cutting and straightening of drainage channels, the flow velocity
of the debris flow in front of the two additional retaining dams becomes lower than that before the improvement, and the
depth of mud in front of the additional retaining dams becomes higher than that before the improvement. The maximum
velocity of the debris flow within 100 m of Dam No. 3 decreases by 29%, and the maximum mud depth increases by 413%.
The maximum flow velocity in the first 100 m of Dam No. 2 decreases by 21%, the maximum mud depth increases by
175%, the maximum mud depth in the accumulation area is 3.9 m, and the maximum flow velocity is 3.4 m/s. The
accumulation volume of debris flows is reduced by 50.2%, and the accumulation area is reduced by 86%. [Conclusion]
Improved prevention and control engineering can effectively reduce the solid mass of debris flows and guide debris flow to
discharge along drainage channels. The high-hazard area of the debris flow is concentrated in the drainage channel, and the
control effect of the debris flow is remarkable. [Significance] The research results provide a scientific method for
evaluating the effectiveness of debris-flow control engineering improvements and offer technical support for local debris-
flow early warning systems.

Keywords: engineering geology; debris flow; improving prevention and control engineering; governance effect; rainfall;
geological hazards
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Fig. 1 Geological sketch of the source area of the Fujiang River

(a) Regional geological map; (b) Active structure distribution map

FERROR . SR A 5838 18 FLO-2D B4 455 400 43 #r i
FAR Ve A T AE B A TR S HE R S 09 YR TR | U M S
31 MHRRARPEIREIT

“8 + 197 A1 Ui 7E HE T A 45 AL vh I, I
FRUETRIE 4 m, vh S T A8 2 B 0 ), 9 38 4 T -
Py B, 75 JE 3 2020 4F B 6 T8 AN RE W 2 50 4F —
i Yo A AU L TR T (] 2c—2f) , AR AR
R T SNy [ N = 1/ S N v i i R s B
B, BARFEREF .

(1) 7 Ui 3 DX B 4 2 )36 32 #4400 (&1 3), DAk 3%
155 WO B2 9300 /g W AR g o 30U LA S 500
% 15 W(E 2g), H A& M rl i i FLO-2D K

(L RN RTINS IB1 =57 <SR U L Tl A NN B L (U R VA
K 345 00 OB A2 300) 38 8 7 3 X b0, RIStk A
F 8 I 1) U T — S B A, TR IS S 3
HIXWmEARES, 35 FREME R A
B2, AR TR A Xt 2 S vhis s 2 S
TEW A BRIR L0, PR S 3 SR e —
FE B DGR IR H PR 2%, Hoa Ak e 40 o A, 5 T
LR A

(2) Btk J5 A HE SR, K HE S RS R, DAY
58 HE 54 10 3 3 RE T (181 3), BRI A TR e 5
32 EMRG

1986 4 F BRI K 24 55 & H /42 T FLO-
2D, 3X S — Ff AR B ST At K G S AR AL, BT TR U



% 43 FEVESE . 5. VLI DCRE 5 Y0 R AT VIR TS N I S5 0 663

AR
o3 HIK A TS
KL in]
CQHZ M TR
= AP0
JEAT HE AW
“8-19” HEFLIX

o
BERSW
a— 8 R {A U A I I S A B AR S N R A A b— R A TR HE AR X o— YR A AR A B d— VR A T P Sk B e—HE S A A B i YR A
F— YR AU vk L A g8 R0 VR A R T
B 2 & R WA AR R R A AR &8 - 197 IR A 3k i

Fig. 2 Distribution characteristics of collapses and landslides and remains of the "8 + 19" debris flow in Hanjia gully debris flow watershed

(a) Remote sensing image and distribution of collapses and landslides in Hanjia Gully debris flow watershed; (b) Debris flow accumulation area;
(c) Debris flow burying the highway; (d) Debris flow that washed away farmland; (e) The highest mud position at the bend of the drainage
channel; (f) Debris flow that washed up the drainage channel; (g) The retaining dam at the mouth of the gully was filled with debris flow material
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Table 1 ~ Static reserves of slumped masses in the Hanjia gully watershed

Hir's JRARIEAYx10° m? HWRYx10* m® 4 FAYE AR TE AL/ % 10° m? HBYx10* m?
N1 229 6.66 S4 1.60 474
N2 0.69 2.13 S5 0.76 233
N3 0.24 0.78 S6 3.17 9.08
N4 0.63 1.95 Wi 0.12 0.40
N5 0.26 0.84 w2 0.31 0.99
N6 0.50 1.57 w3 0.24 0.78
St 0.17 0.56 W4 0.92 2.80
S2 3.69 10.49 W5 0.26 0.84
S3 0.62 1.92 w6 0.29 0.93
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engineering before and after improvement
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Fig. 6 Mud depth and velocity of debris flow in different control engineering conditions under 10-year rainfall frequency

(a) Mud depth of debris flow under existing control engineering conditions; (b) Velocity of debris flow under existing control engineering
conditions; (c) Mud depth of debris flow after improvement of control engineering; (d) Velocity of debris flow after improvement of control

engineering
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Table 2  Simulation results of debris flow under different control engineering conditions

ey TR IRT100 mPERk HURT100 mA R WARERY  JeamfEy s B R
RRJ 00 258 YT U 5

FERIRCE BN JevR/m e/ (ms) <10 m? <10 m’ <10 m?

1Py, 1 4.07(1%) 1.98(1%) 0.28 0.10 0
104F-—1

P, 3 1.05(1%5)5.23(2%5)6.2(3%) 1.40(1%5)2.07(2%5)2.04(3%) 0 0 0

1P, 1 8.85(1%5) 2.3(1%) 5.41 2.15 0.47
504F—if

1Py, 3 6.17(1%5)6.07(2%5)6.88(3%5)  2.26(1%5)2.56(25)2.61(3%) 0.76 1.07 0

FE: V5 RS BP0 245 395 A4 3

R3 TREBAIETHRENEREER. SXRERSREEUER

Table 3 Simulation results of hazardous area, maximum mud depth and velocity of accumulation area under different control engineering

conditions
fE 8 X ALY/ x10* m?
[ F A3 % EHLIG T e K/ (m/s) K /m
oyl PGk LR
1P, 0 0.11 0.17 2.40 141
104F—i8
P, 0 0 0 0 0
I Py 0.44 1.43 3.54 3.65 3.14
504F—
I P, 0.35 0.12 0.29 3.40 3.90
42 ARBEMEIRETHRERAGRERE I8 Ve A 16 16 M 4y DX bR v (3% 45 BTG 45, 2021)
(1) 10 4F— 1 [ FR A %6 T R X (A8, £ 5).
e FONE B G T8 N 356 590 U6 A U Ué TR A P I 3 o N N A i = [ 5 R A

A RIS R, Gl P TR L YR IR U SR AR A RO TR DXYA A, 8 0T 7 AR X R R i S A2 e
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Fig. 7 Mud depth and velocity of debris flow in different control engineering conditions under 50-year rainfall frequency

(a) Mud depth of debris flow under existing control engineering conditions; (b) Velocity of debris flow under existing control engineering

conditions; (c) Velocity of debris flow after improvement in control engineering; (d) Mud depth of debris flow after improvement in control

engineering
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Fig. 8 Hazard distribution of debris flow in different control engineering conditions under 10-year rainfall frequency

(a) Under existing control engineering conditions; (b) After improvements in control engineering
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Table 5 Statistics of hazard zones of debris flow under different control engineering conditions
J— R HfEkIX fRAERIX
% PN w s X BV HIER
BERTECE  BUUGL 10" m? iR ——— iR o S TR L e o S TR L
/%10 m?® o /x10* m? 1% /x10* m? 1%
[Py 29.22 0.64 2.19 1.91 6.54 26.67 91.27
104F—1%
ey, 28.79 0.62 2.15 1.83 6.36 26.34 91.49
L Py 36.08 1.83 5.07 5.01 13.89 29.24 81.04
504 —18
Py, 31.56 1.99 6.31 3.99 12.64 25.58 81.05
e A Y [ A 5 DA, s 0 R G K TR /DN, 8 A U R A I A A

(2) 50 4% — 18 [ T 4 %

BT AR B 36 TR T 5 598 U6 A I e TR R
T AT 2 B AR U U8 A A B M A DX o (5R 4)
HEAT U A TSR 4 X (9, & 5) .

TE 1 Py 2T, B FE I X 32240 A 76 15 IR
Jei « HE SR Y R e R B 2R VTAE B, BT HE S

|
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Fig. 9 Hazard distribution of debris flow in different control engineering conditions under 50-year rainfall frequency

|k

(a) Under existing control engineering conditions; (b) After improvements in control engineering

FE, LA oL HE SR, R B B R B AL T e
B X (&L 9a) , w6 DX THT AR 24 1.43x10° m?, IR A s X
T AR 2 3.54x10% m*(5 3), Bib IR 58 1 AR 2y 0.47x10°
m’ (£ 2) . Py 4T, Ve A ob 8 15 TR HE
SR, L E R XA R T HE SR N, BEK Bh
T EAFREAR, R I e A R T HE A 9 (1 9b)

KT et i (151 10) 5 3 5 WA 100 m i 4 I8 A1 3

5 Brie TAR BCHE A JE BOR AT b A

A9 f K 2 B 3.66 m/s AR & 2.61 m/s, i KU IR H

1.34 m N 2 6.88 m, 2 5 U HT 100 m 7 [l P 1) B K

T 1L Py 2600, AHEC T 1 Po, 300 A4 19 2 22 45
SYUIL AT 8 A7 I I T 2R A /0N T S0 I, AT 9 TR R AR

T 3.25 m/s [EAR E 2.56 m/s, % R TR IE B 2.21
m 32 6.07 m([& 10), 156 I8 i B L R A
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Fig. 10 Change curve of mud depth and velocity of debris flow in different control engineering conditions under 50-year rainfall frequency
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Table 6 Numerical simulation accuracy of Hanjia gully debris flow

He B A/ > 10* m?
%@Z AC
S, S, S
(TP 5.15 5.41 457 75

SCEE PTG R P DL R HE A AR R
S Pk 1) By 6 TR e

(1) FLO-2D H #5L A [R] [ W 451 5 F B 36 T F2 2
HERI 5 5 58 e A T fE B M o 45 SR R A B
B TRBRZMET, B 10 4 — B R 2 50 4 — B FE,
e £ i 2 ki HE B IX e KU VR e 1.41 m 340 % 3.14
m, 5 KU R 2.4 m/s B9 E 3.65 my/s, HE R AR
0.28x10* m® H4 /i & 5.41x10* m% 10 4F — 38 ¥ £7 i &
fE B X Ao F 1530 1, BA B G T 3L AR Al i
JEBE KR . FEBA PR TR AT, 50 4 — il e
A1 S B DAL T HE AR X, A H L B R R Ak
T fa R DX, HERRIX S A X AR 2y 0.44%10° m?,
e 18 DX T AR 24 1.43x10° m?, 1% /& 6 X 1 AL 2 3.54x10°
o, A PSSR Ay IR A, RN B

(2) b7 i6 TR it i, 38 0 iy w9 JAE 425 4% 300300 i
e A7 I8 0 3 B A /N T e I, A0 I TR R AR R ek
HEHT 5 35 WUHT 100 m ¥8 [ P U8 A7 3 09 5 K 3T
BET 29%, e KUETRIGIN T 413%; 2 %5 HURT 100 m {8
Bl P9 1 i R R T 21%, e KIBIRIE AN T 175%,
Ve A 7 HE R A D T 86%, HEAL X Fx RIB IR 3.9
m, f KU 3.4 m/s.

(3) it 1 By ¥ TR W] A A b s /N U A 3T it
F A 0T S, 5 8 A T T HE SR R, U AR
e G R AR T R S A P, e e R DX T AR e D
2 0.35x10* m?, HrfE B X AR IR D & 0.12x10° m?, 1K
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