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Abstract:This paper is the result of geological hazard survey engineering.

[Objective]Debris flow is a major geological disaster widely distributed in Bailong River Basin and often causes mass casualties.
Accurate evaluation of the scale and risk of debris flow is the premise of the early warning and prediction of debris flow. Reasonable
construction of risk prediction model is the key to debris flow disaster prevention and reduction. [Method]Based on the reported
debris flow cases and corresponding rainfall data in the study area, the quantitative evaluation model of potential debris flow risk in
Bailong River Basin is constructed by analyzing the key geological environmental conditions and their relationship, and two kinds
of critical discrimination models of debris flow risk level are proposed. [Results] The results show that: (1) The dynamic quantitative
calculation model of debris flow risk degree with debris flow activity scale, average gradient of gully bed, watershed cutting density
and unstable gully bed ratio can be used as judgment factors to quickly and accurately predict the risk degree of debris flow under
different engineering scenarios and rainfall frequencies in the future; (2) The topographic conditions affecting the occurrence of
rainfall type debris flow are composed of watershed area, slope area ratio of 10 °—40 °, average longitudinal ratio of gully bed, etc;
the rainfall conditions are mainly composed of 24 h cumulative rainfall before the outbreak of debris flow, 1 h rainfall or 10min
rainfall triggering debris flow, etc; (3) Based on the risk calculation results of 30 typical debris flow gullies, the critical
discrimination value of debris flow risk is obtained, and the 1h prediction model and 10min prediction model of potential debris
flow risk of rainfall type are proposed. Among them, the prediction accuracy of debris flow above high risk of class I model is
greater than 87.5%, the prediction accuracy of debris flow above medium risk of class II model is greater than 80%, and the
verification accuracy of the two prediction models is 83.3%. [Conclusions]The research results provide technical support for the
accurate early warning and prediction of debris flow, and have a certain reference significance for the establishment of small and

medium—sized debris flow real—time early warning system.

Key words: debris flow; hazard prediction model; topographic conditions; rainfall conditions; geological hazard survy engineering;
Bailong River basin; Gansu Province

Highlights: By determining the key geological environmental factors corresponding to debris flow, a dynamic quantitative
evaluation model of debris flow risk is constructed. According to the critical discrimination model of debris flow risk for 1h and
10min, the early warning and prediction of potential debris flow can be realized accurately.
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Fig. 1 Distribution of typical debris flow gullies and strata in the study area
1—Quaternary; 2—Neogene; 3—Paleogene; 4—Jurassic; 5—Triassic; 6—Carboniferous; 7—Devonian system; 8—Silurian; 9—Water system; 10—Debris

flow point; 11—Typical debris flow gullies coverage
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Fig.2 The flow chart of potential hazard prediction for rainfall-type debris flow
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Table 2 Weight coefficient and conversion function of risk
assessment factor for single gully debris flow after
improvement
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So=1 $9=>60

852208 X M) STHER RN 7 1l 3, =2 DU Rk
BLH RO AL, L2 RS H, A R BGE HE
AT A5 30 25 A A8 J6: B 1 A 49 3310 R £ 0.5.,0.25
0.17.0.08 (XA, 2010), W3R 2. SR XI5 X 30
SRVeAT LI 75 8 TG S e AN R R I3 R e A
T SE B BE AT VAN, etk 5 i A T fE B B (D 2
KA

H=0.5M+0.25J+0.175:+0.08S, (4)

A, MR A R e, A e A i
TGS m 504 TRIRE 05 2 22 15k
{8 MR A R IA R LR A 5 S A e A1
LI IV BB B 56 195G A ; So e A7 AN FRE 1 IR
Lb A so PG ARAE . LR AL PRESIR B L 26 2.

PR, TRV 50 a—i8 1 h e R0
41~49 mm, 17 — ARG A7 Ji 3578 1 h F5 FY 56 B 1k 3
77.3 mm, A4 F 100 a —# W, K ILLE &%
FERR St B T 25, 1 h B R X I 100 a— i3 78
AR KA, M 10 min e KRR 7E 16~30 mm
BRI, 5 20~50 a— 8 U6 A1 M 200 % — 3
ASCHUEENT 10 min F1 1 h P67 30 T8 78 G B M TR AR
R 22 SRR AR K 30 a— 1B A1 100 a— i 5%
PR IRA RIS GRS B AL R L3R 3.

PIAE BRI R FE R B S S a R I e RN
WA A& B (0~0.2) 5 IR B2 fE Bz (0.2~0.4) 5 1 B f& B
(0.4~0.6) 5 /25 JE 1G5 K6 (0.6~0.8) 5 H% 5 & K& (0.8~1.0)
(XK, 2010) o Ay 5 A 2 00000 A 7R 46 2 — B, AR
SCAE R BE 3 G R FH 4 900 531 K ARG A s I B

FE B A FH AR ARG (0~0.4 ) , LA 1 b6 B 25 23 [l
AR, RIEZR 3 fER BT g 3, LA 25
100 a — 18 R R AT e A0 0 VS A S 6 A i YA 4%
74 ER A H 1354, KA 1058480
fE e B 28 [ DLF 530 a— 18 BT 8 A0 I IS 7
PG FE i BVA AT 4 5F , AR 26 251048 R A B v
GERUIT o BREEARFFA H VLI TR A 3 5t
T A T B R A I AR A A M b S BT A R S
I 138 B RAS AN ] T A8 b

5 R B A I A o P TR

51 RARMEHIMFEES T

P R 208 Ve A e s g v 24, o 55
Ve TIE A I MR 2544 20 B L IX A B
R RFE IRYN L5 (4oik A5, 2015) o SR e A
UL T A A [ AR AR B B N R Y A T 3 s
B FE R 72— WS R A T IE R R EE YR 5%
1o HEIE A AT, S EARS B B & I A e
VLB B SC SR IE R 3 2 IS AR AR L
R K SR I B A (3R 4) A I RN L w1y
CAEIEHE , SN RHE

(D) WmBR AR 4. VA I i ek v AR 5 e A 0
SRR B PN [ A FA T BT S f A G, Tt T AR
BRIVA A AT BB B AR i Ll i o, B 2577
BZEEY S 5l g, S A TG S
BEMEA PRI, T 8 B SR HE AR DX A e A 7 D
HBYE N — I HIEH R

(2) RUBHEEE Soo BFFEIA R K 240 ) AU B
RAHAE 20°~40° [ BHIE B E TR (Aot %, 2016) o T
FF 5 DX T 3 A3 SR AR v R [25°, 45° ] IX [, T 31
TR 121.68 km?, (i B TAIFRIT) 54.3% 5 3% B M 150
~40° ()T 3% T R R, T IR TR RROR 162.81 ki, (1
AR 72.6% 5 HAE[10°, 35° X [a] [ ¥ 35 A0 X6 18
R . I IR [0°, 77°0, # /N T~ 5508
JEE 0 il 5 BE TR BR o0 2 L, A — 59,
24P ARG . @At AreGIS Z5 [H] 4347 T H
M\ DEM Hh 412 Y 5 35 B 71 R A A% 58 | ok A
P ZR BB 7 S B 5% 3 S 30 5 3 [T P [ AR A )
JEGT A R K BRI . 45 SRR, 10°~40°3E
IRBE FE CAE YA AR, ARSI R AR i 1
EMER, RAEZIE IR NG TR AW E,

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



740 i [

b J 2022 4

R3 ARRI0FRARAFEEFFAER T RARMEREEEKE

Table 3 Scale of debris flow and comprehensive risk under different rainfall frequency of 30 debris flow gullies in the study

area
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Fig. 3 The relationship between slope and watershed area(a,b,c represent analysis results of watershed area <5 km’,5-20 km’ ,>20
km?® respectively)
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Table 4 Statistical table of comprehensive factors for debris flow risk prediction of typical debris flow gullies

BEFS#sit

MaEZ F S T Fo G I,/mm I/mm Cy Ry R
PHF74 1.88 0.90 0.78 6.24 5.85 15.53 3220 0.43 0.88 227
b ERECR| 10.40 0.65 0.64 5.67 5.17 9.84 31.70 0.46 0.73 241
BRG] 0.63 0.59 0.44 7.92 7.66 15.53 3220 0.43 0.88 227
Z 5.26 0.56 0.51 791 7.66 15.53 32.20 0.43 0.88 227
el 8.20 0.63 0.61 6.47 6.01 12.25 25.40 0.43 0.76 1.86
Y ARG} 32.59 0.73 0.80 6.60 5.66 12.83 26.60 0.43 0.65 1.60
Fe Lt 3.60 0.85 0.74 5.54 4.95 18.04 37.40 0.42 1.15 2.95
H & 41.84 0.80 0.81 6.33 5.43 18.04 37.40 0.42 0.94 2.41
il 78 44.30 0.73 0.77 713 6.11 11.96 24.80 0.42 0.68 1.66
RS 4.28 0.54 0.54 7.18 7.01 25.04 51.90 0.47 1.21 2.74
TR i 3.07 0.31 0.32 7.58 7.68 25.04 51.90 0.44 129 2.92
WiV 53.76 0.60 0.71 6.86 6.74 25.04 51.90 0.47 1.21 2.74

WITHE  10.44 0.61 0.65 8.63 8.75 13.07 27.10 0.41 0.91 225
ANEETE 36.63 0.74 0.88 7.88 7.50 25.04 51.90 0.47 1.17 2.64

T4 3.66 0.82 0.79 6.48 5.97 15.68 23.60 0.40 1.07 2.06
(ERG] 2.44 0.82 0.82 5.92 5.46 15.68 23.60 0.40 1.07 2.06
LA 8.50 0.65 0.67 7.12 6.61 21.42 44.40 0.43 0.95 2.54

HEEY 117 0.71 0.57 5.92 5.46 15.68 23.60 0.40 1.07 2.06
HRILAKE  6.90 0.60 0.54 5.92 5.29 16.31 25.40 0.40 1.22 231
WIAKSRE 413 0.81 0.73 7.12 6.61 21.42 44.40 0.43 0.95 2.54
Ban e 2.40 0.78 0.69 6.82 5.66 14.76 30.60 0.43 0.87 2.05
TEKIE 2.08 0.61 0.53 5.16 4.61 16.31 25.40 0.40 0.94 1.78
TH T8 35.73 0.47 0.59 7.17 7.27 17.90 27.30 0.43 0.88 1.68
1R 4.44 0.50 0.54 7.54 7.00 13.22 40.30 0.40 0.80 2.58
iR 425 0.55 0.52 7.02 6.52 23.45 48.60 0.43 1.29 3.11
Kpeis 2.04 0.69 0.63 7.43 6.90 9.84 31.70 0.46 0.73 2.41
Ji 94 1.42 0.48 0.42 6.97 6.74 9.84 31.70 0.46 0.73 2.41
/INERTE) 0.93 0.58 0.47 6.17 5.55 9.84 31.70 0.46 0.73 241
AT 46.48 0.58 0.66 6.90 6.21 14.57 22.40 0.46 0.98 1.78
DU 34.00 0.67 0.77 4.36 3.62 9.12 36.60 0.40 0.64 2.18

A7 I Sl A A RN A A N R S A oK A
JISEIRAG , W IAE — o I BRI & 25 N A RE R 8h
S T R 40 22 AR AR I e ) 3 B T 7 Y3 O R
IR AU 0 G S O, [ eV Bk
Z ey M T e e XU 255 B ), A e )b i
PR A Ak 22 S Bk, TER 28 oA L K Ay A AN )
HANS G 8., JUHIE I 10 45 ()4 o B 19 £ A8
AART , T X B AT A LA ST IS Al 467 15340
SR G YA IS B P R RN B, BEE A R YL
TP FE AN £ B 63 Ab Bl p $th [ ¢ 5 W)
RY R RYFRE 10 min . 1 h,24 h %5 [R50,
BF ] B2 R 2008—2016 4F Ay Jiz e b JE2 2% 124 Xof 3 T

(IR, $2 B 8 4F- e A [ i B £ 4 - 2 i K A
REAE, TF 2 AreGIS 25 [ 43 Hr -6 B X 245
e KR W 2R FH Spline 7 {E 72 , #4 0 5 XAS [ e
B2 TN AF(EL AN 10 min FE7K AR 28 BB B 3 A o 45
SR, R VLI AZ SO M= | B B R
R, 175 & VA1 i 10 min A1 1 h B RN & HE
RATMEA R TEWFEE X R R e A i FE B P2 B A
10min [ R4 9.12~25.04 mm, 5= B {E X 3 E4E
EARILAE RS —R R S B, W& 7F 16.2~
25.04 mm, 8 4[] 3 A AT I K E R 3 4951 h %
A 22.4~51.9 mm, 171 5 B {5 X E B4 R e 1 e
AT 5 WK B — R VK BH B, W i 7F 38.7~51.9

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(3)



H49% i3 TR A  H A (R F VA UG A A R P TR R A R 743
L1 sy 1.05 1.7 .
1.0 4 @ 1.00 1.6
0.9 1.5
‘ ,0.95 )
e 0.8 A g o 1.4
0.7 °w 0.90f | 1.3
0.6 4 0.85 L2
0.5 0 1.1
04| @T=0.58 i 0.80[ (b)7T=0.62 1ol (©)7=0.68 .
0.20 0.30  0.40  0.50 0.18 0.20 0.22 0.24 0.26 0.28 0.06 0.10  0.14  0.18
0.3 0.3 0.3
J

[ & 15 Rk IR A iiiProne to debris flow

J
[ o | AN 5 K IR £1 #itNot prone to debris flow

P 4 BRI D 5 I RN R 5 2R (2 b e 20 A TR ARSS km? 5~20 km?®, > 20 km® (0B85 54%)
Fig.4 The relation between the concept topography factor and longitudinal ratio of trench bed(a, b, c represent analysis results of
watershed area <5 km’, 5~20 km’,>20 km’, respectively)
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Fig.5 The critical curve of risk prediction model of rainfall-type potential debris flow(a, b represent 1 h and 10 min critical curve of

risk prediction model, respectively)
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Table 5 Statistical table of validation results of model examples
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