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Research on Identification Model of Rainfall Induced Geological
Hazard Outbreak for Power Grid in Strong Earthquake Area

BU Xianghang, LIU Fan, CAO Yongxing, FAN Songhai, CHEN Ling, WU Chi, ZHU Ke, XUE Zhihang
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Taking 42 debris flows along the main stream of Minjiang Riverand Yuzixi catchment in strong earthquake area of
Wenchuan as research objects, seven specific characteristics, such asstorage capacity of material sources, occurrencefrequency,
catchment area elc., are selected for the evaluation of debris flow scale. Critic method is adopted to set up the identification
model of rainfall induced debris flow for power grid. And the identification results are divided into three levels: high, medium
and low prone areas of debris flow are 15 catchment basins, 11 catchment basins and 16 catchment basins respectively. Then
the once outflow volume of 26 debris flows in the study area isselected to verify the feasibility of the proposed identification

model of rainfall induced debris flow for power grid. Finally, the zone map where debris flows are prone to occurrence are

generated through ArcGIS platform.

Key words: rainfall induced debris flow; identification model; power grid

0 51 7

F, Do) EL A I A i e S ) v e, T —
L R S, I ) 3R T A 3 R A T AR A 45 H
0 NN 2 XA 110 kV Hi e 2R 46 S5 AL T K
RUCER E HIB R B EARTE, — DA &
IR B EHE  (HE IR B &)1 S kb A T ke, T
NIMZTE KR T ZE D 56 000 4b e W hRA
TR R T KEWIR Y fER)5 2P W 2

EEWE  [E R R A E 5B R AL B R R L i 5
(2022YFF0610603)

H UB AT T A R R RIIEER T R
5HR O3 T ok R R A A T K L R O R X A
[t T 9 3 =2 —00 ) SCHR[ 7] 40 H 1 78 ¢ X ot ¢
FOMNEIG AR N F 578 T DA E
2010 4F 8 H 14 HIRFERTIA AR T 74 2
U 22 SRR AT VAL, IS e TR A B | BELOT, Herh
e 55 SR PN AT £ 1) 5% TR 8 A T 3 A i g ke
FHH R R R E T M TR R R 2
BRIV A T, 5% 303 438 3% FE I, T UF ) e
FHEZHR , 2013 4E 7 A 10 HIRVT P 5k
FIPVR 2 e KLU , HARL TR R 2 980 J1 G,
AT UL 78 DU AT I 9 B X At S i ke



] AL T8 A i BRI 1) A AR TR 2 X e A
T AR A A3 AT R A R A A
1988 4E 73 Mrife A1 T HERUSE BE vfr | INERI 1 YA It
SR WO R Z G 28 T e A I T sh AR
TE BRI P T AR B W £, SCiik[ 12-13 ]
T B AME A N T RS DX YR A T v R I S
VA I AR T BRI 2270 5~ 10 a, 5% 0 B[R] 7T R
5 SCHR 14 ] 383 2 U o3 B 2 A A B Y DR 1A
HA R ARE M X 26 2% U8 A1 Ui i UM 17 40
DX SCRR L 1S ] M A B B AR 4 GIS 42X Catalan
Pyrenees Hb X Jé £1 3t 19 IE 5 S 4%, I 50 HE T 3%
B ITA752 FH B SO PPN T R A4 s SCHR[ 16 ]
F AR s T 1 e BT 48 SR8 i
ARSI I A Y 5 SR [ 17 ] 3l i 2 R A i, %
UG )1 3 R 0 Ay T A T R 53T

Bl 52 S B R T, 27 5 T TR TR 25308 AN )
B kS AR A T U PPN v SR AR T
WP RERY | [R]fE E 1 27 AN TR) 3 XS e A
TSGR PEWE I TR AL I Ak e I 8 A 3
PFFFED T T SO 58 5 DX H e A i A
WFFERT G PRFE B FEMNZ BT PR (4 T4 PR Y
PR 100 I I 2 4 B K 7 2 R U AR

1 BFFE X AR

FF 9 XA T F R0 10 ) 1] A2 93 L e 5 B 30 T
FHZ 460 km?®, Hiu A DU 1] 35 1 R 55 788 757 JRL 0 2o 0 b
i, FECAIRYIAY | B2 860 ~3950 m, 5T IX
JEE IR T PG L X IR VT K 2 IX PN Y i 1% R IR
T—%HH, I TREFEA RS ERL
KOREIE 5 AR KR M =B H N ED,
M RIE R UE T8 IA R s R R &
BRI B CA e THCE . i B8 T NE-SW
SE AT TILRZ 4> o )1 «5 - 127 4
R B FE—IE ] Wiy B o X AR i
)L VG, 5 F 60° ~70°, Fe K IE ELAEIE 20 5 m, e K
TKPAEIEZ) 4.8 m, fR% 2011 4EEKS E Worldview-2
TGRS e 55 1 X Vi AR L 6684 kb (Hoh
W% 5290 4b, A de 1394 4b) |, IRV 0131
i 42 S5l A0 R AR T R IR, il 1 T
TR VAT IR B T T DR 2 Y B 3 ek 2
LG0T 90% W e A ) I8 4 A TEFE T2 12 km

HERGE s e

5 DX Ja - LIRS R Y i 2 XU f 4
PRREEZ) 12.9 °C, e 2219 30 4F P ARF- 2 1 4
251 253.1 mm, FRAEFEFT IR 1964 421 1688 mm,
T KB N 1964 41 269.8 mm/d, REAE IR
S AT 6~9 H |, b7 T IE2AERERTRERY 70%

.. e = ; - P "'/ 7
—t tEni g 7 N 74

wrcyis [l o /0 iy & ) )
N I I Jyiny, !

= 4
A A
ey~ LA !
Ll v
z G

1 HMREXRAERMIESH

2 PEMY 7 —CRITIC ¥R

CRITIC ( criteria importance though intercrieria
correlation ) 2 % IR FR AR 4 1 (1 17 B Y[R
SCUAFE AR BT iR B S B 18] A4 i 5 1 S B, %%
WPFHHEPRIOALEE . X o i BE DUBR i 22 K 3w, Bl
FH IR AR AN TR 288 531 18] HO(EL B9 22 B 5 b Sk DL 4S8 B
] A OCHEAR T, AR IE AR DB, | e S
B X PEam B — 2 I, 45 B 18] b 8 55 AR 52 T A
PSS

1) A BIbR AR 4, i =X (1) X st iR B
AT TR ALAL 3

fila) = f
G = ﬁ (1)
o1, WSRO RAERCAE of (o) 3 j AT 22
o TS L AR ) BRI BT
RKRAH,

2) 55 j A HEAR AR LA ) o = { (x,(1) ,x,(2)
x,(3) e, (n) } BIAAREZE AR A o), AT DURIOR I
WRAEBRIA] A X EsR

X



3)IEA A A EBRIE R x; A x, [HIAYZEHE
HXRE

4)38 i (2) T E S j R AR TR RS B
BR/NC,

C/’:O-j*é(l_rﬂr) (2)
2H,m ARARIESR S,
5)F ¢ 7L THESIRPR IR .

C.
; : (3)

Y c
S, W MERRIORE €, WA AR

I=X
‘%E o

3 [ E YA I A AR U I PR

3.1 EFEERENE

R XA TS SRR TN S IR, F RS
TR A T G AU S RIS RS
LUy kb b (0 e 45 | 45 6 B A A K i N A9

JE0.2720) gk BORA TR AR ) ST B i P, R R
R F, PRI Fy RIS 2 F, ]
HIREE Fy FINKE Fo SRR F, 55 7 DI
T kK5 42 SRle AL UL, Flin F, e
TR A FE R F, B T AL K BE
71, F, P T s B BT e & /N, AR
P Z A 20 SRR A IS Ik 1
Fis .

FRAEE (1) XFRFSE X 42 4508 A 3 V) 14 5% I [
FHAT IR LA E W& 2 B s I spess 4b
PRECHRAS 3] 45 P 0 b o 25 B DR 7 T) AH 6 R 80080
W, bt 5K (2) SRS A R P & R fE B A
R (3) M AP HACE, sk 2 s,

MR 25 6] JLAAT 20 M7 2, B 91X P9 40 30 A ek
PR AR 7 2SN I — 25 B4k, AN TR A3 3 1 A )
B B — S BAR LA B R FAE 7 428 (B —
AN, B H LRI B AE CRITIC 35w B8 N 1%
TR Fe st . 28 2 AT, &N BT B ) HE
JIE R UERA 4% R X U8 A T A & A RAEAT AN [

*1 PHRERARRHERASH

TR T
B i AP
F,/(10* m*) Fy/% F3/(km)? F,/km Fs/(km « km™) F¢/km F;/mm
DFO1 4 763.41 5.00 10.66 1.83 1.43 6.37 56.50
DF02 KR 124.41 1.00 1.71 1.15 3.23 2.10 56.50
DFO3 AW 384.00 1.00 5.35 1.26 1.82 3.55 56.50
DF04 B 238.00 1.00 0.71 1.04 5.47 1.74 56.50
IR DF08 & 690.00 5.00 5.33 1.60 1.96 4.23 56.50
T DF09 L 75.00 35.67 0.36 0.94 9.54 1.15 56.50
DF10 RF M 346.00 49.25 2.73 1.74 2.63 2.57 56.50
DF11 eSS 463.00 37.11 2.02 1.82 3.26 2.59 56.50
DF17 ML B 253.00 35.45 1.71 2.02 3.69 2.44 66.00
DF18 —iK 1 633.00 46.67 7.18 2.48 1.66 4.82 66.00
DF19 T4 66.70 39.77 1.43 0.54 3.59 1.04 66.00
DF20 FLH 528.00 31.52 1.52 0.42 3.49 0.73 56.50
DF21 H % 02 1 326.53 1.00 7.89 0.73 1.50 1.75 56.50
DF22 KK 01 151.60 30.56 1.32 0.77 4.17 1.05 66.00
DF26 EFIL 254.34 58.49 3.89 0.62 2.3 1.42 56.50
DF29 K 4 525.50 41.49 23.44 0.84 0.9 4.38 56.50
DF30 TRk 95.88 34.67 1.28 0.30 3.92 0.40 56.50
DF31 Rk 181.91 48.93 2.50 0.59 2.88 0.96 56.50
DF33 TR 668.55 43.50 3.36 1.00 2.69 1.75 56.50
DF42 pIE S0 201.63 31.00 1.17 0.04 4.02 0.38 56.50




120

1 x L] + + + x -
IR
0.80 T - SRR
g 2,k x 5 BRI
x 2 " . - x X -y
= 040 x x o o . . . X a xR
. @ = e " " x x x e
- o . . x L, ° x " g o BVAKE
L I I e * g
qo% B ¥ R OB X — F %k F R OH K ¥ TR O7oul
BoE Tk x F X m B X W oA ox K H M 4 MR
WO a WE o ogE B ok W B W W oW LW ok kK R
I o1 WoW oW oW
V4
E W
2 HMESRARRASHMRAENE
*2 EFEBEXREER
s Fy F, Fs F, Fs Fe Fy
F 1.000 0.251 0.702 0.114 -0.439 0.612 -0.115
F, 1.000 0.272 -0.203 -0.359 0.085 -0.265
F, 1.000 -0.069 -0.594 0.841 -0.224
F, 1.000 -0.021 0.362 0.165
Fy 1.000 -0.568 0.085
Fy 1.000 -0.070
F, 1.000
o 0.233 0.278 0.258 0.219 0.245 0.270 0.248
o 1.838 1.726 1.306 1.236 1.194 1.278 1.591
W 0.181 0.170 0.128 0.122 0.117 0.126 0.156

JE IS, R B R CRA — E 1A B

R A 705 BB G SRR 1 A6 L 5 2 A o
Rk, o EH W T AE A KN, W F AU iR
R Fs T/ SN TAEAFENRENINA FF, F,
Fy Fo \F, Fso

oI THFFE XA R BRAE , B FT A2 AN, DR L 78
AT B A SR T W N DR O TR i e A 0
AR R WU R I 0 8 R BOR, e F, A
Fy ISP BT A
3.2 HRMEITMAREE T R IIE

H IS X N A I B S B0 A R A A B AR B
T BRI RS XV A1 U 7 AT T AL
L, TR X (1) S 52 IX e A I 4 A R
LR

R = 21 x,(k) w, (4)

K MIEM TR, i=1, 2,---,7;R HIRA T

BB 2, (k) A 2 P TE N B 0, N
22 7 AP AR AR,

255 BE AN A AT B AH DGR ST R X

42 ZUe A T I BURPER] 4 R 3 25 R<0.27 Sl

LR AT (4140) ;0.27<R<0.35 N R UgerE 98 £

WEE) 3 R=0.35 ARBUBTET A (k) . )

LA F R X AR, i ARCGIS &, 2 HIWF 5 X e
AU o XL A 3 i, RS X PN AR
R IR YT 3% 9 & B9 DFO1 ., DFO2 ., DFO3 . DF04
DFO8 X 35k e Ay 37 S i, B I 5 BT, AR i)
DFO3 1 DFO4 ,— HL & Ve A1 It th 55 18 [ | 3% ZEIR YT,
T, XTI T B ) G O AR S, 2010 4F 8
14 H # W 2z J&, DFO1 , DF02 . DF03 , DF04 , DF08 .
DF21 X342 ke RIS A i, IR T8 iR
XT3 5 iAo 43 v S0 U8 A TR ARG I 1)
DIV A T IR K 328 8l MEFRSERAE 7] LU ST A
T

W
1353

> &

e s &
V45

o

103° 18°0" %R

LT

X
2%

gl -

il 9'\
Js

31°12°0"Ik -

31°6°0"k

31°0°0"k

103° 24°0"%% 103°30°0"%%

3 BERABREARBBMESR



0.6

- RAMBEE

- = YR L R
0.4 = .
- _ - oo ) -
2; - = L]
= = . - . -
0.2
-
- - -
-
-
a
0.0 v L] ‘.'.‘ " a8 ® -' s—n—a
DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 23 24 25 26
Bk Zobg Mo LB £ RO - kB HMO - TR N ELY
(IS S Sl B S - G SR CIGTE SR
VOYE W AR W WE o )h ok B ok POk Vo W v L)L
2} 01 V4 o WOV W 02 ]
YR

B4 ERRARSREITMNESRAT A H AR

IR T IR GE, IR ATHL B SRR H A,
e 3t S A R A7 A R A 1, TSRS DX N
26 VAT LA B — R Pe A1 o B DR Y IR
TEYRAT It BB I A5 B ) AR 4, A 7 B A P
SN (-5 D840 T ol LRI UE AT, AN 4 R

HIPE 4 AT JeA7 i BB PR AN AL Y TR 4
S UETT VRS RO L AT, BFSE DX e A v i 3 A
55 2RI RS A e A1 AU & Rk
BT 819% , I UER T[4 i 2L Y A7 I 22 A iR Syl A Y
ARTATE

25 BPINA RIX BT X 42 Z58 A0 i A e fUEk
PEJeA 15 2% PRI AR 11 2% ARBUEET 1
Wi 16 2%, TR UYL BUSR AR R D A TR Y
AR CAERIAE R A T A IRIBIR e
FHBER A DL, 5 T NICEE K 4]
SEBUNMRRZ 5 Ve TR IR 26 25 YA iE
BURAL R ZEIR

4 4 e

b T AT R R R DX R T M e TR
(1) 42 AU T FE x4, S B A i ek 4
fEfiit BEIUR S 7 AN EER T, iEH
CRITIC 2 g 57 L 688 375 & 10 A 3 O 3 TR UIABE 7Y

1) FL oA [ T 2R 00 A 9 K 2 U DR R
R AR it R e A I 2 R AR A Ry R

2) BERI ST X U A AL SO 2 Ay e SRR AE | P
B MRRUERE =, Ll KR, 42 Fle A
53 R e AU R A I 15 4% P UBRE R A 11 2%
MRBURPER AT 16 45, 2010 4E 8 A 14 HR&FHiEA

DFO1,DF02 ,DF03 . DF04 . DFO8 . DF21 , ¥4 Sy K HI AR
VeI, 55 Frial o s T e U R A R R — B

3) i TR X AR T 22 ) AN K, 2 i U A
AU E 23 X AT AR R X e A T R R 2 X
S MR S . i TR ST DX A0 R BR A, S BRI
AR S AFARBER B ok | DR PPN A Y 0 )32 3
FPEIE R i — 2T

S 3k

[1] DAIFC, XU C, YAO X, et al. Spatial distribution of
landslides triggered by the 2008 Ms 8.0 Wenchuan
earthquakes, China[ J]. Journal of Asian Earth Science,
2011,40 (4) .883-895.

[2] ALEXANDER D. Urban landslides[ J]. Progress in Physical
Geography; Earth and Environment, 1989, 13(2):
157-191.

[3] HURLIMANN M, COPONS R, ALTIMIR J. Detailed
debris onhazard assessment in Andorra: A multidisciplinary
approach[ J ].Geomorphology, 2006, 78(3-4) :359-372.

[4] ZHOU W, TANG C. Rainfall thresholds for debris flow
initiation in the Wenchuan earthquake-stricken area,
southwestern China[ J]. Landslides. DOI:10.1007/s10346
-013-0421-5.

(51 BBk, 2 A AR 30 3 RE sk i i 35 e S Ko B HC 5 2
FFAESIAT[ )] 5K E SIS, 2009,20(3) < 1-7.

(61  XUEAE, I, 5 0% 501 b 52 5 72 X e 75 b [X e A U
AR e ] h#2A4R ,2012,30(5) :592-598..

(7] BBk, 1O bR MR 0 E 5 800 43 A [T LR b
Z4,2011,19(2) :145-151.

(8] R ZRE, THEDIZEXFEE S - 147 K KR
ATRE R A [T ] MR 2 (P [ RO 2 R )
2011,36(1) :172-180.



(9]

[10]

[11]

(12]

[13]

[14]

(15]

[16]

[17]

[18]

VFSR. DO)IA 8 - 13 R U A i O T HF i A 5 R

/R [J]. TR B4R, 2010, 18(5) :596-608.
TN S A i i ™ AR R AL S IT R[] K
EAREE R, 1986,6(1) :51-57.
DR, T — AR 5 B AR 350) 2 Rz U
RKFESERIE D VAN [J]. 5027 By KA 5T T 4741
1988,31(B-2) :655-676.
JENL 0| 72 X% T 8 i e A U3 sl S ptl [ ]
124 ,2010,28(3) :341-349.
TANG C, ZHU J, CHANG M, et al. An empirical-
statistical model for predicting debris-flow runout zones
in the Wenchuan earthquake area[ J]. Quaternary
International, 2012(250) :63-73.
ZHANG Wen, CHEN Jian-ping, WANG Qing, et al.
Susceptibility analysis of large-scale debris flows basedon
combination weighting and extension methods [ J]. Nat
Hazards, 2013, 66;1073-1100.
CHEVALIER G G, MEDINA V, HURLIMANN M , et al.
Debris-flow susceptibility analysis using fluvio-
morphological parameters and data mining: application to
the Central-Eastern Pyrenees[ J ].Nat Hazards, 2013, 67;
213-238.
CHANG Ming, TANG Chuan, ZHANG Dan-dan, et al.
Debris Flow Susceptibility Assessment Using a
Probabilistic Approach: A Case Study in the Longchi
Area, SichuanProvince, China[J]. Journal of Mountain
Science, 2014, 11(4) . 1001-1014
CHEN Xingzhang, CHEN Hui, YOU Yong, et al.
Susceptibility assessment of debris flows using the
analytic hierarchyprocess method-A case study in Subao
river valley, China[ J]. Journal of Rock Mechanics and
Geotechnical Engineering ,2015(4) . 1-7.
JAKOB M, FRIELE P. Frequency and magnitude of

debris flows on Cheekye River, British Columbia [ J].
Geomorphology, 2010, 114(3) . 382-395.

[19]  [EIREL, XI5 3R B TBOMI 7T 34 5 ¥ 19 U8 10 Ui 1 s
DXAIBFE[ J] R ,2006,21( 1) :68-72.

[20] s MLar, 20, W, A8 8 R 43 BT i TE
S/ O e I e SN D IV 3 6 I = e 4 =
2010, 31(9) :2925-2929.

[21] LIHB, FUXF, VAN DER WOERD J, et al. Co-seisimic
surface rupture and dextral-slip oblique thrusting of the
Ms 8.0 Wenchuan earthquake [ J]. Acta Geol Sin,
2008,82( 1) :1623-1643.

[22] BURCHFIEL B C, CHEN Z L, LIU Y P, et al. Tectonics
of the Longmen Shan andadjacent regions central
China[ J]. International Geology Review,1995,37(8) :
661-735.

[23] TANG Chuan, ZHU Jing, DING Jun. Catastrophic
debris flows triggered by a 14 August 2010 rainfall at the
epicenter of the Wenchuan earthquake[ J]. Landslides,
2011, 8.485-497.

[24] DIAKOULAKI D, MAVROTAS G, PAPAYANNAKIS L.
Determining objective weights in multiple criteria
problems ; The critic method[ J ].Computers & operations
Research, 1995,22(7) :763-770.

[25] LINPS, LINJY, HUANG J C, et al. Assessing debris-
flow hazard in a watershed in Taiwan[ J]. Engineering
Geology, 2002, 66(3-4) . 295-313.

[26] FBBRZE, JRMSHRE, #2057 A 3 H i AR KR
AU R AR 7 A [ 0] K R 2 4, 2012, 43 (2) -
140-146.

EZEE T

FAEAL(1987), B, BB AR AT 50 W 3 E AR

RE by TAE

(¥#s H #5:2023-01-31)

(E#% 55 W)

(3]

(4]

(5]

(6]

(7]

AR R AL 5 R & 235 350 A 445 440 1 o 0
MedE B R IIAR . JG) 82—2011[ ST bt h EE N T
b H RiAL 2011,

TRHAE, BRLA—, BEBE, 45 30 R R A 5 i 0
Mol E S R RE (1], MR R0 (A R B
f%), 2003, 31(5) :510-514.

FAE 24, BRBHI. 1 o WA 4 7R R D 3% HE T Y AR 2 )
TRELLT]. IR HARBLARR, 2013, 40(3) .
21-25.

XU, A% 07, B SORE | 45 7R R R sl I8 32 T g
IRIGHFSE[J]. LRGSR, 2013, 20(2) :211-212.
MREA3E. A5 I M. db st B A,
2005.

[8] HEZAMARRAFIBHZAIHIF. 110 kV ~ 1000 kV 428
L 2R BRE T R IS SOMIE . Q/GDW 10115—2022[ S].
JUET . v L g R, 2022,

[9] oot BRE MG FMIM]. dbat. mEEE 0
A, 1995.

[10]  whrdE AE R 3 5 Aok & #3030, 4N 45 F B0 b
#E:GB 50017—2017[ ST.AbET : v IS Toll Y Rkt
2018.

[11] SEYEELHE R AR T 52 i 2R AT S
T4 B THAGR BE FR IR A 5 UE R DL/T 284—2021[ S].
b, A E T AR, 2021,

EH BN

B AR(1984),8 Mt  HA AT AFHBER T
AR E R I, (WrF5 HH#4.2023-02-05)



