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debris flows in strong earthquake areas, this study, based on the results of the National Key R&D Program, investigates dozens
of typical mega debris flow gullies in these regions. Through test verification and demonstration engineering application, the
characteristics of typical debris flow ditches and their prevention and control engineering effects were studied, leading to the
construction of a comprehensive technical system for the prevention and control of mega debris flows in strong earthquake
areas. A key technical system for exploration, design, prevention, and control of mega debris flows in strong earthquake areas
was formed. The exploration and design system introduced new technologies for identifying earthquake-induced fracturing
sources and novel approaches for determining blocking coefficients based on existing exploration technologies. According to
the morphology of debris flow valleys in seismic areas, debris flows are classified as narrow and steep or wide and gentle. The
key technology system for prevention and control was established to comprehensively discuss and practice key technologies for
preventing and controlling debris flows in different valley morphologies. Considering the characteristics of debris flow valleys
in the upper, middle, and lower reaches of both narrow and steep or wide and gentle debris flow valleys, a combination of
various comprehensive prevention and control measures was proposed. This led to the establishment of a hierarchical control
system for major debris flows in seismic areas, from controlling the source to the process and ultimately mitigating disasters.
This system not only provides technical support for comprehensive prevention and control of debris flows in seismic areas but
also serves as a reference for comprehensive prevention and control of debris flows in non-seismic areas.

Keywords: debris flow; strong earthquake areas; comprehensive control system; earthquake-induced fracturing sources;

blocking coefficient; narrow and steep type; wide and gentle type
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Fig. 1 The overall framework of the comprehensive prevention and control technology system

2.1 AV R
2.1.1.1 RIS

SRR e A VA SN A B L T SR IR A
& Je A AN A R IR R T e o R AR AN R AR B 1Y
A3l AR AN, e A T IR 2SR 3 S AL HE
TALA U5 98 TE W0 U5 R AR DU, AR SRR X, BREA B
PEAN, 0 025 R R AR 2L LR TR AL TR B R 245

5 S 7 5 R DX e A U VA Bl B i 3 K 5 R W)
PRI S RRIR P UG AN 5 A dn AR DGR SRR R o A
FEAE 5 b 52 00 W (B 0N 2 B (PGA) A5 2 FN B )22 1B 42 30
5 B TEAH DG, 85.48% 1K MR E Tl i AN,
BRGS0 Ay e A T R A T R A ek B R 2
SRR T SR = g R

] 58 1 SR R TR 3 E X iR X v 6 2 TR R
FIHATIITE . LTI | SRR, REE] | g
P28 A5 5%, Ht R T R A BB 5 52 R VAL Y el ik
TAEA A EI T, B S T R IR . 45
B R DX UG A T 1 07 2 SR D e SRR R AR, A2
JESEAGIERN L5 ) AR B AR A T V5, b 4 R
AR T B A R SV R R T Rl R R
P 1 5 5 B AL R A IR TR T T — S | A
B DXl 1A R R B IR A O, AT TR )
ERULTRE i, HFiE— 25 AT KIS EE R H—1k
FE 9% 48 %X (normalized difference vegetation index, NDVI)
FROE B PR ) E R IE A5 2 R RN Al G SR, X RO 45

RRTIFE— 2 i v, $2 M AW IR RIS S PR T
I FURBE 27 2] AN T4 B 1Y B A Al 5275 Dyna-head
Yolo v3, B X X dal i 8% 15 Rl BE A7 VA 38 Y e 0 72
ZUMPIE HEATIR )5 51 A FPN-rUnet 43 31 % 2% %t H 44 iz 54
PR X Sl FEFEA TR SCAr ), S5 G B ST Il )3 45 2]
1) 22 S 5T 1) S B RV RGBT 0, R 2 24 5T 3
JELRE AR A5 58, R i X R S LR TR s X
K ahf o Mri 2% . WF5E R A T B
Fe (A S L AR R S AR, BT R k 84.89%1 (K] 2)
2112 HERE WA

e A e -5 R LU A I B9 32 2 X0 TE T R ik
KRR EIR, 5800 A 52 K S e J it ) 2 A=
JZ AR PRI 7 e e A i 2 AR SR LR 5 40
WATRA REZES . R XSG E A Tk, I
TR, S E R, E R E Rk . A BV E
AR R R B AN i | JAiE
PIEBE ., 1 R NI BE A o5, 7638 302 1 H B R
A B AR 24 WA AR, AR S e I e A
TA AR . Ho )5 U A7 78 T8 P & B K A 4
I KN B, T — A sk 2 AT 0, 7E
RN 25 0F PR S R AR TR B e R A 37, 3 5 & TR
AP R RLN, PRI, 22 90 22 55 3% 5 08 A i i
) £ K T — e A T

588 7 DX AR R U A U R TR o EFR AR 2 R £ b
VBRI S ) 240 56 7 X e A Bk Bl TR A% O AL ) B, 3



=n

2024 4= =

B, A DT LS AR DR R e A i

LRI AT

RS B

S, )

FEl % (5 T | i S
BB e S EMCSIHHE

.ﬂ'(xa y) .fl(x7 y) .f:L1CS(xs y)

— AN " *E%%g

AR K o

Pay) g O i) S0
0
i A B |
P, )
Imla
H2 EFRBHESELEGSHRE

Fig.2 Binary image segmentation process based on local threshold **!

ARG 7 EE M 2E R BOPE T3 07 1%, R K i
Je AR I H R T 5 R X GBI PR R e A T TE AR R
HE Ik,

D¢ = Dy + 2(1.2 —02m)De, (n<5) (1)

2 DR T A T R

Dy VR AT LRV b T

Doy FURZ RIS m S AR I

S AEE KT 5 AR R, BRI
fy 5 AbHESEPRIERT HEOE, FUAMRAER 206 R i, DA
A S AMEIERRH 1, 19 BRI SE (R A AL 4 R
B BT VLA S R HORE B, T 1, A 1 e A 4L
BB TE RS T N A
22 GABHECHE AR

AR ISR B AT i D S B AR il
B o B A B ), AL T TR
Pl el B R RIS 3 ) = AT

221 EIHEHE

B IR B A T IR L R R MRS
P A v U | S T A T LA R T A
DURR IR ST UEAT A4k, IR PE AR TR TR P VR4
T P 8 A e A TR R e (& 3) o
222 HEEE

TE R iR VAT T R S HLIE R R A, R IR
IR A5 kRN e 2% Y, A 4 5 T DU Rl S B S ML
B B RAE AL  BR DI A | B A v A I IS
KAILL S 222 22 i SR B IR TOR Y, IF5E X R A 2 R A
SEEEW T PR B RN B TR, A T R XA I
R IR AR L] (] 4) .
2.2.3  KEGIEK

FRui A K FE B EF XSGR 5 T HFh e 2R, /)
S RAEX, Ltk TR, EESWX  HA T Ak L
B 1 FEIE, IR A A X R AR T R i B
R L K B TR R (] 5) .



<18 - wh ] b B R 5 B A 55 4
1 AEEEGEFTAESTHRAREEZHEVER
Table 1 Values of debris flow blockage coefficients under different dam reservoir capacity combinations'
7 GHEER  @EER  OEER  OmEEE Ok De
1 E_F%L‘:?ﬂﬁ' X X X X X DotD
IR _ _ _ _ De, co el
il ) ) * - v DytD,10.8%D,
P mEEm - g . D, o, erDert0.8xDc;
il ) ) - \ ) DytD,10.8%XD,+0.6XD,
3 WIEREL - - Des De, De, oD t0.8%XDp10.6X D¢y
il - v ) - v Dy tD 1 +0.8%XD,+0.6XD -, +0.4%D,
4 F5E 28 Des Des B Do Dy cotDe110.8%Dey+0.6XD 3 t0.4% Dy
il v v v v v Dy tD o 10.8%XD -, +0.6XD 3 +0.4% D, +0.2xD,
5 o 2R Des Des Des Des Dey co TP H0-8%Dyt0.6%D540.4% Dy H0.2% D
VE: " REIZHEREA R 2 P, R HEIENR R, " I HEIE R K IR IV, R IR AL Doy Doy o Fom A RHEAE 1y 9
£
B
. - - -~~~ 7"7"7" 77T T T - " - - - - - - -7 - =~ - =7~~~ ==/-=-=-=-"=-"==-~ I
[ Pt s it Pl :
I
I
: T b Wife. EE |
=50 My Al
! T Z B T R RAIIR k. |
! P AR NS b7 - ‘ |
| N o TRFZ 2R s TSN ST |
: A STV ATEA I I |
: FITE BT A A BB R — A |
! NI RFH |
1 I
I YR TR I R M s C |
! MR MREEI AR || |
. ET AN =g || | LR PR
1 HARG B R ALY IR K Syt e &R |
PR F S RIS A SR 1
| HIIREH ; G PR
| | SRS Sk | iR O e |
| IR R !
[ P,
. L[ sk R || | BRI AT |
[ e BT !
| VI |
| gE I
I — g TSR TR 4 ——— !
! Pl RO ik kB | |5 TEEGOIPEY |
! i HOERE T | |
I W || AR IR S il
| BT Kok 1 !
/N A U6 KT
l [T AP = A A T s
! A BRI B Bt i |
I
: RSB RT R .
| W28 RIS T C TRy PSR A B/ | 1
| RSN BT |
| R | U CREIR ) RS i ” (abing) |
| HRTIETE LT T 2 R [
I WPOUESK || smsEE |
n | BT ANUGIR =it A VB IR SEMRIEATERY | )
[ AR IR Sk :
I
e e e e e e e e e e e e e e e e e e e - 1

3

“EIERXERARERIERE

Fig.3 Framework diagram of the key technology system of “Source control at initiation”
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Fig. 4 Framework diagram of the key technology system of “Quantity control during the process”
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