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Hazard Assessment on Potential Post-earthquake Debris Flows in Wenchuan County
HAN Yongshun, WANG Jing, WU Miao, LI Lelin, ZHANG Dongshui, ZHANG Jinping
(School of Resource Environment and Safety Eng., Hunan Univ. of Sci. and Technol., Xiangtan 411201, China)
Abstract: The hazard assessment on potential post-earthquake debris flows is an important task and technical basis for disaster prediction and pre-
vention,while related research is limited. Wenchuan was taken as a typical study area.Through data collection,field investigation and remote sens-
ing monitoring,the frequency,the flow quantity and the geomorphic information entropy of post-earthquake debris flow were selected as three key
indicators for hazard assessment.Correspondingly,the discharge calculation method of post-earthquake debris flow was improved,the DNWT
model was established for dynamic monitoring and quick extraction of the sources of post-earthquake debris flow,and the evaluation index sys-
temfor debris flow hazard was set up.By means of the GIS and the grey system method,the model for evaluating the hazard of post-earthquake
debris flows was established,sub-catchments were extracted and selected as hazard assessment units,and the hazard assessment on potential post-
earthquake debris flows in the investigated area was conducted.The results show that: 1) the proposed DNWT model for extracting debris flow
sources can realize the remote sensing identification,dynamic monitoring and automatic extraction of post-earthquake debris flow sources includ-
ing rockfalls,landslides and their loose accumulations;2) by combining the field investigation with debris-flow discharge calculation data,the dis-
charge calculation formula of debris flow is corrected.The blocking factor of post-earthquake debris flow can increase 1.72-3.46 times,compare
with the case before the earthquake,and its discharge increases exponentially;3) based on sub-catchments,geomorphic information entropy is intro-
duced,and meanwhile,it simplifies parameters and procedures for hazard assessment on post-earthquake debris flows and can evaluate the devel-

opment stage of landforms and the hazard degree of each catchment;4) most of the debris flows in the studied area are in the moderate,high and
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very high hazard zones and have great potential risks.Among them,there are 89 debris flows in high and very high hazard zones,which are distrib-

uted along the main stream of Minjiang River and the valley of Yuzi River,and these areas are crucial for debris flow prevention and

mitigation.The research results are consistent with the actual situation and can provide a basis and reference for remote sensing dynamic monitor-

ing,quantitative risk assessment and prevention and mitigation of potential post-earthquake debris flows.

Key words: post-earthquake debris flow;hazard assessment;source information extraction model;corrected discharge calculation method; Wen-

chuan county
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Fig. 1 Flow chart of random forest algorithm
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Fig. 3 Source information extraction of post-earthquake

debris flows through TM on June 3,2009
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Tab.1 Accuracy analysis of DNWT-based source inform-
ation extraction results on post-earthquake debris

flows in study area

I AR BABET LERREE% HHEE% KappaZRi

2008-12-01 5024 92.3 94.2 0.92
2009-06-03 6115 932 95.6 0.91
2010-08-28 4215 92.8 96.7 0.89
2011-01-21 3104 93.9 96.0 0.89
2013-08-17 4352 91.5 93.6 0.91
2014-06-17 5146 92.3 94.5 0.93
2015-02-12 4521 932 94.7 0.94
2016-03-18 4687 90.5 92.8 0.92
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Fig. 4 Source information extraction model of post-earthquake debris flows and its algorithm process
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Tab.2 Statistical of duration and discharge investiga-
tions on typical post-earthquake debris flows
A FA HiH JiB /min E/(m s
AU 2010-08-13 90 866.35
WA 2010-08-13 40 104.00
AR} 2010-08-14 90 484.77
e 2011-07-03 360 273.00
XHH 2010-08-13 150 1530.00
R 2010-08-13 30 478.60
+4 2010-08-13 — 84.53
JRAG VA 2010-08-13 50 108.40
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Tab.3 Discharge calculation and amplification coefficient of typical post-earthquake debris flows
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Fig. 5 Relationship between measured and calculated val-
ues of post-earthquake debris flows
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Tab.4 Hazard assessment indicators and their hierarchical assignment of post-earthquake debris flows in study area

X/m’s™ X/ RAFE 4 X X/C®)  Xfkm X X;/mm Xg/d Xkm™' X% R
>2 500 >10 <0.11 35~50 1~5 >X >21.3 >8 >2.69 <10 5
1 000~2 500 1~10 0.11~0.16 25~35  5~10 VII~X 16.2~21.3 5~8 1.86~2.69 10~40 4
500~1 000 0.1~1 0.16~0.25 >50 10~20 VI~V 13.4~16.2  2.5~5 1.07~1.86 40~60 3
200~500 0.05~0.1 0.25~0.40 15~25 20~40 V~VI 9.8~134 1~2.5 0.31~1.07 60~85 2
<200 <0.05 >0.40 <15 >40 <V <9.8 <1 <0.31 >85 1
x5 MREBMIFNETHITFNEFIHTESR
Tab.5 Conversion values of each assessment factor in parts of assessment units
PO TSR
PR BT ARD
X1 Xa X3 Xy Xs Xe X7 Xg Xo X10
0 478 0.02 0.16 35.7 24 8.0 15.8 1.2 0.88 33.1
1 988 0 0.11 29.4 26 8.0 14.7 0.7 0.98 38.7
2 2942 1.66 0.16 36.5 7 9.6 23.0 43 1.39 75.7
3 286 0.04 0.18 353 18 8.0 16.1 0.3 0.90 94.9
4 2082 0.91 0.41 31.2 0 11.0 28.2 6.2 1.49 92.0
220 209 0.01 0.18 433 10 9.0 19.4 2.2 0.98 76.9
223 353 0.04 0.17 42.6 16 9.0 17.7 2.0 1.21 77.4
224 110 0.00 0.20 38.7 3 9.0 16.7 32 1.70 99.6
225 405 0.06 0.10 38.1 1 10.0 17.7 3.1 1.60 95.0
226 118 0.02 0.16 37.9 3 9.0 18.3 2.6 1.35 98.6
KA B CHRBE o i, IBUR G R AR o #r.

X AR X, PIAS BN T RS 5750, 8 A
WA 0 LR B, 2350 5 X Xo 6 AT I 0 S 2

BT R R WL 226, 51T B TT 1 16 K6 1k
FeRLART

*6 MREXEFERARCERMETNEFRERE

Tab. 6 Weights of each hazard assessment factor on post-earthquake debris flows in study area

PR T X X X3 Xy

XS X6 X7 X8 X9 XIO

BEAE 0.103 0.111 0.099 0.099

0.097

0.099 0.098 0.098 0.098 0.098
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Tab.7 Calculation results on hazard index to post-earthquake debris flows in study area

TR H || TRE OH || TRE OH || TRE H || TR H || TRE OH || TR OH || TRE H
0 2.42 29 3.14 58 4.02 87 2.21 116 2.32 145 2.92 174 3.16 203 3.12
1 2.10 30 2.73 59 3.82 88 3.53 117 232 146 2.60 175 2.90 204 2.90
2 3.72 31 343 60 3.50 89 3.12 118 2.40 147 2.59 176 3.01 205 2.19
3 2.13 32 2.92 61 3.62 90 3.33 119 2.32 148 2.60 177 3.11 206 2.61
4 3.72 33 2.50 62 3.10 91 242 120 2.02 149 2.39 178 331 207 3.47
23 3.52 52 4.02 81 3.33 110 2.22 139 2.39 168 1.98 197 3.19 226 3.00
24 242 53 3.71 82 2.62 111 2.24 140 2.28 169 2.62 198 3.40
25 2.18 54 3.70 83 2.30 112 2.93 141 2.82 170 2.89 199 3.11
26 2.40 55 4.01 84 2.29 113 2.81 142 2.71 171 2.70 200 2.47
27 2.62 56 4.12 85 2.51 114 2.31 143 2.38 172 3.01 201 2.57
28 2.61 57 391 86 1.98 115 2.53 144 2.50 173 2.96 202 2.18

RRAETT ik, $ IR R BEARL | X 18] 22 57 fie
R MR TS BE R S I, FEAT T 5T IX R ) v A e
A7 U SE AE  2 DX 3] 5 3 ] o e X6 R S 4 i

B 5 DR AR YR A1 U 0 R e R X e
DX R BE GBS X AR A DX IR ARG R X 54540 (368
K7).

*8 MRXREBERARERMITHERIR

Tab. 8 Classification of hazard assessment values of each unit on post-earthquake debris flows in study area

SRSy X e fes s IX faR X R fE X IRfER X MR A S s IX
fake TS I 1l 111 I\ \Y
o bRt >3.52 3.03~3.52 2.62~3.03 2.23~2.62 <223
‘ B DX FH A0 ) R B2 PR 43, 329 | bR R R
A X FEIVE I .
o R 1) B 5 W (X AT 45 45, o 98 X R A4 U
gl SAELI19.8%, EEANAAERA S M FHHHBGES .

E7 IBEREBERARERMEITNEGR

Fig. 7 Hazard assessment on post-Earth-quake potential
debris flows in study area
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