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Debris flow is heavy in China and also in the world

- - h




The successful warning is difficult by far

However, the successful rate of the current debris
flow warning system is still not high after decades of
efforts. For example, the error rate reached up to
72% in the debris flow warning of burned areas in
southern California, USA (Restrepo et al. 2008).
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Historical Record of debris flow catastrophe events throughout the world

. duble I. Historical recordaf debris flow cata rophic events throughout the world
|

S
. No Gully MNams Location Basin Doate Deaths and Famfa Discharge Deposits Fraquency Reference
Arsa Mizzing (mm) (m*/5) Volume (Per 100
(Em®) (Persons) (m®) Tears)

1 Qiongshan Gully | Deanba County, 323 Jul. 11,2003 31 3imm24h 4836 - 2 Chen et 21, 2004
Sichuzn
province

2 Elang Gully Danba County, 18.73 Jun 26, 2003 14 2 - JxllF 1 Lin 2010
Sichuzn
provines

2] Guxiang Gully Bomi 232 Sep, 1933 140 140mm 24 28600 1.1 =107 1 Zhu etal 1997

County, Tibet

4 Aizi Gully Ningnan County, 63.33 Jmn28, 2012 41 78.3mm24h 803.12 5.74x10° 1 Hu etal. 2012
Sichuan 235mm'Th
provines

3 Sanyanyu Gully Zhouqu 23735 Aug.8 2010 1763 26.7Tmm/Th 1219.8 1.5 x10¢ 1 Linetal 2011
County, 77 3mm 3 0mi

Gansu province n

6 Wenjiz Gully Mianzhu shi, 1.81 Aug.18, 2010 12 227mm/12h; 1330 1.98 x10° 1 You etal. 2011
Sichuzn Slmmh
provines

7 Caizju Gully Puge County, 52 Jun 20, 2003 10 137 Smm24h 300-600 1x10° 1 Lin etal. 2003
Stchuan
provincs




Caryuan Gully Wenchuan 19.4 Aug.9, 2003 11 3% 3mm24h oo 5 x10° 2 Lz etal 2004
County, 2imm'dh
Sichuzn
provinee
Dongyusge Gully Gongshan 469 Aug. 18,2010 92 1immh - 3.5x10¢ 1 Suetal 2012
County,
Turman
province
Hefan Gully Limxiang shi, 1.8 Jun.10.2011 19 3immb; 9 x10* - Luetal 2013
Hunan province 162.6mm24h

Glen Ogla-1, Glen = 200md | Aug.18 2004 Mo Dezths 13-20mm'h, 8
Ogle-2 476 (37 89mm 24 3200

A
=
=]
(=]
N
=
=]
=9

Milne et al 200%

Rescusd)

1991 119 24mm’h T-ax 10 - 1 Sepulveda

etal. 2006

Antofagzsta Chile - 43 e 18

Santizgo Chils - 33 May3, 1993 34 - 1x 106 - 1 Sepulveda

et al. 200
14 Venezela Central coast of Dec. 13-16, 1998 30,000 T2mmh - 1.9 Million lor2 Pe'rez 2001
Veneruela 380.7-410.4
mm 24k
15 Campzeniz Samo Area -~ May3-6, 1908 161 - 0.6x10°3.4x | 1.42x10° 2 Zanchetts et al. 2004
Southern Italy 104
Tuscany Italy s 150 Tune 19, 1906 14 158mmh, - 1,360,000 Giacomo et al. 2(0:

474mm12h
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The frequency of hazards with people died
more than 10 persons
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From historic records of debris flow catastrophic events which resulted in more than
10 casualties throughout the world it is estimated that 23 % of the events happened
once in 50 years. However, the recurrence intervals of the others (77 %) were
greater than or equal to 100 years.



The raining

* For example, the threshold of critical rainfalls of
two different debris flow cases in Senet basin of
Spain that occurred in 7 August, 2009 and 25
March, 2010 were 6mm/5min, 30mm/h and
2mm/5min, 8.7mm/h, respectively. The variable
extent 5min rainfall is 66.7 %, while that of 1h
rainfall is 71.0 % (Hurlimann et al. 2011). In
another example, the threshold of critical rainfall
of Jiangjiagou debris flow in 1981 varied from
2mm/10min to 7mm/10min, and the variable
extent reached up to 71.0 % (Wu et al. 1990).



Rainfall thresholds R,, R; and R, for debris flow initiation,
movement and hazard process
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The three grades of raining is determined by field experiments, model
calculation and historical data analysis
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Sketch of the stepwise multi-parameter debris flow warning system. Initial triggering from a susceptible
site proceeds to later stages of monitoring and warning when critical rainfall limits are reached.



Three main factors responsible for debris flow initiation
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Early warning based on earthquake and drought

XEle AR FRATARRS M

EXERN1BNREMWRARSHFHIT RN AIEAL £, PREZHER =B E
EiEE (EPA) FIkmELFEKIERR (SPI) XthE S FEMEMEI TENITEL 247,
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On the basis of an in—depth analysis of 18 catastrophic debris flow
events in China, we used seismic effective peak acceleration (EPA) and
standardized precipitation index (SPl) to quantify and analyze the impact
of earthquake and drought. The results show that the combination of seismic
activity and drought events promotes the development of catastrophic debris
flows in mountainous regions of China.
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spatial and temporal distribution and the scale and frequency of debris flow
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Early warning of debris
flow disasters in 2012:
Based on the study of the
impact of drought and
carthquake on debris flow,
landslides and other
mountain hazards, based on
the dynamic hazard zones
and dangerous events of
mountain disasters in 2010
and 2012, combined
factors such as historical
events, topography and
geology, we complete the
traditional mountain
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Early dynamic early warning system based on main
control condition of debris flow
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Technical scheme of flow monitoring and communication system
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Local people Self-warning System
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Sketch of the integrated monitoring system setup. Initial
triggering from a susceptible site shifted to later stages of
monitoring and warning with rainfall critical limits reached.
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Monitoring and early warning technology system of
debris flow based on dynamic process
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The heaviest debris flow hazards in 2012
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On June 28, 2012, a huge debris flow disaster occurred at a construction site in

Liangshan, causing 40 deaths and disappearances.
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CASE STUDY

Aizi Valley is chosen as a case study which lies near the region of
Baihetan Hydropower Station having capacity of 15 million kW.

The local climate is of subtropical monsoon which
is warm and slightly dry.

The annual average temperature is 19.0 °C

The average annual rainfall is 960.5 mm

The drainage area of Aizi valley Basin is 65.55 km?

The average longitudinal slope of the main channel is 155 %o
The highest altitude is 3646 m while the lowest altitude is 604 m
There are 10 villages and 577 residents in the basin.



Distribution of loose mass within Aizi valley

... Place Name. Alimetric Point.
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Distribution of loose mass within Alzi valley
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Earthquakes, Drought and Debris Flow increase the loose solid
materials in Aizi valley. Data presented from 1993-2012
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Graph showing five day cumulative precipitation at Xintian
Metrological Station
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Critical rainfall threshold calculation in field

Jable 2. Critical raimfall thresholds on the baris of axperbnent and modal calculation

Famfall Thresholds Confumation basis Famfall (mm)
Initiation ramfall By Experimsnt 203
Conflusnt ramfall R, Model calculation 25:%

Hazard ramizll R, Model calculation 304

a. Experimental process

b. Data collection system




Moisture content and pore water pressure variation curves
during rainfall
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Determination of critical indicators

bed initiation dét-f
e C it | Nt 1 1 d corrected model: ¢=4 17
ritical precipitation inaex (tan )
Hh A P R Be R N | o
PRI PRI S ik Q=029 s
7
k. mEiE | WEAR
BHHE R R / 20,3
CHFE Ry eE e, 253
KT = Rae BRI E. 30.4-

Yo A P R AL AR 25 R AR
WSEIRA R AREI I p= 010y +00737x, +0.6

The equation to calculate debris flow critical
rainfall:
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Determination of critical indicators
* Pore pressure and water content index
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a. Curve of water content change b. Curve of pore pressure change
When the water content does not reach the peak value,
the soil begins to creep. The corresponding water content at
the beginning of the creep deformation of the soil body is The pore pressure from sudden increase to
about 30%, and after the water content reaches the peak, the fall lasts about 1 minute, and the average value of
soil body quickly destabilizes and slides under the action of pore pressure in this period is taken as the
rainfall to form a debris flow. The corresponding peak value threshold value of pore pressure, which is
is about 46%. Therefore, the threshold value of water 1.31kPa.

content is the range value, and the range is 30% ~ 46%.
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Determination of critical indicators

* Flow stage index

The analysis of the monitoring data of the flow stage index
in the Aizigou watershed showed that when the mud level
reached 1.73m, multiple debris flows of varying slopes in the
watershed broke out. Large-scale debris flows are easy to

break out, so the flow stage index is set to 1.73m.
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Determination of critical indicators

e Vibration index

* Jiangjia Gully in Dongchuan, Yunnan, has relatively complete
vibration observation data. It has been found through years of
observation and statistics that when the vibration acceleration
value is 100 gal, it is very likely that a debris flow will occur.

Based on this, the seismic index is determined to be 100 gal.



The distribution of debris flow monitoring stations in Aizi valley
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The distributing profile of debris flow monitoring stations in Aizi valley
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Proffle distribution of the debris flow monitoring site of the Az

Gully in Balhetan Hydropower Station on Jinsha River
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Monitoring system and application
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Distribution table of debris flow monitoring stations in Aizi Gully
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Distribution map of debris flow monitoring station

in Aizi Gully
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Debris flow monitoring stations in Aizi valley
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Rainfall stations data on July 18, 2013.
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Monitoring and early warning analysis
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In May 2013, the Aizi Gully was monitored. On July 18, heavy rain occurred in the
region. According to the characteristics of the regional rainstorm. It was determined that its rain
intensity reached 22mm in one hour, and the early warning system issued a level 1 warning.

As a result, it was found that only the slope soil in the watershed collapsed, the main gully
had no debris flow confluence, and only high-sand flow occurred with a flow rate of Sm3/s.



Conclusions

This warning system consists of 6 parts i.e. Early warning, Near
warning, Triggering warning, Movement process warning, Hazard
warning and Local people self-warning.

In this warning system various thresholds have been defined
based on the initial triggering, movement process and hazard
triggering stages of debris flow.

Although the empirical thresholds described in current research
are a fundamental constituent for a comprehensive warning
system, yet there are several questions that need to be answered;
the mismatch between the short lifespan of monitoring systems
and the low frequency of disasters, restriction in the accurate
prediction of critical rainfall and the unreliability of the monitoring
equipments.

Early warning of debris flow is based on the quantity and
distribution of these loose solid materials that are influenced by
earthquake, volcanic eruption, human engineering activities.



Continued.......

* The critical rainfall scale for debris flow varies significantly within a
basin. Based on debris flow initiation, movement and hazard
process, some triggering experiments, bed erosion model and
statistical analysis are applied to check the threshold of critical
raining.

* Local people self warning system is divided into four parts which
includes the guidance from the government, local people
precautionary measures, knowledge sharing and early escape
practice.

* This system provided successful results in Aizi gulley debris flow
warning






