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Селевая катастрофа, вызванная оползнем, в долине Биаошиян 

(провинция Сычуань, Китай) 

Х. Сие1,2, Й. Ли1,2 
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Чэнду, Китай 

 
Долина р. Биаошиян находится в округе Пуге, провинция Сычуань, Китай. Река 
является притоком р. Земухе, относящейся с бассейну р. Жиншайианг. Водосбор 
начинается на восточных склонах горного массива Хенгдуаншан, где сезон дождей 
длится с июня по сентябрь и в этот период выпадает 67 процентов годовой нормы 
осадков, причем максимальное суточное количество осадков составляет 157,9 мм. 
Сочетание геоморфологического и геологического строения с характером осадков 
создает идеальные условия для формирования селей и оползней. 22 июня 1999 г. 
штормовой ливень с интенсивностью 75,9 мм/ч вызвал образование катастрофиче-
ского селевого потока. Это был типичный сель, спровоцированный оползнем, то 
есть оползень в процессе движения трансформировался в селевой поток. В резуль-
тате катастрофы погибли 2 чел., были разрушены 16 скотоводческих ферм, 8 до-
мов, участок шоссе длиной 220 м, 150-метровый участок канала гидроэлектростан-
ции. 23 га сельскохозяйственных угодий были завалены камнями, грязью и песком. 
Прямой экономический ущерб от селя составил 2,8 млн. юаней. Сель имел сле-
дующие характеристики: вязкая консистенция селевой массы; плотность 2,12 т/м3; 
соотношение между твердой и жидкой составляющими около 7:3; скорость потока 
- значительная, максимальная скорость составила 14,55 м/с. 
 
Biaoshuiyan Gully is located in Puge County, Sichuan Province, China. It is a tributary 
of the Zemuhe River of the Jinshajiang River system. The drainage develops in the east-
ern edge of the Hengduanshan Mountain area, where the precipitation is very concen-
trated from June to September (67% of yearly totals), the maximum daily precipitation is 
157.9 mm. Therefore, the composition of landform, geology and rainstorm provides fa-
vourable conditions for debris flows and landslides. On June 22, 1999, torrential rain 
with 75.9 mm/h excited a disastrous debris flow in the gully. It is a typical landslide-
induced debris flow, i.e., a landslide in the course of the movement changed into a debris 
flow. In the disaster, 2 persons died, 16 farm cattle went missing, 8 houses were de-
stroyed, 220 m highway and 150 m draw water canal of a hydroelectric power station 
were damaged, 23 ha of farm land were covered with stone, mud and silt. The debris 
flow caused direct economic losses of 2.8 million Yuan (RMB). The characteristics of 
the debris flow are as follows: viscous fluid with the unit weight is 2.12 t/m3; the ratio 
between solid and water in debris flow is about 7:3; the velocity of the flow is fast with 
maximum value of 14.55 m/sec. 
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1  Introduction 
Biaoshuiyan Gully, 40 km away to the north of Puge County (nearby Xichang), Si-

chuan Province, China (Fig.1), is a tributary of the Zemuhe River of Jinshajiang River (the 
upper reaches of Changjiang River) System. 

 

 

Fig. 1. The location of Biaoshuiyan Gully in China. 

On 22 June, 1999, a disastrous landslide-debris flow (Fig.2, Fig.3) was excited by a tor-
rential rain in the gully. It killed two persons, buried sixteen farm cattles, destroyed eight 
houses (1180 m2); 220 m highway and 150 m draw water canal of a hydroelectric station, 23 
hectare fertile farmland were buried, causing a direct economic loss amount to 2.8 million 
yuan (RMB). 

Fig. 2. A whole view of Biaoshuiyan Gully debris flow disaster. Photo by Xie Hong. 

  

Fig. 3. Landslide-induced Debris Flow. Photo by Xie Hong. 

The gully develops in the mountainous areas of the Southwestern China, where the 
mountains stretch and tower in large relief, with relative height difference over 1000 m in av-
erage between mountain ridges and valley bottoms and the maximum over 2000-3000 m. 
Geological conditions in the area are complex with deep and large faults developing, with 
strong affect of neotectonic movement, and frequent earthquake. The precipitation is abun-
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dant and local rainstorm is more. Therefore, the composition of landform, geology and rain-
storm provides favourable conditions for the form of debris flow and landslide. 

The stratum in the gully consists of two units: the Cretaceous Lower Feitianshan For-
mation (K1f) and the Quaternary loose deposit (Q4

d1). Feitianshan Formation is composed of 
sedimentary rock including purplish-red sandstone, siltstone, mudstone and shale. It is a kind 
of semi-hard rock, with inferior diagenesis and cementation, containing much clay, with weak 
anti-weathering ability, and it is unhealthy engineering in geology; on the other hand, differ-
ential weathering is intense for weak rock alternating with the hard. Loose Quaternary deposit 
on slope is 10 m thick and sometimes rises to 15 m. Geologically, the gully is located on the 
west slope of the Jiaodingshan Syncline between two great regional faults, the Zemuhe Fault 
with N-W strike and the Zizhimo-Qiaowu Fault with near N-S strike, within 3 km in distance 
there, which have been in a strong influence. In addition, the gully is located to south section 
of the famous earthquake zone with N-S strike in China, the Zemuhe Fault is active and of 
responsibility for earthquake in the belt. By statistics, earthquake of magnitude ≥6.7 occurred 
five times since 624 A.D. in the belt (Tong Rongchang et al., 1993). The earthquake intensity 
is of VIII-IX in regionalization (The National…, 1990). 

Geomorphologically, the Biaoshuiyan gully develops in the eastern edge of the Heng-
duanshan Mountain, which is a alpine and middle mountain area of tectonic denudation. It is a 
very small basin, with drainage area of only 0.78 km2, length of 3.2 km, the gradient 228‰ 
(12.8°), altitude of the peak, 2100 m, and the relative height, 665 m. Landslide occurred in the 
lower reaches below altitude 1700 m (Fig. 4), the vertical section shows a 45°–60° gradient in 
the upper, and 20°–30° in the lower; thickness of loose deposit is 3-5 m. 

 
 

 

Fig. 4.  Horizontal plan of Biaoshuiyan landslide – debris flow: 1 – main accumulation zone of debris 
flow; 2 – minor accumulation; 3 – landslide; 4 – collapse; 5 – damaged highway; 6 – damaged draw 
water canal. 

The basin belongs to subtropical climate, perennial average temperature 16.0°C, with 
distinct wet (May-October, rainfall accounts for 88.5 percent of the annual) and drought (No-
vember-April, 11.5 percent) in the area. The area is a concentrated region of rainstorm-
induced debris flow and landslide by having much local heavy rain in a small central zone and 
with great precipitation intensity. According to observations of local meteorological station, 
average annual rainfall in many years is 1518.2 mm, 67.1 percent of it concentrates in June-
September, the daily maximum is 157.9 mm, rainstorm days is about 3.4 in a year. 
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2  Formation mechanism of debris flow 

By 6 June, 1999, it had been raining for twelve days in the area. From 6 June to 22 
June, it rained almost every day except 9, 15, 16, 18 and 19, amounted to 308.5 mm in the 
process (Table 1). Earth and stone had been saturated. Rainstorm running on 20-22, and espe-
cially on 22 June amounting to 84.5 mm, 9-10 P.M., with an intensity of 75.9 mm/h, stimu-
lated landslide which at last transformed into debris flow in motion. 

Apparently, the pre-storm conditions are the very crucial actions to ferment the debris 
flow that broke out at the final storm on 22.7 mm. 
 

Table 1.  Observation values for rainfall of June 6-22, 1999. 

Date 6 7 8 9 10 11 12 13 14 15 
Rainfall (mm) 0.6 10.8 3.1 0.0 0.1 11.1 10.4 23.2 0.2 0.0 
Amount (mm) 0.6 11.4 14.5 14.5 14.6 25.7 36.1 59.3 59.5 59.5 
Date 16 17 18 19 20 21 22  
Rainfall (mm) 0.0 62.4 0.0 0.0 52.0 50.1 84.5  
Amount (mm) 59.5 121.9 121.9 121.9 173.0 224.0 308.5  

3  Characteristics of debris flow 
It is a typical landslide-debris flow because landslide in the course of the movement 

changed into debris flow directly.  
It is a rainstorm-induced debris flow because rainstorm was both dynamical conditions 

of inducing debris flow and water composition of forming.  
Investigation has shown that debris flow accumulation, with range of grain size from 

boulders to clay, has the appearance that mud was wrapping up stone; the slurry was dense 
and the buoyancy was great and therefore the fluid was asserted to be viscous.  

At field site, volume ratio solid to water is about 7︰3, and unit weight of the solid is 
2.6, then the unit weight of debris flow is 2.12 t/m3.  

The velocity may be calculated by Manning’s formula V=KH2/3I1/3. From the measured 
values at upper gully bed in accumulation zone of debris flow, H, 5 m; I, 0.284; and K, veloc-
ity, different values as 5.9 and 10 (Zhong Dunlun et al., 1989). It yields a velocity 15 m/s, 
showing the feature of high speed movement.  

Area of the main accumulation zone, the fan of debris flow, is 2.99×104 m2 and the av-
erage thickness of the fan is 3 m by survey; thereupon, the volume is 8.97×10４m3. In addi-
tion, 5×103 m3 of accumulation is outside to the fan. Therefore, two parts add up together, the 
volume amount of the deposited debris flow mass was about 9.5×104 m3, or over 105 m3, if 
water had not run off. Then, it is a debris flow of large scale by classified standard of accumu-
lation volume (Zhong Dunlun et al., 1989). 

Acknowledgments: This paper is a part of the Technology Demonstration of Ecology 
Protection and Debris Flow, Landslide Preventing and Controlling for Significant Water and 
Electricity Project Area in Southwest China (2006BAC10B04). Authors thanks the reviewer 
and the editors the revision opinion which proposed to the article. 

References 
The National Seismological Bureau. Map of earthquake intensity regionalization in China (1:4 000 

000). – Seismological Press, 1990. (In Chinese).  
Tong Rongchang et al. Active fault and earthquakes in Sichuan Province. – Seismological Press, 1993, 

p. 102–103. (In Chinese). 
Zhong Dunlun et al. Research and Prevention of Debris Flow. Sichuan Publishing House of Sciences 

and Technology, 1989. (In Chinese). 


	2.pdf
	Сопредседатели Оргкомитета
	Заместители сопредседателей Оргкомитета
	Ответственный секретарь Оргкомитета 
	Члены Оргкомитета
	Со-Chairmen of the Organising Committee
	Deputy Co-Chairmen of the Organising Committee
	Executive Secretary of the Organising Committee 
	Members of the Organising Committee
	Организаторы
	Финансовая поддержка
	Organisers
	Financial support

	3.pdf
	1  Краткая предыстория
	2  Констатация сложившейся ситуации
	3  Главная методологическая задача научных исследований по проблеме
	4  Главная прикладная задача научных исследований по проблеме
	1  Introduction
	2  Constitute equations
	3  Governing equations
	4  Numerical scheme and verification
	5  Sensitivity analysis
	6  Results and discussion
	7  Conclusion
	References
	1  Introduction
	2  Method of numerical simulation of debris flow movement
	2.1  Numerical simulation of debris flow movement on the fan area
	2.2  Numerical simulation of debris flow movement in the channel

	3  Method of classification of risk zoning based on the distribution of kinetic energy
	4  Method of classification of risk zoning based on the ultimate bearing pressure of building under impacting
	5  Conclusion
	6  Acknowledgement 
	References
	1  Introduction
	2  Functions of technical debris flow mitigation measures
	3  Design of technical debris flow mitigation measure
	3.1 Measures to control the displacement and deposition processes
	3.2  Documentation and control


	References
	1  Введение
	2  Динамика приледниковых ландшафтов за последние 10 лет
	3  Динамика приледниковых ландшафтов за 2006-2007 гг.
	1  Location and importance
	2  Geological context
	3    January 17, 1945 debris flow
	3.1. Start zone
	3.2  Trajectory zone
	3.3  Deposit zone

	4  Final discussion

	References
	1  Основные события
	2  Предвестники
	3  Термальные проявления
	4  Некоторые особенности оползня
	5  Заключение

	Список литературы
	1  Введение
	2  Селевые процессы на о. Сахалине
	3  Селевые потоки экстремальных объёмов: условия формирования и повторяемость 
	4  Характеристики селевых потоков катастрофических объёмов
	5  Заключение

	Список литературы
	Список литературы
	1  Introduction
	2  Formation mechanism of debris flow
	3  Characteristics of debris flow

	References
	Список литературы
	1 Introduction
	2  Methodology  
	3  Regional Overviews
	4  Results and discussions
	4.1  The simplification independence of influential factors
	4.2  The result of canonical discriminant

	5  Conclusions

	References
	1  Introduction
	2  Distribution of debris flow
	3  Characteristics of debris flow hazards in mountain urban areas
	3.1  Heavy casualties and huge property damages
	3.2  Debris flows are always with high occurrence rates 
	3.3  Debris flow hazards are usually confined within part of the cities and towns

	4  Seriously restraining the economic development of the cities and the neighbouring area

	References
	Список литературы
	Список литературы
	Список литературы

	4.pdf
	1  Introduction
	2  Study site
	3  Methods
	4  Results
	5  Discussion
	6  Conclusion
	References
	1  Data and analyzed method 
	2  Rainfall characteristics and change trend in Dongchuan District of Xiaojiang River in 1990s
	3 The change characters of eroded sediment transport of debris flows in 1990 s 

	References
	1  Data and analyzed method 
	2  The analysis of monthly rainfall
	2.1 The change characteristics of monthly rainfall in 1990s
	2.2  The change trend of monthly rainfall in 1990s

	3  The analysis of season rainfall in 1990s
	4  The change characters of eroded sediment transport of debris flows in 1990 s 

	References
	1  Введение 
	2  Рассмотрение проблемы 
	3  Заключение  

	Список литературы
	Список литературы
	Список литературы
	Список литературы
	Список литературы
	1  Введение
	2  Методы и материалы
	3  Флуктуации циркуляции атмосферы
	4  Колебания повторяемости селей
	5  Выводы

	Список литературы
	Список литературы
	1  Introduction
	2  Study area
	3  Material and methods
	4  Results
	5  Discussion and conclusion

	References
	1  Introduction
	2  Historical slopeland disasters
	3  Typhoon rainfall induced slopeland disaster distribution 
	4  Conclusions

	References
	1  Введение
	3  Выводы

	Список литературы
	Список литературы
	Список литературы
	Список литературы
	1  Введение
	2  Постановка проблемы
	3  Факторы селеобразования
	4  Характеристики селевых процессов
	5  Аккумуляция селевых отложений на пляже
	6  Выводы

	Список литературы
	1  Введение
	2  Селеформирующие факторы
	3  Селеопасные районы юга Восточной Сибири
	4  Заключение

	Список литературы
	1  Введение
	2  Условия формирования селей в Макаровском районе
	3  Причины формирования и развития  природно-антропогенных селей в Макаровском районе
	4  Защита территории района от природно-антропогенных селей
	5  Выводы

	Список литературы
	Список литературы
	Список литературы
	1  Введение
	2  Особенности структуры и динамики ландшафтов
	3  Сукцессионные стадии на селевых конусах
	4  Выводы

	Список литературы
	Список литературы
	Список литературы
	1  Introduction
	2  Characteristics of debris flow streams
	2.1  Area and average slope of watersheds 
	2.2  Area and form factors of watersheds 
	2.3  Area of watershed and length of main stream
	2.4  Average slope of the watershed and that of riverbed

	3  Conclusions

	References

	5.pdf
	Список литературы
	Список литературы
	1  Introduction
	2  Infrasonic behaviours of debris flow
	3  Infrasonic warning device of debris flow
	4  Acknowledgment

	References
	Список литературы
	1  Введение
	2  Методика оценки
	3  Карты парагенетических систем и динамики ландшафтов

	Список литературы
	Список литературы
	1  Introduction
	2  Notes on preparation
	3  Discussion
	3.1  Surface size distribution
	3.2  Trajectory tracking of gravels and their velocity

	4  Results 

	References
	1  Вводная информация 
	2  Постановка проблемы
	3  Краткие сведения о ДМГС «Сток-Эрозия-Загрязнение»
	4  Краткие сведения о СМГС «Погода»
	5  Некоторые нетривиальные выводы

	Список литературы
	1  Introduction
	2  Field site
	3  Simulation
	4  Results
	5  Discussion
	6  Acknowledgements

	References
	1  Rheological parameters of mud slurries
	2  Rheological parameters of mixtures of gravels and mud slurries
	1 Introduction
	2  Study area
	3  Methodology
	4  Results
	5  Discussion and conclusions

	References
	Список литературы
	Список литературы
	1  Introduction
	2  Experiment
	3  Results and discussion
	4  Conclusion

	References
	1  Introduction
	2  Deposition and particle characteristics of debris flows
	3  Determination density by particle distribution of debris flows
	4  Determination the density of deposit sample of weak coherent debris flow
	5  Conclusions

	References

	6_Part_8_9.pdf
	1  Введение
	2  Условия формирования селей в высокогорной зоне Центрального Кавказа       (на примере Баксанской долины)
	3  Методика определения критических параметров селеопасной ситуации
	4  Практическое применение метода
	5 Заключение
	Список литературы
	Список литературы
	1  Введение
	2  Прогноз эрозионных явлений в  бассейне реки Дуруджи

	Список литературы
	1  Введение
	2  Определение максимальных расходов селевых потоков разной обеспеченности 
	3   Прогнозирование объема селевой  массы, транспортируемой рекой Дуруджи

	Список  литературы
	1  Введение
	2  Методы и материалы
	3  Содержание работы
	4  Выводы

	Список литературы
	1  Introduction
	2  Regional integrated meteorological forecast and warning model for geological hazards
	2.1  Model design
	2.2  Choices of model predictors
	2.3  Integrated meteorological forecast and warning model for geological hazards

	3  Conclusion

	References
	1  Introduction
	2  Data collection
	3  Results and discussion
	4  Final statement

	References
	Список литературы
	1  Озеро Башкара
	2  Прорывная волна
	3  Селевой поток
	4  Долина Адыл-Су
	5  Комментарий

	Список литературы
	References
	Список литературы
	Список литературы
	1  Introduction
	2  The influences of temperature and precipitation to debris flow induced by GLOFs
	2  Debris flow induced by GLOFs and climate change
	2.1  Bomi County
	2.2  Nielamu County

	3  Developing trends of debris flow 

	References

	7.pdf
	Список литературы
	Список литературы
	Список литературы
	1  Introduction
	2  The barrier system 
	3  Conclusions

	References
	1   The Illgraben test site 
	2  Debris flow events during 2006 
	3  The filling and the overtopping of the debris flow barrier 
	4  Observation stations in Spain
	5  Conclusions

	References
	References
	Список литературы
	1  Debris flow’s solid phase organic and inorganic components
	2  Grain size sorting or selection 
	3  Numerical example of grains sorting

	References
	1  Введение
	2  Обоснование комплексности и эффективности мероприятий инженерной защиты территорий размещения хвостохранилища на р. Вохчи от воздействия паводков, эффективного водопромснабжения и выработки электроэнергии 
	3  Заключение 

	Список литературы
	1  Введение
	2  Геолого-геоморфологические и метеорологические особенности территории г. Иджевана, провоцирующие развитие селевой опасности. Количественная оценка риска и районирование территории по степени селеопасности и риска
	3  Выводы

	Список литературы
	1  Introduction
	2  The Chain of Functions in Systematic Debris Flow Control
	3  Functions and their related measures (Huebl & Fiebiger 2005)
	4  Debris Flow Control by the Chain of Functions

	References
	1  Introduction
	2  Experiences with the chain of functions
	3  The functional structures in the debris flow origin
	4  The functional structures in the middle course and the apex of a debris flow
	5  The functional structures on the debris cone and the lower course of a debris flow
	6  Conclusion

	References
	Список литературы
	Список литературы

	58.pdf
	Список литературы
	Список литературы
	1  Introduction
	2  Infrasonic behaviours of debris flow
	3  Infrasonic warning device of debris flow
	4  Acknowledgment

	References
	Список литературы
	1  Введение
	2  Методика оценки
	3  Карты парагенетических систем и динамики ландшафтов

	Список литературы
	Список литературы
	1  Introduction
	2  Notes on preparation
	3  Discussion
	3.1  Surface size distribution
	3.2  Trajectory tracking of gravels and their velocity

	4  Results 

	References
	1  Вводная информация 
	2  Постановка проблемы
	3  Краткие сведения о ДМГС «Сток-Эрозия-Загрязнение»
	4  Краткие сведения о СМГС «Погода»
	5  Некоторые нетривиальные выводы

	Список литературы
	1  Introduction
	2  Field site
	3  Simulation
	4  Results
	5  Discussion
	6  Acknowledgements

	References
	1  Rheological parameters of mud slurries
	2  Rheological parameters of mixtures of gravels and mud slurries
	1 Introduction
	2  Study area
	3  Methodology
	4  Results
	5  Discussion and conclusions

	References
	Список литературы
	Список литературы
	1  Introduction
	2  Experiment
	3  Results and discussion
	4  Conclusion

	References
	1  Introduction
	2  Deposition and particle characteristics of debris flows
	3  Determination density by particle distribution of debris flows
	4  Determination the density of deposit sample of weak coherent debris flow
	5  Conclusions

	References




