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Before

Prof. S. Fleishman (1912-1984), MSU.

Two his books translated to Chinese in
IMHE, CAS: .
. Debris Flows and Design of Roads in
Areas Affected by Them, 1955 s
= Debris Flows, 1978

Now we celebrate his 100" anniversary
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Before

Meetings on debris-flow
conferences:

« First International Conference
on Monitoring, Simulation,
Prevention and Remediation of
Dense and Debris Flow (Rhodes,
Greece, 2006)

| The Fourth International con

4% International Conference on | g R ochanes,
Debris-Flow Hazards Mitigation: = LR U
Mechanics, Prediction, an L
Assessment (Chengdu, China,
2007), and field trip to
Dongchuan Station
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Collaboration Agreement

Prepared during the visit of F. Wei and
K. Hu to Moscow in January-February 2008
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Projects

NSFC

« Hazard assessment and risk zoning for debris flows in Russia and
China (2008-2010)

The project %E)al is to study evolution of debris flow activity, assess debris flow hazard and risk in stage of modern climate
change in different environment in the Central Caucasus (Russia) and in mountains in Southern China. We conducted joint
field investigations in Mt.Elbrus area and Mt.Gongga area (Hengduanshan, Sichuan Province) to study glacial debris flows,
in Longmenshan Mts. (Sichuan Province) to study rain and barrier lake induced debris flows. We have investigated
Fhenomena of simultaneos formation of debris flows in Longmenshan Mts. after the Wenchuan earthquake and found that a
ower precipitation threshold is required to trigger the debris flows. We noticed that mobility of debris flows in this region is
significantly lower than in other parts of Southern China and the Caucasus. We conducted surveys and compiled DEMs for
key areas in Adyl-su and Gerkhozhan-su valleys in the Central Caucasus, Moxi, Mozigou and Tongkou valleys in China.
Bathymetric survey of Tangjiashan barrier lake formed after the Wenchuan earthquake 12.05.2008 was conducted first time.
For these areas we obtained data required for further debris flow modeling, hazard assessment and risk zoning. To compare
debris flow activity in different environment we have analyzed morphometry of 3 debris flow catchments: Baksan,
Chapinghe and Shitingjiang. Shear force-based measurement for internal velocity of debris flow were organized at
Dongchuan research station. We continued monitoring of glacial debris flow initiation zones (outburst type — Bashkara
lakes, proglacial lakes on Mt. Elbrus slopes, non-outburst type — Gerkhozhan-su) in the Central Caucasus. We have
developedg a new 3D model for debris flows and slope failures, called DEBRIS (Digital Elementary Balls & Relief Interaction
Simulation). Using this software we simulated debris flows in Gerkhozhan-su (Russia) and Moxi (China) valleys, and Yigong
landslide in Tibet (China). Possible glacier lake outburst flood in Adyl-su valle
(Russia) was simulated using FLO-2D software. Basing on hydrodynamic mO(ieling we obtained flow depth, velocity, area
and conducted a hazard assessment for Adyl-su valley. A method for regional forecast of debris flow activity in a region with
uniform debris flow formation conditions has been proposed on the basis of the experience of long-term debris flow
monitoring. We have compiled results of research o%glacio—volcanic and nival-volcanic lahars in Kamchatka peninsula.



Projects

£

NSFC

- Mountain disasters assessment and forecast in the region influenced
by the Wenchuan earthquake (2008-2009)

@ NSFC

- Examination of key parameters tor large-scale debris flows induced
by earthquakes and volcanism: implications for hazard assessment
(2012-2013)

 Bilateral seminar on Debris Flows: Movement Behaviour,
Numerical Simulation and Hazard Assessment (2012)
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Visits, expeditions, workshops

» 2008, Moscow, preparation of agreement, F. Wei and K. Hu

» 2008, Pyatigorsk and Mt. Elbrus (Caucasus), Intl. Conf. on Debris
Flows: Disasters, Risk, Forecast, Protection, F. Wei, K. Hu, H. Xie,
Y. Zhang, S. Wang

« 2008. Kolka Glacier, Caucasus (expedition), F. Wei and K. Hu

» 2008, Chengdu, Wenchuan earthquake zone and Mt. Gongga, S.
Chernomorets, K. Aristov

- 2009, Moscow and Vladimir (workshop), F. Wei and Z. Cheng

» 2009, Chengdu, Beichuan, Yingxiu (fieldwork), S. Chernomorets,
A. Petrasov

« 2009, Caucasus (expedition), K. Hu, X. Chen, P. Su, Y. Jiang
« 2010, Moscow (modelling workshop). K. Hu, H. Yang, G. Zhou



Visits, expeditions, workshops

- 2010, Wenchuan earthquake zone (fieldwork), D. Petrakov, I.
Seynova, I. Krylenko, V. Mikhailov, V. Kidyaeva

- 2011, Chengdu (preparation of project proposals), S. Chernomorets
and D. Petrakov

- 2012, Chengdu and Wenchuan earthquake zone (observation of
debris flow control measures), S. Chernomorets and V. Karavaev

« 2012, Dujiangyan (bilateral workshop), S. Chernomorets, D.
Petrakov, I. Seynova, I. Krylenko, E. Zaporozhchenko, N. Kazakov



Pyatigorsk: debris flow conference (2008

DEBRIS FLOWS:

Disasters, Risk,
Forecast, Protection

Proceedings of the International Conference

Mamuropck 2008 Pyatigorsk




Caucasus post -conference field trip (2008
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The 2002 Kolka Glacier disaster site,

Caucasus
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Fieldwork in Beichuan (2008




B
Workshop in Moscow and Vladimir (2009)
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Wenchuan earthquake zone (2009
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Wenchuan earthquake zone (2009
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Moxi River basin and Tangjiashan, 2009




Kabardino-Balkariya, Caucasus (2009
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Kabardino-Balkariya, Caucasus (2009




Gerkhozhan valley, Caucasus (2009
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Moscow University: presentation about
2010 Zhouqu disaster (2010)
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Project meetings in Moscow (2009-2010)




A
Earthquake zone (2010)




Bathymetry of Tangjiashan Lake (2010)




(2011)
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Observation of debris flow control
measures in Zhouqu and Qinping (2012




Selected results
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Remote sensing:
Resurs-DK satellite survey
of Wenchuan earthquake zone
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Remote sensing:
patching holes in SRTM DEM
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* Executed in 3 DEM (Visualization Software LLC)



Remote sensing: orthorectification

Orthorectification process helps to eliminate terrain distortion



terpretation

1n

Satellite image
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3D modelling
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Mapping: Niujuan
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Mapping: Beichuan

MORPHODYNAMIC SETTING AROUND BEICHUAN CITY AFTER THE EARTHQUAKE ON 12 MAY 2008
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Tangjiashan Lake: bathymetry and
potential outburst modelling
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Map of the Daguangbao landslide
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Simulation of the Daguangbao landslide
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Particle (landslide) parameters: radius R=20 m, density p=2500 kg/m3, elasticity
Young’s module E=40 GPa, dry friction coefficient u=0.17, viscous friction coefficient

n=0 kPa-s?
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Measuring the Internal Velocity of Debris Flows Using
Impact Pressure Detecting in the Flume Experiment
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Abstract: Measuring the intemal welodty of debris  debels flow kinematics but also one of the key
flows is wry imporant for debris fow dymamics  parameters in designing debris flow comtrol works.
messarch and designing debeis flow eontrl works. However, it is difficult to measure debris flow
Howivir, there & no approprise mathod for movement becamse this kind of fluid s
mesaring the iemal velody because of the oy rih
fm“m’mwaﬁm'zrﬁw it is diffienkt to messure b internal velocity
"“‘":Hnmnmgmm“mnm“‘“’h because convestineal current meters would be
surfaca velocity and surlice Kinetic pressure data,  Gestroyed by the impact force of this heserogeneaus
Kinatic peessure is the difference of impact pressupe  S0d which contains gravels and houlders. Some
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INTRODUCTION

Tes 2008 Wenchum sariheske indnced mamy
Lmg:lides, zockfalls, and dolbei: floms. Accomding %o
tho systarmatic Smstigation by the Minisery of Land
and Resonrcas of China, landslides, mockfall, and do-
e flos imdcsd Ty the aachgeaks wers chzarred i
15 000 sites (¥in ot al, 2009). The bmdslide in the
Minjun Vallay, near e sarthquike epicenar, 5 am

INTRODUCTION

Dbeis Mo &8 4 ki of poiogical hazsd oceur
sing i mounisin sress. ls velocity = 8 key pare of de-
beia ow kinemalics amd & cos of the bey prmnsien
i the desgn of debris Now cosrol stnsesses. How-
ever, it i &l o mesmre debris ow movemsnt
because this kisad of feid is sossemsparent nd hete
cropencms. 18 i mor il o mets i il
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welocity becmse cmvenlions] cunest metos winkl
be destroyed by impact foece of this hetorogensus
el comizming grancls and houlders Sone medhod
have bor developed for messuring the smirfuce veloc-
ity md surge veloeity of debeis Nows. The methed us-
ing stupwsich and Nosiess & the smplost (Kang and
B, 1590) Ul s o geound wibration
season (geophones) have been used o desoct the
limes & debesd Dow wvrves ol b iliervieg wclion
mdl velosty & caleulsisd weng the mrival lise S5
Forence sl the Satincs betusen the soction (-
L sl Marchi, 2005, Bewti o2 al | 2000, Arstiane ot
sl 1997, Nk & 4, 1997, Pierson, 1986). Thesry
of movesent for the cor pet and Gor the gralieal
Layer of debeis Mow md eguations of velocity curve
were developed (Natishvil o al, 1963) Pressess ol
debris fow a differont depths haw been studiod
(Kherkbeline, 1989, Gageshides, 1970). Doppler

and statie pressuve. The former & dotectod by fopse  Tethods Bave been developed for messuring the

senzors installid in the flow diresion s the sampling
snetion. Observations show that statke pressure ean be
compatnd using the formuls for statie watir presaur:
by simply substivating witer density for debris flow
density. We deseribe the relationship betwien surfacs:
vty andd surfics kinetie pressan: using data from
soven aborstory fame expeinents. 1t is sonsistent
with the relationship for singhe phase flow, which &
the measuremment prinespe of the Pitot Tubs.

Keywards: Tnternal wiocty; Messurement; Debrss
fhow:; Tmspuact prisssane

Introduction

Debris flow velocity s not only 3 key part of

Riceived: in Dmcoreisar e
Accophed: 1 Jazeary 3t

sarface vedocity and surge velocity of debris Sows.
Uising & stopwatch and Soaters b the simplest way
(Kang and Hu w90l Utrasomic sensors and
ground vibraticn sensors (grophones) have been
used to detect the times a debris Sow passes two
chaerving sections and the velocy cam be
calenlated wsing the arrival time difference and the
distance between the two sections (Plersan 1086;
Arattanc et al. war; takars o al. 1997 Bertl et al.
20040; Anattanc and Marchi 2005} Surface and
mean welocties have been estimated through
measrements of debris flow discharge in flume
experiments (Boyarskly e sl 1970). A theary of
movement for the core and gradient layer of debris
Bows, and equatioes of velocity curve have bren
developed (Matishvili o2 2l 1063). The pressure of a
debris flow at different depths has been studied
(Ciagnshidae 1970; Kherkhenlidze 1984). Doppler

Wei F., Yang H., Hu K., Chernomorets
S. Measuring internal velocity of
debris flows by temporally correlated
shear forces. // Journal of Earth

Wei F., Chernomorets S., Aristov K.,
Petrakov D., Tutubalina O., P. Su, Y. Jiang,
Xu A., Petrasov A. A seismically triggered
landslide in the Niujuan valley near the
Science, 2012, Vol. 23, No. 3, p. 373- epicenter of the 2008 Wenchuan

380. DOI: 10.1007/s12583-012-0258- earthquake. - Journal of Earth Science,

1 2010, Vol. 21, No. 6, p. 901-909. DOI:
10.1007/s12583-010-0143-8

Yang H., Wei F., Hu K., Chernomorets
S.,Hong Y., Li X., Xie T. Measuring the
internal velocity of debris flows using
impact pressure detecting in the flume
experiment. // Journal of Mountain
Science, 2011, Vol. 8, No. 2, p. 109-116.
DOI: 10.1007/511629-011-2083-x
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Publications (in Russian

Yuciennoe MOICTHPOBAHHE KaTac HICCKHX
Ceaen, OOBATOB I ONOTIHEN ¢ HPHMCHCHHEM

TPCXM CPHON AHCKPCTHON MOACTN
Numerical modeting of catastrophic debris flows,

rock avalanches
and landstides using a discrete three dimensional model

Bnanwmup Muxainos
Cepreda Yepromopeu

Ma*rena*ruuecxo_e
MoAaenupoBaHue cenew,
ononsHeun u obsanos

PaapaboTka u npumeHeHune Mmoaenun

MuxaiioB B.O., Yepromoper C.C. MaTemaTruueckoe epromopen C.C., MnxaHgOB B.O. qHCﬂefI H06e
MO/IeJINPOBAHUE cesield, 00BaAIIOB U OMOJI3HEN. 2011. LAP MOZIC/IHPOBAHHE KATACTPOPUHECCKIX CEJICH, 0OBATIOB
Lambert, 131 c. ISBN 978-3-8465-5660-3 U OTIOJI3HEH C MPUMeEHEHUEM TPeXMEPHOU

nuckpeTHol mojenu. // Teopuck, N21, 2012, c. 16-27.
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Perspectives

- Study of volcano-induced
debris flows in
Kamchatka, Russia

- Study of glacial hazards in
Tibet, China
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Thank you for your attention!

We used information and materials prepared by all project participants.



