MexayHapoaHbI HayYHbIN GopyM
«JlegHuk Kornka: HabnogeHus, nccnefoBannsi, NPOrHO3bI»

Tpyabt MexayHapoOJHOI0 CeMUHAPA

OIIACHBIE ITPUPOIHBIE
IIPOIIECCEHI B 'OPAX:
YPOKH KAPMAJIOHCKOH
KATACTPO®BGI

K 10-aeTHIO0 KaTacTpodbl Ha AeAHHKe Koaka
20 cenTabpa 2002 r.

Bnagukaekas, Poccus, 18-20 ceHtabps 2012 r.

Peoaxmopuwi: K. @. [lInaiioep, C.C. Yepnomopey

BnagnkaBskas
2012



International Scientific Forum
“Kolka Glacier: Observations, Research, Forecasts”

Proceedings of International Workshop

NATURAL HAZARDS
IN MOUNTAINS:
LESSONS
TO BE LEARNED

dedicated to the 10th anniversary of
Kolka/Karmadon glacial disaster

Vladikavkaz, Russia, 18-20 September 2012

Editors: J.F. Schneider, S.S. Chernomorets

Vladikavkaz
2012



VIK 551.311.8
BBK 26.823

OnacHble MpUPOIHbIE Mpoluecchl B ropax: ypoxku KapmaaoHckoil katacTpogbl.
Tpynsl mexayHapogHoro cemuHapa k 10-metuio kxatactpodsl Ha nenHuke Konka 20
centsa0pst 2002 1. — [Tox pen. XK.®. Hnatinepa u C.C. UepHomopma. — Branukaskas, 2012.

Natural hazards in mountains: lessons to be learned. Proceedings of International
Workshop dedicated to the 10™ anniversary of Kolka/Karmadon glacial disaster. — Ed. by
J.F. Schneider and S.S. Chernomorets. — Vladikavkaz, 2012.



Conep:xanme

Opranu3aropsl ceMUHapa
OpraHn3annoHHBIE KOMHTETH CEMUHapa
BBenenue

JI.B. ecunos, C.JI. lecunoB. Wtorn 10-neTHero uKiIa H3y4eHUs KaTacTpo(pUIecKoro
BeIOpoca nenHuka Kosxka B 2002 rony

JI.B. lecunos, B.A. Pynako. Karactpoduyeckoe HaBogHeHHE B ropoae KpbimMcke 6—7 urosst
2012r.

J.A. Ilerpakos, B.H. Ipo6smmeB, A.A. Aneitaukos, K.A. Apuctos, O.B. Tyry6amuna, C.C.
Uepuomoper. 3smeHenus B 30He [ eHaMIOHCKON TIsIMaNbHOM KatacTpodsl mocie 2002 roxa

K.®. IHaiinep. O6BaIbHO-OMONM3HEBBIE JaMOBI B 3aMaHON YacTh | nMaiaeB U MephI MO
CHIDKEHHIO yiep0a OoT HUX

C.C. Uepnomoper, U.b. CeiinoBa, O.B. Tyrybanuna, A.C. Bpuuesckuii. BynkanoreHHbie
ceJIeBbIe TTOTOKH Ha moyoctpoBe Kamuarka, Poccust

1O.B. EdpemoB. AHTpOoTIOTeHHBIE CelleBbIe IOTOKH B OacceiftHe pekn M3bsiMTa

1O.B. Edpemos. [Ipearnocruiku 1aBHHHON U ceneBoit onacHocTd B KpacHoit [lomstHe 3umoit
2011-2012 rr.

JI. Utyppunara. KpynHoOyrpucTsiii MOpeHHbIH JaHamadr B gonuHe peku Yamypcan
(Kapakopywm, [Takuctan): misiuo-reoMopdoiornyeckue ucciaeIoBanus ux (OpMHUPOBAHUS B
CBSI3U C pa3pyLIEHUEM HACEJICHHBIX TyHKTOB

M. Hoxykus, C.C. Yepromopern, 1.b. CeitnoBa, E.M. borauenko, E.A. Casepniok, O.B.
Tyry6amuna, B.H. [Ipo6smmes, U.I'. ®eokructoBa, B.O. Muxaiinos, A.I'. Komeraes. O cemsix
2011 rona Ha ceBepHoMm ckione llenTpansHoro KaBkasza

P.A. TaBacueB. O HEKOTOPBIX 00CYKIACMBIX aCIEeKTaX KaracTpo(GUIECKOro cxoja JeIHUKA
Konka

N.M. BackkoB. Bo3MoskHast KOHIIETIIHS JIOKAJILHOTO CPEJHECPOYHOIO IIPOrHO3UPOBAHMUS
OTIACHBIX SK30TCHHBIX MIPOLIECCOB HA 0a3e MHTETPUPOBAHHOTO aHAIN3a JTAHHBIX
(DYyHKIIMOHHUPYIOIINX CHCTEM MOHUTOPHHTA (T€0JIOTHIECKOT0, CEHICMUYECKOT0,
THIPOMETEOPOTIOTHIECKOTO U JIP.)

A. ¢on INommnrep. [lanexko qocTUraone KaracTpopuyeckue IBIKEHUST Macc: IpUMep
6soxoBoro ononsHst @numc, lBeitnapus

B.H. JIpo6srmes. KonmuecTBeHHBIE TTapaMeTphl TISIAANBHON KatacTpodel B CeBepHOIA
Ocetnu 20 cents0ps 2002 rona

3.B. 3anopoxuenko, H.C. Kamenes, A.C. Hukymun. bacceitn p. bagmon (Pecrybmmka
Cesepras OceTns-AnaHus): CeJIEBBIE MPOLECCH MIPUPOIHBIEC H «PYKOTBOPHBIC)

HIIT. Moxomm, IT.K. My, I1.P. Macky, ¥ JInnsyHs, [{. Ctymm. MoOHUTOPUHT Tpex
MIPOPBIBOOINACHBIX JIETHUKOBBIX 03ep B Hemanbckux ['MManasx mo naHHBIM MOJIEBBIX U
JUCTAaHIIMOHHBIX U3MEPEHUI

P.A. Ycybammes. Bo3neiicTBre ropHOI00BIBaIOMIEeH TPOMBIIUIEHHOCTH Ha JIGTHUKA (Ha
npumepe Kymropa, maccus Ak-1uiipak, Kuprusckuii Tsap-111aHnb)

X. Sn, @. Boii, K. Xy, C.C. UepHnomopen. I3mepenne BHyTpeHHEH CKOPOCTH CEJISL:
OKCIICPUMECHTHI B JIOTKC

III. Yxan, ®. Bait. HoBas monens U1l NPOTHO3UPOBAHUS CEJIEH HA OCHOBE B3aUMOJIECHCTBHUS
BOJI M TIOYBHI B IIpeJiesiax Bogocoopa

O 0 3 O

11

12

14

15
16

17

18

19

20

22

23

24

25

26

27

28



Contents

Organizers of the workshop
Organising committees of the workshop
Introduction

L.V. Desinov, S.L. Desinov. Results of a ten years' cycle of studying of catastrophic emission
of Kolka glacier happened in 2002

L.V. Desinov, V.A. Rudakov. Catastrophic flood in the city of Krymsk on 6-7 July 2012

D.A. Petrakov, V.N. Drobyshev, A.A. Aleinikov, K.A. Aristov, O.V. Tutubalina, S.S.
Chernomorets. Changes in the area of Genaldon glacial disaster after 2002

J.F. Schneider. Landslide Dams in the Western Himalayan Range, Mitigation Measures

S.S. Chernomorets, I.B. Seynova, O.V. Tutubalina, A.S. Brichevskiy. Volcano-induced debris
flows in Kamchatka Peninsula, Russia

Y.V. Efremov. Anthropogenic mudflows in the basin of the River Mzymta River

Y.V. Efremov. Avalanche and mudflow hazards background in Krasnaya Polyana in the winter
0f2011-2012

L. Iturrizaga. The giant hummocky debris landscape in the Chapursan valley (Karakoram
Mountains, Pakistan): Glacial-geomorphological investigations of its formation in regard to
settlement devastations

M.D. Dokukin, S.S. Chernomorets, I.B. Seynova, E.M. Bogachenko, E.A. Savernyuk, O.V.
Tutubalina, V.N. Drobyshev, I.G. Feoktistova, V.O. Mikhailov, A.G. Kolychev. The 2011
debris flows on the northern slope of the Central Caucasus

R.A. Tavasiev. About some discussed issues on Kolka Glacier disastrous falloff

I.M. Vaskov. A proposed concept of local medium-term forecast for exogenous natural hazards
on the basis of integrated analysis of functioning monitoring systems (geological, seismic,
hydrometeorological etc.)

A. von Poschinger. Long run out mass movements: The example of the Flims rockslide,
Switzerland

V.N. Drobyshev. Quantitative parameters of the glacial disaster in North Ossetia 20 September
2002

E.V. Zaporozhchenko, N.S. Kamenev, A.S. Nikulin. The Baddon River basin (Republic of
North Ossetia — Alania, Russia): natural and artificially triggered debris flows

S.P. Joshi, P.K. Mool, P.R. Maskey, Wu Lizong, D. Stumm. Monitoring of Three Potential
Dangerous Glacial Lakes in the Nepal Himalayas Based on Field and Remotely Sensed
Measurements

R.A. Usubaliev. Impact of mining on glaciers: case study Kumtor, AkShyirak massif, Kyrgyz
Tian Shan

H. Yang, F. Wei, K. Hu, S.S. Chernomorets. Flume experiments on the internal velocity
measurement of debris flow

S. Zhang, F. Wei. A new model of debris flow forecasting based on the water-soil coupling of
watershed

O 0 3 O

11

12

15
16

17

19

20

22

23

24

25

26

27

28



Opranu3zaropbl ceMuHapa
Organizers of the workshop

IIpaBuTenscTBO Cesepo-KaBka3ckuif TOpHO-METaTyprUdecKui
Pecnyonnku Cesepnast OceTusi- Ananust HMHCTUTYT (TOCYAapCTBEHHBIN TEXHOJIOTHYECKUH
YHHBEPCUTET)

Government of the
Republic of North Ossetia-Alania North Caucasian Mining and Metallurgical
Institute (State Technological University)

BnagnkaBka3ckuii HayuHbit neHTp PAH HenTp reodu3mueckux ucciaen0BaHUN
u llpaBuTenscTBa PecnyOmmku BHII PAH u PCO-Ananus
Cesepnast OceTusi-AnaHus
Center of Geophysical Investigations,

Vladikavkaz Scientific Center of the Russian VSC RAS and RNO-A
Academy of Sciences and of the Government

of the Republic of North Ossetia-Alania

(VSC RAS and RNO-A)

o %
Glacier and Permafrost Hazards in Mountains MoCKOBCKHiT TOCYapCTBEHHBIN YHUBEPCUTET
(GAPHAZ) umern M.B.JlomoHOCOBa
A Scientific Working Group of the International I'eorpaduuecknii pakynbrer

Association of Cryospheric Sciences (IACS) and

the International Permafrost Association (IPA) M.V.Lomonosov Moscow State University

Faculty of Geography



Opranu3anMoHHbIe KOMUTETHI CEMUHAPA

JIOKAJIbHBI OPTKOMUTET

A.I'. Kycpaes (BnanukaBkasckuii HayuHblii ieHTp PAH u [IpaBuTtensctBa PecnyOnuku
Ceepnas Ocerus-Ananus), B.b. 3aamumsmm (Lleatp reodusmdecknx uccnegopanmii BHI]
PAH u PCO-Anaunus), H.E. Illyoun, A.Il. ITonkeoii, }0.1. Kapaes, O.3. 'abapaer (CeBepo-
KaBka3ckuii TOpHO-METaJUTypru4ecKUii HMHCTUTYT (TOCYJApCTBEHHBIH TEXHOJIOTHYECKUN
YHUBEPCHUTET)).

MEXJITYHAPO/IHbII1 OPTKOMUTET

K.®. Ilnaiinep, mpencenarens MexayHapoaHoro oprkomurtera (BOKU — Benckwii
yHuBepcuter, ABctpus); k. Kapren (Yamsepcuter Apmsonsr, CIHA); K. Xyrrem B.
Xebepmu (Lropuxckmii yauBepcuteT, lIBeimapus); C.C. Uepnomopen, O.B. Tyrybanmna,
H.A. TlerpakoB (MI'Y umenu M.B. JlomonocoBa, Poccus); C. k. DOBanc (YHuBepcurer
Yorepny, Kananma); JI. Uryppunara (I'errunrenckuii ynmBepcurer, [epmanms); [L
Peiixenbax (MHCTUTYT THIPOTEOIOTHUSCKUX WCCICNOBAaHUN W 3ammuThl, [lepymxa, Utamms);
A. ¢. [Tommnrep (I'eonoruyeckas ciyx6a basapun, ['epmanus); I'. XepH (rpynmna komnanui
Ckott Yuncon, Benukobpuranus); M. Kapum (Dokyc I'ymanutapnas [lomomis, CIA).

Organising committees of the workshop

LOCAL ORGANISING COMMITTEE

Anatoliy Kusraev, Vladislav Zaalishvili (Vladikavkaz Scientific Center of the Russian
Academy of Sciences and of the Government of the Republic of North Ossetia-Alania),
Nikolay Shubin, Aleksandr Polkvoj, Yuriy Karaev, Oleg Gabaraev (North Caucasian Mining
and Metallurgical Institute (State Technological University)).

INTERNATIONAL ORGANISING COMMITTEE

Jean Schneider, chairman of the IOC (BOKU — University of Natural Resources and
Life Sciences, Vienna, Austria); Jeffrey Kargel (University of Arizona, USA); Christian
Huggel, Wilfried Haeberli (University of Zurich, Switzerland); Sergey Chernomorets, Olga
Tutubalina, Dmitry Petrakov (Moscow State University, Russia); Stephen Evans (University
of Waterloo, Canada); Lasafam Iturrizaga (University of Gottingen, Germany); Paola
Reichenbach (Instituto de Ricerca per la Protezione Idrogeologica, Perugia, Italy); Andreas v.
Poschinger (Bavarian Geological Survey, Germany); Gareth Hearn (former Scott Wilson,
UK); Mustafa Karim (Focus Humanitarian Assistance, USA).



BBenenue

CornacHO peKOMEHJAllMK HCIIOJHUTEIBHOTO KOMHTETa HAay4HOH pabodeld TpyIIIbI
GAPHAZ B Bene B HOs10pe 2009 T, B 1. Bmagukaskase 18-20 centsops 2012 1. opranusyercs
MEXIYHApOIHBI  ceMHuHap, TOCBAMICHHBIH 10-meTHel romoBimuHE | 'eHaImOHCKOMN
IIOUaIbHON  KatacTpodbl, Bb3BaHHOW jegHukoM Konka. CeMuHap SBISIETCS YacThIO
MexnaynaponHoro HayuHoro ¢opyma «Jlegamk Konka: HaOmroAcHWS, HWCCICIOBAHUA,
MIPOTHO3bD», MIPOBOASAIIETOCS O] MaTpoHakeM pykoBozcTBa Pecmybnuku CeBepras Ocerus-
Ananus.

I'enanmoHckas risnuanbHas karactpoda mpousonnia 20 centsops 2002 r. Hauamich
B Iupke Jeqauka Komka, J1e0Bo-BOAHO-KAaMEHHBIH MOTOK oObeMoMm Oosiee 100 murH. M3
npomyaics o 20-KUJIoMeTpoBOMY IyTH B JOJHMHE p. I'eHannoH g0 ymenbs KapmagoHckux
BopoT Ckamucrtoro xpedra meHee yeMm 3a 6 MuHyT. Ckopoctu mocturanu 250 km/4. Hmxke
Kapmamorckux BopoT ermie 17 KM mpomren TisanuanbHbeii cenb. [Tormbno 135 genoBek. beur
yHHUTOXXeH mnocenok Hmwxkuuit Kapmamon, 6a3el OT[pIXa, YaCTUYHO 3aTOIUICHA JEPEBHS
lopnas Cannba. Jlecsatp jieT cmycTs, OKOJO YETBEPTH OT MEPBOHAYAIBLHON MAacChl JIbAa U
KaMHeH ocraercss B KapMmaloHCKONW KOTJIOBHHE, HE IO3BOJISAA IOJTHOCTBIO BOCCTAHOBUTH
JIOpOKHOE coobuieHne, a yeaHuk Koilka B BEpXOBBSX JOJNHHBI CHOBa pacTeT. [loxoskas
katactpoda mnpomsonuia Ha neanuke Konka B 1902 r., a B 1969 r. negHuk ucmbTan
MyJNbCcallvio. B CBA3M C BO3pPOXKIECHUEM JICAHHMKA, HEBO3MOXXHO IMEPEOLIEHUTh BaXKHOCTh
MOHHUTOPHWHTA JIETHUKOBOW OIACHOCTH, OIEHKH YA3BHUMOCTH HACEJICHUs, pa3paboTKu Mep 110
CHIDKEHHUIO PUCKOB, CBSI3aHHBIX C BO3MOKHBIM ITOBTOPEHUEM TIAIHATBHON KaTacTPOQBHI.

Introduction

As proposed at the meeting of the Executive Committee of GAPHAZ working group in
November 2009 in Vienna, a workshop dedicated to the 10th anniversary of the Kolka Glacier
event is being organised in Vladikavkaz, Russia, on September 18-20, 2012, including a visit
to the disaster site in Karmadon. This workshop is a part of an International Scientific Forum
on “Kolka Glacier: observations, research, forecast”, which is run under the patronage of the
Head of the Republic of North Ossetia-Alania.

The Kolka-Karmadon rock-ice slide occurred on the northern slope of the Kazbek
massif in North Ossetia, Russia on the 20th of September 2002 following a partial collapse of
the Kolka Glacier. It started on the north-northeast wall of Dzhimarai-Khokh, 4,780 m
(15,680 ft) above sea level, and seriously affected the valley of Genaldon and Karmadon
depression. The resulting avalanche and mudflow killed 135 people (including a film crew
and Russian actor Sergei Bodrov Jr.). A mass of over 100 million m3 of ice, water and debris
from the Kolka Glacier travelled 20 km (12.4 mi) down the Genaldon valley in under 6
minutes, with velocities reaching 250 km/h (155 mph) is some parts of the valley. This was
followed by a glacial debris flow for another 17 km (10.6 mi). The slide wiped out the village
of Nizhny Karmadon, and killed numerous parties picnicking along the river on Friday
evening. Another village in the Karmadon depression was under surveillance as flood waters
backed up along the choked rivers, creating lakes. 10 years later, one quarter of the ice and
debris mass still remains in the Karmadon depression, blocking connections between villages,
and Kolka glacier is growing again upstream. Similar slides occurred at Kolka glacier in 1835
and 1902. It also experienced a surge in 1969. As glacier regenerates, the importance of
evaluating vulnerabilities and risks, and mitigating the hazard of future slide cannot be
overestimated.



HNroru 10-s1eTHEr0 nMK/Ia H3y4eHUs KatacTpoguueckoro Bpbiopoca
Jeannka Koaka B 2002 roay

JleB B. /lecunoB, Cepreii JI. /lecunoB

Hncemumym eeoepagpuu Poccuiickoii akademuu nayk, Mockea, Poccus
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Results of a ten years' cycle of studying of catastrophic emission of
Kolka glacier happened in 2002

Lev V. Desinov, Sergey L. Desinov

Institute of Geography, Russian Academy of Sciences, Moscow, Russia

remote_sensing@complat.ru

20 centsa6ps 2002 r. B ropax CeepHort OceTrnn mpowm3onuia katacTpoda, yHecmas
xm3Hu Oomee 130 denoBek. OdunuanbHON npuuMHON KartacTpodbl OBUT MpPHU3HAH
eIMHOBPEMEHHBIN 00BaJI JIbJIa C IUIATO, PACIIONOKEHHOTO Haf JieAHUKOM Komka, BRIOHBIIETo

€ro u3 Jio’ka. DTa BepCHs JOBOJIBHO YCTOMYMBO CYIIECTBYET B OOIIIECTBEHHOM CO3HAaHUHM U
HECMOTPsI Ha €€ OYEBHIHYIO aOCYpIHOCTh 0 CHX MOP MOLACPKUBACTCS MHOTUMH YYECHBIMHU.
OpHako IeTaJbHBIMHM MCCIIECAOBAaHUAMHU C HCIIOJIB30BAHMEM AAaHHBIX IOJIEBBIX HAOJIIOJNECHUH,
BO3JYIIHBIX CHEMOK M KOCMHUYECKOTO MOHUTOpPUHIA YCTAHOBJIEHBI WCTHHHBIE IPUYHMHBI
KaTacTpoduueckoro BeiOpoca jenHuka Komnka M peKOHCTPYHPOBaH XOA €ro MOATOTOBKU H
KyJIbMUHaIMU. B OCHOBY HMCCI€0OBaHUM ITOJIOXKEH COOCTBEHHBIN ONBIT M3YUYEHUS ITOABUKEK
JEAHUKOB, pacronoxeHHelx B ropax Kaekaza, Ilamupa, Tsass-Illans, Kapakopyma. B
KOCMHUYE€CKOM MOHHUTOPHHI€ Ba)KHOE MECTO 3aHMMAaIOT (OTOCHEMKH C OOpTa POCCHICKOTO
cermenTa MKC ¢ paspemienueM Ha MecTHOCTH OT 2 A0 10 M.

IIpuBoOATCS WTOTOBBIE pE3YyAbTATBl HCCIEAOBAHUS OHAOTCHHBIX M JK30TEHHBIX
¢akTopoB ['enangoHckoi kaTacTpodsl. CocTaBlieHa CBOJAKA YCTAHOBJICHHBIX (PaKTHYECKHUX
JaHHBIX O COCTOSIHHM JIEJHUKAa W OKpPY)KalOIIUX CKIOHOB W YHHUKAIBHBIX IPU3HAKAX
SBOJIIOLIMM JIEJHUKA M MEXaHW3Ma €ro BBITECHEHHS H3 Joxka. [lokazaHa InWHamMMKa
(hopMupoBaHus y HOAHOXHs ropbl J[kumapaii — X0X HOBOTO JIGOBOTO Telia U yracaHus
aroro nporecca B 2011 — 2012 rr.

[laercst aprymeHTanus reOXMMHYECKOI PUPOIBI B3PHIBHOTO IpoLiecca KaTacTpodbl Ha
neanvke Kounka, mpousoleaiiei nocie OTHOCUTEIbHO KOPOTKOrO MEpUOia aKTUBU3ALUU 110
CLIEHAPUIO IIyJIbCALUOHHBIX U3MEHEHUN.

On September 20, 2002 a catastrophe occurred in mountains of North Ossetia. More
than 130 people died. The single collapse of ice from a plateau located over a glacier, beating
it out from its bed was recognized as the official cause of accident. This version quite steadily
exists in public consciousness and despite its obvious absurdity is still supported by many
scientists.

However detailed researches with use of field supervision, air shootings and space
monitoring established the true reasons of catastrophic emission of Kolka glacier. The course
of its preparation and the culmination are reconstructed. The personal experience, studying
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motions of the glaciers located in the mountains of Caucasus, Pamir, Tian-Shan, and
Karakorum is used as a basis of the researches. The important role in space monitoring is
occupied by photographing from on board of the Russian segment of ISS with resolutions
from 2 to 10 m.

Final results of research of endogenetic and exogenic factors of Genaldon accident are
given. The report of the established actual data about the condition of glaciers on both
surrounding slopes as well as the unique signs of evolution of Kolka glacier and the
mechanism of its displacement from a bed is made. Dynamics of a new ice body formation at
the bottom of Dzhimaray-Khokh mountain and fading of this process in 2011-2012 is shown.

The argument of geochemical nature of the explosive process of the accident is given,
which has occurred after a rather short period of activation according to the scenario of
pulsations.

Karacrpoduueckoe HaBogHenue B ropoae Kpbsimcke 6—7 urous
2012 r.

JleB B. lecunoB, Buktop A. Pynakosn

Hucmumym eeoepaghuu Poccuiickou akademuu nayk, Mockea, Poccus

remote_sensing@complat.ru

Catastrophic flood in the city of Krymsk on 6-7 July 2012

Lev V. Desinov, Viktor A. Rudakov

Institute of Geography, Russian Academy of Sciences, Moscow, Russia

remote_sensing@complat.ru

IIpuBogsTCsS pe3ynbTaThl MCCIAENOBaHUM BO3HMKHOBEHUS, PAa3BUTHS M KyJIbMUHAIUH
KaTacTpOopUIEeCKOTO HaBOJHEHHS, mpounsolemero 6 u 7 utonst 2012 r. B ropoge Kpbimcke
KpacHomapckoro kpas. Pabora ocHOBaHa Ha MaTepuajgax IeIHPpPUPOBaHUS (OTOCHUMKOB C
paspelnieHeM Ha MECTHOCTH OKOJIO 2 M, MOJYYEeHHBIX B paMKax IpOTpamMMbl «YparaH» c
oopta poccuiickoro cermenta MKC B mepuon ¢ 9 mo 11 wurons. Mcnons3oBaHbl JaHHBIE
BO3YIIHBIX U HA3EMHBIX ChEMOK THAPOJIOrHYECKOro OacceiiHa p.AaryM U OTrpOMHBII 00beM
(hakTHUECKHUX NaHHBIX, penocTaBleHHbIX ClieICTBEHHBIM KOMUTETOM Poccuu.

Ob6cyxpnatorcsi 0coOeHHOCTH penbeda, MOACTUIAIONIMX TOPOA M PacTUTEIBHOTO
MOKpOBa Ha CKJIOHax pek bakanka n HebGepaxaii, posb 3TUX (paKTOPOB B HABOJHCHUHU.

Ha ocHOBe maHHBIX METEOCTaHLMH M THUAPONOCTOB 00 MHTEHCHUBHOCTH OCAIKOB H
M3MEHEHUH YPOBHS BOJHOW MOBEPXHOCTH PAaCCUUTaHbl 00bEMBI BOABI, HocTuriieid KpeiMcka.
[Toka3zanbl Tpu (a3bl HABOAHEHHS U POJb MHKEHEPHBIX COOPYKEHHH B KaTacTpO(PHUIECKOM
BapUaHTE €ro MPOXOKACHUS.

Results of researches of emergence, development and the culmination of the
catastrophic flood which has occurred on July 6 and 7, 2012 in the city of Krymsk of
Krasnodar Krai are given. Research is based on interpretation of high resolution photos (R =2
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m), received within the Uragan program from on board of the Russian segment of ISS during
the period from July 9 to July 20. Data of air and land shootings of the hydrological basin of
the river Adagum and the huge volume of the actual data provided by Investigatory
Committee of Russia are used.

Features of the relief, spreading breeds, vegetative cover and other natural factors in
valleys of the rivers of Bakanka, Neberdzhay and Bogogo and their role in the catastrophic
scenario of flood are discussed. On the basis of these meteorological observations about
intensity of precipitation and change of level of the water surface, volumes of the water which
has reached Krymsk are calculated. Three phases of flood and the role of engineering
constructions in the accident are shown. The main content of the project provided is directed
towards prevention of similar accidents in the future.

HN3MeHeHus B 30He ['eHANIOHCKOM IIANMAIBHON KaTacTPOdbl mocJie
2002 roxa

Jmutpuii A. Ierpakos’, Baiepuii H. [Ipo6bimes®, Asnexcanap A. Ajeiinukos'”,
Koncrantun A. Apucros', Osibra B. Tyry6anuna’, Cepreii C. Yepnomopen '

1 . .
Mockosckuii cocyoapcmeennulii yHugepcumem umenu M.B. Jlomonocosa,
eeoepaguueckuti paxyromem, Mocksa, Poccus

2 . o . .
Braouxasxascxuil nayunviii yenmp Poccuiickoii akxademuu nayxk u Ilpasumenscmea
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IIpoBenen ananu3 M3MEHEHUH, MPOU3OMIEAIINX B 30HE IIALMANBbHON KatacTpods! 20
centsiops 2002 r. B pecnyOmuke Ceepras Ocerus-Ananus (Poccust). Ilo pesympratam
eXeToMHBIX ToJieBbIX HabOmoneHuit 2002-2010 rr., Tomorpadguieckux cbhemok 2002, 2003,
2004 u 2009 rr., aHamM3a KOCMHYECKMX CHHUMKOB OIIpENEJeHbl TeMIIbl BOCCTAHOBIICHUS
nenHuKoB B Iupke Konka u Temmbl paspylleHus JeasHoro 3asaja B KapmamoHckoi
KOTJIOBHHE. Y cTaHOBIIEHO, 4TO B 2004-2009 rr. Ha oHE HEOTArOMPUATHBIX JIJIsT KABKa3CKOTO
OJIeICHEHUS] TIOTOAHBIX yCJIOBUI B IMpKe JeqHuka Konka Hakonmuiaock 16 MITH.Ky0.M Jbla.
briBie nputoku Kosku ctami caMoCTOSITEIbHBIMU J€IHUKAMHU, OUH U3 HUX MPOJBUHYJICS
no gaunTy nupka Ha 500 M. OTo cTano eanHCTBeHHBIM Al KaBkasa cirydyaeM 3HaYUTENbHOTO
HacTymanus JeaHuKoB B XXI Beke. B mHuWIEe nupka, 0oCBOOOIUBIIEMCS OT JIGTHHUKA IOCITS
karactpodsl 2002 r, wiomans JeaHukoB gocturia 0,6 kB.kM k 2010 r. O0beM JeASHOTO
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3aBana B Kapmamonckoit kotioBuHe B 2002-2009 rT. cokpaTtwics Ha ¥4, IDiomians — Ooiee
4YyeM HaloJIOBUHY, a IIOBEpXHOCTh MecTamMu mnoHu3uiack Ha 90 ™. VYyuthiBas
MPOrPECCUPYIOIEe 3aMEIJICHHE TEMIIOB TasHUs, JieJ B KOTJIOBHHE MOXKET COXPAHHUTHCA JIO
2020 r. OCHOBHYIO OIaCHOCTD JI 3eMJICTIONB30BaHUS B TONHMHE p. ['eHANI0H mpeAcTaBiseT
BO3MOXXHOCTh (POPMHUPOBAHHS KPYIMHOTO CEJs JOKIAEBOTO WM TIAIHAATHHO-TOKIECBOTO
TeHe3rca MPH BBIMIAJICHUN OCaIKOB penkon obecrieueHHocTH. B Ommkaiimue 10-15 met He
CJIETyeT OKUATh TIOBTOPEHUS COOBITUH, CXOXKHX C MIIsIIHaIbHON kKaTtactpodoii 2002 r.

We have analyzed changes in the area of Genaldon glacial disaster of 20 September
2002 in the Republic of North Ossetia-Alania (Russia). Using results of annual fieldwork
(2002-2011), topographic surveys in 2002, 2003, 2004 and 2009, interpretation of satellite
imagery, we have determined the rate of glacier regeneration in the Kolka cirque and the rate
of downwasting for the ice accumulated in the Karmadon depression in 2002. We register
accumulation of 16 M m’. in the Kolka cirque in 2004-2009 despite unfavorable conditions
for Caucasus glaciers. Former Kolka Glacier tributaries have become separate glaciers, one of
them has advanced by ca. 500 m. It is a unique phenomena for the Caucasus in the 21"
century. In the bottom of Kolka cirque from where Kolka Glacier evacuated during the 2002
disaster, the glacier covered area has grown to 0,6 km® by 2010. The volume of ice blockage
in the Karmadon depression decreased by 75% in 2002-2009, its area decreased by over 50%,
and surface lowering reached 90 m in some areas. Taking into account the progressive
deceleration of ice thawing we suppose that ice in the depression may exist until 2020. The
main current hazard for landuse in the Genaldon River valley is a possible initiation of large-
scale rain or glacier-rain debris flow in case of heavy rainfall. In the next 10-15 years we do
not expect recurrence of an event similar to the glacial disaster of 20 September 2002.

O0BabHO-0M0I3HEBBIE JaMOBbI B 3an1aiHOM YacTu ['uMaJiaeB u Mepbl
10 CHUKEHHIO yliep0a oT HUX

Kan ©. MIuaiinep
Hucmumym npuxnaownoii eeonoeuu Yrnusepcumema npupooHsix pecypcos u HayK o
orcusHu, Bena, Aecmpus

Jjean.schneider@boku.ac.at

Landslide Dams in the Western Himalayan Range, Mitigation
Measures

Jean F. Schneider

Institute of Applied Geology, BOKU University of Natural Resources and Life Sciences,
Vienna, Austria

Jjean.schneider@boku.ac.at

Landslide-dammed lakes are commonly short-lived and are often eroded within a few
days or weeks after their formation (Costa and Schuster, 1988). However, larger ones may
also remain constant in size for years, like Hattian Slide in Kashmir (Schneider, 2008,
Konagai and Sattar, 2012) or centuries like Lake Sarez in Pamir (Schuster and Alford, 2004).
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The lake development reflects the state of the landslide dam shape and composition in relation
to the water resources in the study area on the one hand and determines the level of lake
outburst and flooding hazards on the other hand.

Seepage through the dam or retrogressive erosion caused by uncontrolled overflow of
the dam are the main causes of the dam breaching. Also new Earthquakes or new large mass
movements in to the lake impounded behind the dam are common causes of dam failure. The
most used stabilization method of these dams has been the construction of a protected (lined)
spillway. Also lake drainage by means of siphons, pumping, tunnels outlets and diversions
have been used. In a few cases, blasting to open new stream channels were successful.

The Attabad landslide in Hunza valley, northern Pakistan occurred early January, 2010,
and blocked Hunza river to a height of 120 m. Similar historical landslide dams collapsed
further south (Hewitt, 1982), which suggested a fast erosion of the new dam, which created a
lake, 21km long, inundating several settlements and parts of the Karakoram Highway.
Different flood wave scenarios were modeled and up to 40’000 persons evacuated, but the
lake level reached the unlined artificial spillway without dam breaching end of May 2010.
Stepwise damming to excavate deeper and consecutive blasting to lower the lake level is still
going on. The stability of the Gneiss matrix of the dam was underestimated and resists natural
erosion. It is essential to lower the saddle of the dam to decrease the outburst risk and to let
the flooded Karakoram Highway emerge.

Early April 2012, a rock/ice avalanche, entraining a lateral moraine, originating from a
northern side glacier below Bilafond Glacier in Gayari Valley, Siachen Region in Jammu
Kashmir, Pakistan engulfed a camp, burying over 120 people. The compacted debris cone
started to dam a lake, which during snow melt could have failed, resulting in a possible
outburst. Flood wave simulations showed the risk of flooding further settlements downstream,
therefore excavating of a channel was started immediately to lower the risk and to enable the
rescuers to dig for remaining bodies. This excavation was successful, even though the debris
matrix formed of morainic material and ice was soaked with glacier melt water.
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s u3ydeHHs BYJKaHOTGHHBIX celieli Ha KamuaTke TIpOBEIEHBI IOJIEBBIC
nccaenoBagusg B 2008, 2011 m 2012 rr. BemomHeHn aHamn3 KOCMHYSCKMX CHHMKOB H
JTUTEpaTypHBIX MaTepruaioB. BeIsiBiIeHb 0coOeHHOCTH (DOPMUPOBAHUS BYJIKaHOTEHHBIX Celeit
(maxapoB) mnpu wu3BepkeHUsX BynkaHoB KimroueBckoii wu IlluBenyuy Ha Kamuatke.
PexoHcTpynpoBaHa XpOHOJOTHS BYJIKAHOTCHHBIX Celeld 3a TMOCIEeJHUE JECATHUIICTHUS.
CocraBneHa kapTa ycIIOBUH (GOpMHpPOBaHHUS cellell BOCTOYHOTO cekTtopa KirrodeBckoro
ByikaHa. Oco0oe BHHMaHHE YIEICHO (OPMHUPOBAHHUIO BOJHON COCTaBISIONICH CEIEBBIX
MOTOKOB HAa BYyJKaHaX. BBIABICHBI OCOOCHHOCTH MEXaHU3MOB 3apOXKJCHHS JIaxapoB
TIIANHAATBHO-BYJIKAHUYECKOTO W HHUBAJIBHO-BYJIKAHMUYECKOTO TeHe3uca. [lo pesympraTtam
WHTEpIpPETal[il KOCMHUYECKUX CHHUMKOB COCTaBieHbI 19 cxem jaemudpupoBanus u 0aza
JMaHHBIX 1O JjaxapaM Kamuyarku. BEINONHEH TpaHyJIOMETPUYCCKHM aHaIU3 OTIIOKEHUH
Jaxapos.

We considered features of the formation of volcanic debris flows (lahars), on the basis
of our field research in 2008, 2011, and 2012, interpretation of satellite images, and analysis
of literature on volcanic eruptions of Klyuchevskoy and Shiveluch volcanoes in Kamchatka
Peninsula, Russia. We reconstructed the chronology of volcano-induced debris flows at these
volcanoes over the last decades and have compiled a map of debris flow formation conditions
for the eastern sector of the Klyuchevskoy Volcano. We focused particular attention on the
formation of the water component of volcano-induced debris flows. Mechanisms of lahar
initiation as a result of glacial processes and of snow melting on volcanoes have been
highlighted. We interpreted satellite images and made 19 sketch maps and database on lahars
in Kamchatka. Also we analysed granulometric composition of lahar deposits.
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Anthropogenic mudflows in the basin of the River Mzymta River
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B mocnegame o 3HAYUTETHHO BO3POCIIa aKTHBHOCTH CEJIEBBIX MPOLIECCOB U SBICHHH
. B OacceliHe p. M3bIMTa. 37ech CTPOSTCS ONMMITMICKHE M PEKPEAllMOHHBIE OOBEKTHI.
MHorue U3 HUX HaXOJSATCS B CEICOMACHBIX 30HAX

Peixiple  OTNIOKEHUWS, BO3HUIIAE TP CTPOUTENBCTBE (eAepanbHON  TpacChl
TOPHOJBDKHOTO KypopTa «Po3a XyTop» u Ipyrux 00bEeKTOB, COPACHIBAIUCH B PYCiIa MEITKHX
pex, Bnanaromux B p. M3bimta. CKOIUICHHE PHIXJIOrO CyOCTpaTa MpHUBeENo K (hOPMUPOBAHUIO
CEJIEBBIX TTOTOKOB, KOTOPBIE B PEIBIAYIIIE TO/bI 37IECh HEe HAOIIOAAUCh.

MaccoBslif cxoj ceneil oTMeuasncs BecHou, B anpene 2012 r. Ilocie 3HaUUTENBHOrO
MOTEIUICHUS. ¥ MPOJODKUTENBHBIX JuBHEeH 2, 10, 12 ampens ¢ 1eBOro CkioHa p. M3pIMTa
couuy ceneBble MOTOKM. OHHM MEPEeKPBUIM CTposIIylocs (eaepanbHyl0 aBTOTpaccy H
noanpyauwiad p Msemmra. Ilpm sToM OBUTH  pa3pymieHBl HEKOTOPBIE CTPOHTEIHHBIE
KOHCTPYKIMUH W 3aChINIaHO IMOJIOTHO AOPOTH HA MPOTAKECHUN OJHOTO KHJIOMCTpA. OCHOBHBIM
WUCTOYHHKOM TBEPJIOW COCTABISIONICH celeld ObUIM TPYHTOBBIC OTBAJbl, COPOIICHHBIC B
BEPXOBBS MAITBIX PEK U IPO3UOHHBIX BPE30B.

Bo Bpems cxoma cemeBoro motoka 10 amperns Obuta TIOBpEXKICHaA cejieBas rajepes.
O06nem ceneBbIX oTnoXkeHu# coctapist ot 2000 mo 12 000 ky6. M.

In recent years the activity of mudflows processes increased significantly in the basin
of the Mzymta River. Olympic and recreational facilities are being built here; many of them
are in the mudflow areas.

Loose sediments, which origin in the construction of Federal Highway to complex
“Rosa Khutor” and other objects were thrown in the river bed of small rivers flowing into the
Mzymta River. Accumulations of loose substrate are creating mudflows, which in previous
years have not been observed here.

A massive mudflow was registered in spring, in April 2012 after a significant warming
and prolonged downpours. On April 2, 10 and 12, mudflows descended on the left slope of
the Mzymta River. They covered the Federal road and dammed the Mzymta river. The
mudflows destroyed some building structures and filled the road over one kilometer. The
main source of solids mudflows was builder’s debris, thrown into the upper reaches of the
small rivers and their erosive incisions.
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3uma B KpacHoll moisHe He yCTOWYMBAs C YaCTBIMH OTTEIENSIMH, CHETONaJdaMH M
MOXKIsMU. Takue TOTOAHBIC YCIOBUS CIOCOOCTBYIOT KaK CXOAYy CHEXHBIX JIABUH B
CpPEIHETOPHOI U BHICOKOTOPHOM 30HAX, TaK U OMOJ3HEU U CEJIEBBIX MOTOKOB B HU3KOTOPHOMU
30HE.

CeneBple TIOTOKH (POPMHPYIOTCS B 30HE HEYCTOWYHBOTO CHEKHOTO TOKpOBa Ha
BbIcoTax Hike 1000M. Ham ypoBHEM MOps. 37eCh MPOUCXOAUT TasHUE CHera, OOWIIBHOE
CMadrBaHUE W Pa3KIKEHHE ITOYB U TPYHTOB.

Hamu paccMarpuBaroTcsi IOroiHbIC YCIOBUS U JIABUHHBIN pexkuM 3umbl 2011 — 2012 1
B oramume ot mpyrux 3um, mociensss 3uma 2011 — 2012 rr. Obuia 3HayuTENBHO OoJee
XOJIOAHON M CHEXXHOM. Mcxons U3 3TOro, B LEIOM MOXKHO OXapaKTepHU30BaTh MUHYBIIHMA
3UMHHUI CE30H KaK CpeIHE JIABMHOOIACHBIM, a BECCHHHME MECHIHl (ampenb-Mail) CHIBHO
JIABUHOOIIACHBIH, a TAK)KE CUIILHO CETICOTTACHBIH.

Winter in Krasnaya Polyana is not steady, with frequent thaws, snowfalls and
intermittent rains. Such weather conditions are conducive to snow avalanches in mountain
and highland areas, as well as landslides and mud flows in the low zone.

Mudflows are formed in a zone of unstable snowpack at elevations below 1000 m.
above sea level, here melting snow, excessive wetting and soil dilution are the consequences.

We discuss the weather and avalanche mode of winter 2011-2012, unlike others, this
winter was significantly cooler and with more snow. On this basis, the whole last winter
season can be described as having a medium avalanche hazard, and the spring months (April-
May) as having very high avalanche hazard, also very high mudflow hazard.
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The giant hummocky debris landscape in the Chapursan valley
(Karakoram Mountains, Pakistan): Glacial-geomorphological
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The formation of large-scaled debris accumulations with hummocky terrain has been
discussed controversially in different mountain regions of the world. In the last decade a lot of
debris accumulations, which have been classified formerly as terminal moraines, have been
reinterpreted as product of mass movements. These new findings have also wider implications
for the hazard potential of settlements located in glaciated mountain regions. Thus, this paper
contributes to the discussion on the development of hummocky debris landforms by gradual
versus catastrophic processes in high mountain areas with a case example from the upper
Chapursan Valley at the Afghan-Pakistan border (36°45°N / 74°20’E, Karakoram Range,
Pakistan). The valley floor and the adjacent sediment cones are covered with an outstanding
hummocky debris landscape over a length of about 10 km and a width of up to 1 km with
individual hummocks reaching about 10 m in height.

These landforms overlap with the zone of permanent settlement. According to local
legends and reports of early travelers in this region, one of the largest settlement
concentrations formerly occurred in the upper Chapursan Valley and was destroyed by a
natural disaster. In order to study the formation of the debris landforms in more detail
geomorphological field investigations, sedimentological studies, a comparison of satellite
images, an analysis of historical data and interviews with the local inhabitants have been
carried out. The results show that complex geomorphological processes consisting of a glacier
advance and followed by glacier lake outbursts and ice avalanches have contributed to the
formation of the hummocky debris landforms. The Kit-ke-Jerav and Yishkuk Glaciers in the
upper Chapursan valley seem to have experienced extraordinary fluctuations in historical and
recent times.

Reference
Iturrizaga, L. (2011): Hummocky debris landforms in the Chapursan Valley (Karakoram range,
Pakistan): A glaciogeomorphological investigation. In: Geomorphology,

doi:10.1016/j.geomorph.2011.10.023
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B 2011 roxy B uronie U aBrycte MpOU30LIEN CXOJ JTMBHEBBIX, JIUBHEBO-TISIIAANBHBIX U
TJBSITUABHEBIX celel Ha TeppuTopuu peciyoamk CesepHoro KaBkasza — Kabapauno-bankapus
u CepepHas Ocerus-Ananust Ha ckiaoHax Ckamuctoro u bokoBoro xpeGToB B OacceifHax pek
Bakcan, Yerem, Uepek, ApnoH, ®uarmon. CeneBble MOTOKHM OBUIM BBI3BaHBI JUBHSIMU,
AaHOMaJbHBIM TasHUEM JIEJHUKOB TIPU TOBBIIIEHHOM TeMIIepaTypHoM (OHE, a TakKkKe
mpopeIBOM  o3epa. JIMBHEBBIE OCAagK{, TMOCTYXWBIIHNE TPUTTEPHBIM  MEXaHH3MOM
OOJBIIMHCTBA ceseil, 3aMKCUPOBAaHBI HA METEOCTAHIIUAX, THAPOIIOCTAX U JOKATOpax.

B pesynprare memmdpupoBaHus KOCMHYECKHX CHUMKOB Spot 4 (2010 r.) u Spot 5,
EROS-B (2011 r.) 051 BBISABICHBI apealibl cxoaa cenei B OacceiftHax pek bakcan, Uerem,
Uepek, [lcpiran-Cy u Xa3HHIOH U IUIOIIAAM CEJEBBIX OTIOKEHHH. B Xoae mapmpyTHbBIX U
a’pOBU3YaANBHBIX 00CIEIOBaHNH OB OTIPEIeNICHBI TApaMETPhI CENIEBBIX TOTOKOB.

Camble 3HAYNTEIBHBIE CEM ¢ 0OBEMAaMH BBIHOCOB Goiee 100 Thic. M’ MPOLUTH MO
nmonuHaM pek ['epxoxan-Cy, Kymrymkon-Cy (6acceiin p. bakcan), ['tonpun-Cy (6acceit p.
Uepex Bankapcknit). Cemn 06b5EMoM BeIHOCA Gosee 10 Thic. M’ OTMEUEHBI B JOTHHAX PeK
Anait-Cy (bacceitn p. Yerem), Hapraner (Oacceitn p. Uepek besenrwmiickmii), Llupkmu u
Tapramna (6accetin p. Yepek bankapckuii), Azay (Oacceitn p. bakcan). Marepuaiom
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CENIEBBIX TMOTOKOB MOCTYXWJIH TIISIUATBHBIE U KOJUTIOBHATBHO-TIISAIUALHBIC OTIOXKCHUS, a
TaKXe KOJUTIOBHAIIBHBIC OTJIOKEHHS CKaJbHBIX KYJIyapoB, OCHIMHBIX ILIEH(OB, 00BaIOB U
OTOJI3HEH, ACTI0BUATBHO-KOJUTIOBUAIBHBIC OTJIOKEHHSI CKIIOHOB.

CX0JI0M CeNIeBBIX TIOTOKOB OBUT MPUYMHEH 3HAUNTEILHBIN yIepO B pe3ysbTaTe 3aHOCa
CENICBBIMU  OTJIOXKCHUSIMH aBTOMOOHJIBHBIX JIOPOT W YYAaCTKOB 30H OTIbIXa, IPOPHIBOB
ra3omnpoBojia W BOAOMPOBOJA; paspyieHus omop JIDII u raszompoBona, MOJOTHA IOPOT,
BPEMEHHBIX TOCTPOEK M OJIOKMPOBAHHS TPAHCIIOPTHOTO COOOIICHUST HACEIEHHBIX MYHKTOB U
PEKpEAIMOHHBIX 30H.

Many debris flow events registered in July and August 2011 in Kabardino-Balkariya
and North Ossetia, two Russian republics in the Central Caucasus Mountains. These events
occurred at slopes of Skalisty and Bokovoy ranges in Baksan, Chegem, Cherek, Ardon,
Fiagdon river basins. Debris flows were induced by rainfalls, anomal glacier melting, and also
by glacial lake outburst. Local meteorological and hydrological stations and locators
registered intensive rainfalls, which triggered to debris flows.

We interpreted satellite images Spot 4 (2010) and Spot 5, EROS-B (2011), recognized
the locations of debis flow events and estimated area of new deposits in Baksan, Chegem and
Cherek valleys. Also we determined parameters of debris flows during ground research and
helicopter surveys.

The largest debris flow events have registered in Gerkhozhan-Su, Kullumkol-Su gullies
(Baksan River basin), Gyulchi-Su (Cherek Balkarskiy River basin) valleys. These flows
transported and accumulated more than 100,000 m’ of deposits. Other debris flows
transported more than 10,000 m® occurred in Aday-Su (Chegem River basin), Nartaly (Cherek
Bezengiyskiy River basin), Thirkli and Tartashla (Cherek Balkarskiy River basin), Azau
(Baksan River basin) valleys.

Debris flows involved glacial, colluvial, landslide, and deluvial deposits. Debris flows
lead to large damage. They destroyed buildings, gas pipelines, water plumbings, and
tempotally blocked roads to settlements and tourist areas.

O HeKOTOPBIX 00CYKAAEMBIX ACMEKTAX KATACTPOPHUUIECKOro €Xo1a
adeanuka Koaka

Pycaan A. TaBacuesn

Cegepo-Ocemunckuil nouckoso-cnacamenvhvitl ompsio MYC Poccuu, Braouxaskas,
Poccus

tavasglacio@mail.ru

About some discussed issues on Kolka Glacier disastrous falloff

Ruslan A. Tavasiev

North-Ossetian Searching and Rescue Detachment of Ministry of Emergency Measures
of Russian Federation. Viadikavkaz, Russia

tavasglacio@mail.ru

For the 10 passed years after the dramatic falloff of Kolka Glacier on 20" of
September in 2002 specialists have published about 300 works devoted to this topic. These

19



works threw light on the reasons for the disaster, considered its different characteristics and
made prognosis for future. The author disagrees with some of viewpoints: there was no shock
wave in the disaster in 2002. The main fumaroles gas that released in the gorge of Kolka
Glacier was not H,S but SO,. The main initial reason was the endogenous warming by
fumaroles gases of the glacier bed and Kolka Glacier itself. The falloff of the hanging glaciers
onto the backside of Kolka Glacier caused the fast growth of the critical mass. But for the
endogenous heating of this glacier bed, the glacier would not have grown to its critical mass
in 2002 and there would not have been any disaster. The endogenous heating of the bed of the
Kolka Gorge might have been the first reason for the disasters in 1752 and in 1902. For a
short-term forecast the growth of the glacier's surface to the upper level of the flank moraine
is an important indicator that the glacier's critical mass was growing and the readiness to
falloff was high. The appearance of the lakes at the heights of 4,000 meters and higher
testifies to the rise in endogenous warming in Kazbek-Djimara mountain massif. The disaster
in 1752 was of smaller scale than the one in 2002.

The disaster on September 20, 2002 is the biggest glacial disaster ever known in
North Ossetia. Deposits on confluences of rivers Genaldon and Kauridon were formed not by
ancient ice-rock avalanches but underwater landslide and mudflow sediments. There are not
ice-rock avalanche sediments, but typical forms of rock glaciers, that are found in Fiagdon,
Kauridon and Uallagdon Gorges. Those are not the traces of ancient sediments of avalanche
similar torrents but typical bank moraines of the late Pleistocene and Holocene of Midagrabin
Glacier that are found in Midagrabin Gorge.

It is important to arrange permanent monitoring of endogenous processes, icefalls and
new high mountainous lakes formation for long-term prognosis and warning against future
emergency situations.

Bo3mo:kHasi KOHIENIUs JOKAJIbHOI0 CPEAHECPOYHOI'0 IIPOTHO3N-
POBAHHUSA OIMMACHBIX IK30I€HHBLIX MMPOLECCOB HA 0a3e HHTETPUPOBAH-
HOI'0 aHaJIn3a JaHHbIX q)yHKHI/IOHprmH_[I/IX CUCTEM MOHHUTOPHHTI A

(FeOJIOFH‘IeCKOFO, CEﬁCMquCKOFO, T'HJAPOMETEOPOJIOINIECCKOIo Ilp.)

Hrops M. BacskoB

Cegepo-Kagrasckuii 20pHO-MemaniypeueckKuil UHCmumym (20Cy0apCcmeeHHblil
mexnono2uyeckutl ynueepcumem), Braouxaexas, Poccust

vaskov_im@mail.ru

A proposed concept of local medium-term forecast for exogenous
natural hazards on the basis of integrated analysis of functioning
monitoring systems (geological, seismic, hydrometeorological etc.)

Igor M. Vaskov
North Caucasian Mining and Metallurgical Institute (State Technological University),
Viadikavkaz. Russia

vaskov_im@mail.ru

I'emanmonckas kartactpoda 20 ceHtsOps 2002 roma siBUIACh COOBITHEM MHPOBOTO
MaciiTada, HO He TOJILKO BCIIEICTBUE CBOCH HEMOBTOPUMOCTH, KaK IPUPOTHOTO siByieHus. EE
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YHUKAIBHOCTh 3aKIF0YaeTcs U B TOM, YTO MPOM3OINIA OHA B HAIlle BpeMs Ha 3aCEeIICHHOM,
JIETKO JOCTYITHOW TEPPUTOPHH C PA3BUTHIMH CHCTEMaMH MOHHTOPHHTA IIPUPOTHON Cpembl —
reoJIOTHYECKOro, CeCMHUYECKOro, THAPOMETEOPOIOTHIECKOTO0, KOTOphIe NEHCTBYIOT OKOJIO
NOJyTOpa CTONETHH. VIHTEHCHBHBIE HCCIENOBaHMs MOCIEACTBUN KaTacTPO(BI «IO CBEKUM
cienam», MPOBENEHHBIE yUYEHBIMA PoccMu M MHUPOBOTO COOOIECTBA, TO3BOJMIN BBIIBUTH
NpPUYUHBI €€ BO3HUKHOBEHHS, XapaKTEepHBIE MPHU3HAKU IMOJOOHBIX COOBITHM M IOJIOKEHHE
JIeI0OBO-KaMEHHBIX 00BAJIOB B PAY OMACHBIX TPABUTAIIMOHHBIX MPOLECCOB.

B pesymbraTe wuccrnemoBaHUI BBISBICHO T'E€HETHYECKOE EIWHCTBO IEPMAHEHTHO
Pa3BUBAIONINXCS OMACHBIX TPABUTANMOHHBIX TPOIECCOB M CBA3h THUIOB WX IPOSBICHUS C
COBPEMEHHOH TeOAMHAMHKOH, B OOMEM, M TOPHOKIMMATHYECKOH 30HAJIBHOCTHIO, B
YaCTHOCTH.

Bo3spacratomuii 5JKOHOMUYECKHH yIIepO W 4acTOTa BO3ACHCTBHS OMACHBIX DK30TECHHBIX
NpOIIECCOB Ha OOBEKTHI DKOHOMHUKH CeBepHOTO ckioHa bompmoro KaBkaza wu, rmaBHOe,
rulenp noJel 00SA3bIBAIOT HAy4YHOE COOOIIECTBO HCKAaTh HOBBIE MYTH NPOTHO3UPOBAHUS
npupogHbIXx Karactpod. IIpm sToM «Ha BBIXOIE» OCHOBHBIMH IPOTHOCTHYECKUMHU
XapaKTepUCTUKAMU JOJKHBI OBITh MECTO M BPEMs BO3MOXKHOTO COOBITHS, HHTEHCUBHOCTh U
pa3Mepsl 30HBI IOPAKEHUS € KeTaTeIbHOM TOUHOCThI0 He MeHee 60-70%.

MeTtononorusi  BBIPa0OTKH  CIIOKHBIX ~ CPEIHECPOYHBIX JIOKANBHBIX IPOTHO30B
KaTacTpOpUIECKUX BOSMYIIEHUH IPUPOJHON Cpebl JOKHA CTPOUTHCS C YIETOM KaK MOKHO
00JIbIIEro KOJUYECTBA PETYIISIPHO PETUCTPUPYEMBIX mapaMeTpoB. [lox mpupoaHoit cpenoit B
MAHHOM Cllydae TIOHUMAaeTcs 3eMHas Kopa W e€ BHEImHHe O00J0YKH — THIapocdepa,
atMocdepa M, B KaKOH-TO cremeHu, Omocdepa ¢ riyOOKMM ydETOM MX OOIICH AMHAMHUKA
pasButhsa. CreoBaTeNbHO, OJHUM K3 BaXHEHIINX BUAOB MHGOpMANUU ISl MOCTPOCHUS
reoJUHAMUYECKOW MOJIENH, B YACTHOCTH, SIBJIAIOTCS JAHHBIE JEHCTBYIOUINX PETHOHAIBHBIX U
JOKaNbHBIX ceificmuueckux cerelt CeBepHoro Kamkasza. Hampumep, rumoneHTpsI ((POKYCHI)
3eMJIETPSACEHUIl B 3€MHBIX HeIpax paclojiaraloTcs B IpeAesiaX COBPEMEHHBIX pPas3IOMOB,
KOTOpBIE SBIISIOTCSI TIOBEPXHOCTAMHU CMEIIEHUsI OJIOKOB TOPHBIX MOPOJ OTHOCUTENIBHO APYT
npyra.

OCHOBO# KOMIUIEKCHOH CHCTEMBI HHTCTPHUPOBAHHONH OOpabOTKH MOTYT CIYKUTh
CIIeyIOIIMeE BUABI U TUIIBI HHPOPMAIUU MO JEHCTBYIOIINM CETSIM.

Monumopune — zeonocuveckoti  cpedvl — TEONOTHYECKUE, TEKTOHHYECKHE H
reoMopdoyIoTHIeCKHe KapThl, KapThl ycioBui pasButus OI'Tl, maHHBIE ONEPaTHBHOTO
KOHTPOJII HM3MCHEHHH TI'e€OJMHaMUYECKOW OOCTAaHOBKM B OIIACHBIX pailoHax Ha OCHOBE
reoie3nYecKuX M reou3nvyeckux HaONOJCHUH, HAOMIOACHUS 32 M3MEHEHUSMHU KPYTH3HBI
MOTEHIIHAEHO OTACHBIX CKJIOHOB.

Ceticmuyeckuti MOHUMOPUHE — KATaJIOTH 3eMJIETPSICEHWH, KaK MPOIUIBIX JIET, TaK U
BHOBb BBISBICHHBIX B PEXHME pEaNbHOTO BpeMEHH, HH(popManmus O AUHAMHKE
reopmsmueckux noneit (I'TJ] u OMU) kak 3a mpomuIbie rojbl, TAK W TEKYIIas, NTaHHBIE 110
MOHOC(EPHBIM BO3MYIIEHHSIM. JTa HHGOPMAITUSI MOXKET SIBIATHCS OCHOBOH ISl TOCTPOEHUH
MOJIOKEHUsI B IPOCTPAHCTBE COBPEMEHHBIX  CEMCMO(OKAIBbHBIX IMOBEPXHOCTEH C
OlpefeNiecHHeM CJIeIOB WX IIepecedeHus] ¢ penbeoM, BBISIBICHHE MENKO (OKYCHBIX
3eMJIETPSCEHUIl Ha TMOJKOHTPOJBHON TEPPUTOPHH M OIpPENAeTICHHE WX MPUHAIJIEKHOCTH K
KOHKPETHBIM Pa3pbIBHBIM CTPYKTypaM B peXHMe PeaJIbHOI'0 BPEMEHH.

Tuopomemeoponocuyeckuii MOHUMOpUHe — NAHHBIE PEKUMHBIX TIISLHOJIOTHYCCKUX H
THAPOJOTHYECKAX  HaOMoJeHu, uHPopMamus 00  HW3MEHEHHAX  KIMMATHYECKUX
XapaKTepPUCTUK, TUHAMUKH THIPOMETEOPOIOTHIECKUX MPOIECCOB B MpeAeNiaX BBIIEICHHBIX
MOTEHIIHAIEHO OTIACHBIX TEPPUTOPUH.

[Ipemnaraemasi KOMIUIEKCHAsI CHCTeMa Na&T BO3MOXXHOCTh BBIPA0OTKH KPAaTKOCPOUYHBIX
JOKaIBHBIX TTPOrHO30B D11l ¢ yTOYHEHNAMHU 1 COBEpIIEHCTBOBAHNWEM Ha dTarle BHEAPEHHS U
ocBoeHus. [IpogomkeHue wucciaenoBaHW B 3TOM HANpaBICHWH IIO3BOJIUT YTOYHUTH
B3aMMO3aBUCHUMOCTD BIIHMSIHUSI IPUPOIHBIX (AaKTOpoB Ha (HOPMHUPOBAHUE KaTACTPOYUUECKUX
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OI'Tl, KOHKPETH3HUPOBAThL TMPH3HAKH W, B KOHCYHOM CYETE, OMNPEACIUTh AaITOPUTMEI
00paboTKN HWH(POPMAITUH, KOTOPBIC ITO3BOJAT C IOCTATOYHOW TOYHOCTBHIO PACCUHUTHIBATH
MECTO 1 BPEMs CO6I>ITI/I$I, €TI0 BO3MOXXHBIC Pa3MCPhI U I'PaHUIILI 30H IMTOPAKCHUA.

Jajieko gocTurapmme Karacrpopuyeckue ABMKEHUS MAacC: IpuMep
0,10k0B0T0 0noJi3HA Paumc, lIBelunapus

Anapeac ¢on Iommurep

basapcroe azenmcmeo no oxkpyscaroweii cpede, Miwomnxen, I epmanus

Andreas.Poschinger@gmx.de

Long run out mass movements: The example of the Flims rockslide,
Switzerland

Andreas von Poschinger

Bavarian Environment Agency, Munich, Germany

Andreas.Poschinger@gmx.de

The ice-rock avalanche at Kolka-Karmadon in 2002 had several aspects of a long run
out mass movement. Even if ice was the prevailing medium, several similarities to a large
rockslide occurred. As an example for a well investigated large scale rockslide the Flims
event in Switzerland will be described hereafter. It is the biggest one in the Alps and one of
the largest worldwide. Its easy accessibility and the good exposure make it to be a famous site
for rock slide studies.

A volume of about 10 km? had broken off on a slip-strike-slope on Jurassic limestone
and had rushed down into the Rhine valley. It crushed into the opposite valley slopes and
entered some opposite valleys. The event had been dated roughly by v.Poschinger & Haas
(1997) by radiocarbon to a Boreal age. Deplaces et al. (2006) succeeded in precising the date
to 9480-9430 yr BP. Accordingly, the event took place during the very first warm period in
the Holocene and any direct glacial influence must be denied. Even so, an influence of
melting of permafrost on the global hydrogeological situation controlled by karst as a trigger
is possible.

One of the consequences was the damming of several lakes. The largest, Lake Ilanz,
had a maximum length of about 25 km and a volume of about 3 km?. After only a short period
the dam has broken partly. The lower part of the dam with a smaller Lake Ilanz persisted for a
longer time.

Even more important was another consequence: The mobilization of the alluvium in the
Rhine valley. In front of the downstream area of the rockslide deposits very peculiar gravel is
exposed. The gravel deposits reach up to 12 km upstream the Hinterrhein valley. The local
geological setting indicates clearly an upstream transport of Helvetic material into a region of
Penninic rocks. The internal structure of the gravel shows many features that imply transport
as an over-sized mud/debris stream. This flow of gravel, sand and fines must have been
triggered by the mobilisation of the valley alluvium by the impact of the Flims rock slide. The
sudden overload on a water saturated alluvium squeezed out the valley fill and liquefied it.
The mobilised mud with a volume of several 100 million m* had enormous transport
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capacities as large units of loose material were transported over kilometres without breaking
apart. Accordingly, the shear forces in the flow must have been negligible.

Similar features have been found at several other sites in the Alps, all in the vicinity of
large rock slides. The interpretation of these sediments as catastrophic long run out mass
movement deposits suggests such events could happen again, also in other parts of the world.
It is not only the rockslide mass itself that can be disastrous but also material mobilised by the
rockslide. Accordingly, even without ice very long run out distances are possible.

KoaunvecTBeHHBbIE MapaMeTPhI IVISNUAIBHON KAaTACTPOQbI B
Cesepnoii Oceruu 20 cenrsiops 2002 roga

Bauepuii H. /Ipo0Obies

Braouxaskasckuii hayunwiii yenmp Poccuiickoii akademuu nayk u [lpasumenscmesa
PCO-Ananus (BHL] PAH), Braoukaskas, Poccus

dvnd444@rambler.ru

Quantitative parameters of the glacial disaster in North Ossetia 20
September 2002

Valeriy N. Drobyshev

Vladikavkaz Scientific Center of the Russian Academy of Sciences and of the Government
of North Ossetia-Alania, Viadikavkaz, Russia

dvnd4444@rambler.ru

Ceenenus 00 aHOMAJBHOM akTHBHM3allMH 00BaJOB (UPHOBBIX moyied J[>kumapaii-xox
Hayanyd mnoctynatb B KoHue wuronss 2002 roma. Peakue TypucCThl, HOCEHMIABUIME 3TOT
OTHIaJICHHBIA BBHICOKOTOPHBIN paioH, dhoTorpadupoBadn pa3pyIiaroImuecs GUPHOBBIE MO,
COOCTBEHHO OOBaJIbl M KOHYC BBIHOCA OOBAJMBILErOCs MarepHajia Ha IMOBEPXHOCTH JIEAHHUKA
Konka. Yem e ObLIO BBI3BAHO CTONIb TPO3HOE siBJIeHHWE Tpupoabl? OMHON W3 MONBITOK
MOWCKa OTBETa Ha 3TOT BOIPOC, CTajia paboTa 1Mo PeKOHCTPYKIUHU (aKTopa CEHCMHYECKOTO
Bo3zeiicTBUA Ha Tepputopun CeBepHoil OceTHHM aHAIUTUYECKHUM (pPacueTHBIM) METOIOM.
Oxaszanoch, uto 14 wmrons 2002 roma maccuB BepiuHBI JknMmapaii-xox OBUT MOABEPKEH
corpsicernto 5,2 Oamna mo mkame MSK-64. Dmunentp storo 3emnerpsicenns Md=3.88
HaXOJWICs B 8 KM K 3amaiy oT B. JKumapaii-xox.

[Ipouenypa pEKOHCTPYKIIMHM TE€OMETPUH TOBEPXHOCTU MCUE3HYBIIUX OOBEKTOB:
nennuka Konka w ¢upHOBBIX moned BepmuHbl J[Kumapaii-xox ObUla OCHOBaHa Ha
BBITIOJTHCHUN TaXCOMETPHUECKON ChEMKH TIBIHAIbHON obOnacTu neaauka Komika. PesyapTaTsl
pacdera cieayolue:

1. O6BEM 00pyIIeHHOTO Ha JIeTHUK QUPHA: V gupy = 22 MJIH. M.

2. O0béM IIbIIa, BOBJICYCHHOTO B KAaTacTpOPUIECKyro MOABIKKY 20 ceHTsOpst 2002
rofa (BKIouas oOBanuBmmiics Matepuan): Vel = 137 mam. m

I'panmuosnoe mo cBouMm MacmTabam  oOpymieHue Jneanuka Komka — Obuio
3a(UKCUPOBAaHO MHOTHUMH celicMocTaHiusmu  KaBkasa. HawmbGomee momHas 3amuch
(IPOIOKUTEIEHOCTRIO OKOJIO 16 MHHYT) TPOBEACHA pPETHOHAIBHON CceHCMHYECKOMH
crannueit «llel», pacronoxxeHHoi B 44 KM K 3amajy OT oyara KatacTpoQsl.
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Jlorudeckoe coOmoOCTaBIICHHE ITUKOBY» CEHCMOTpaMMBI C TOMOTpadudecKor CHhEMKOH,
JETATBHO OTOOpaxkaromeii Mop(oJoTHI0O TYTH TpaH3WTa KaTacTpodUUECKOro oOBaia,
MO3BOJIWIIO UACHTU(HUIIUPOBATh BPEMCHHBIC MHTEPBAJIBI MEXKIY NMUKAMU CEHCMOTPaMMBbI U
MPOTSHKEHHOCTh COOTBETCTBYIOIIUX TPEKOB JIABUHBI. B pesysbraTe 00paOOTKU MOTyYEHHBIX
JAaHHBIX, OBUT TIOCTPOCH TpadWK pacmpenelicHUus CKOPOCTH IPOIBIDKCHHS oOBajla Ha
muctaniuu 19500 M - ot crewnl JDxumapaiti-xox nmo Ckamucroro xpe0Ta, HAriasgHO
JEMOHCTpUpPYIOIIM Bo3pactanue ckopoctu 10 240 km/yac Ha mepBbix 3000 Merpax
TpaekTopuu ABWXKEHUs. [lanee mpoucXoOuT mocTeneHHoe TopMmoxkeHue no 140 km/gac B
MIMPOKON YacTH ymienssi - KapMamoHCKoH KOTIIOBHHE W TIOJHAsI OCTAHOBKA JIEOBBIX Macc B
cTBOpe 3ckapna CkanucToro xpeoTa.

B nononHeHne K BHIMIEU3IOKEHHOMY, OBLT TPOBEACH KUHEMATUYECKHHA pacder
CKOPOCTH TpOABMXEHHsS obOBama 1o [eHanmoHckomy ymienpio. PesympraTer  ObITH
UHTEPIPETUPOBAHBl  em€ OJHUM TpadUKOM  pacmpenelieHUusT CKOPOCTH,  XOPOIIO
COTJIACYIOIIUMCS C TPa(UKOM, TOCTPOSCHHBIM 110 CEHCMOMETPUYCCKHUM JaHHBIM.

Bacceiin p. bagnon (Pecmyoiiuka Cesepnasi OceTusi-AJianus):
ceJieBbIe Mpouecchl MPUPOAHbIC U «PYKOTBOPHBIE)

Aayapa B. 3anopoxuenko, Hukoaaii C. KameneB, Anatonuii C. Hukyaun

0OAO «Cegraseunpoeooxosy, Ilamuzopck, Poccus

skgvh@skgvh.ru, gidro@skgvh.ru

The Baddon River basin (Republic of North Ossetia — Alania,
Russia): natural and artificially triggered debris flows

Eduard V. Zaporozhchenko, Nikolay S. Kamenev, Anatoliy S. Nikulin

Sevkavgiprovodhoz Institute, Pyatigorsk, Russia
skgvh@skgvh.ru, gidro@skgvh.ru

[Tpu hopc-MakopHBIX 0OCTOATENBCTBAX B CUCTEME pabOTHI HAMOPHBIX TPYOOIPOBOAOB
u crannun 3apamarckoil 'DC-1 morpeOyercs B aBapuMilHOM peume cOpPOCHUTH BOIY H3
OacceifHa CyTOYHOTO PEryJIMPOBAaHUS B TIPaBBIA MPUTOK p. ApaoH — p. baxmon pacxomgom 65
m’/c. B ycthe p. BaloH U MO TPAKTy TPAHCIOPTA ITOrO PACXOAa PACIIOIOKEHBI OOBEKTHI H
nHppacTPyKTypa mmoc. Musyp, UCIBITABIINE KaTacTpo(udecKue BO3AeHCTBUSI HAHOCOBOTHBIX
(B 3ampIkaromeM ctBope) ceneir 1967 m 1996 TT., KOTUYIECTBEHHBIC MapaMeTpPhl KOTOPBIX
OCTaIMCh HEW3BECTHBIMH. Peka baamon ruaponormuecku He M3ydeHa. ABapwifHBINA cOpoc,
MpeBBIIAIOMUNA KpuTHueckuit (~ 30 M°/C), BBI30BET HAHOCOBOJHBII CEIIb C pacxoqioMm B ~ 85
M’/C, 4TO MEHBIIIE, YeM BO3MOXHBIE celeBbie MoTokn 0,5-1% 00eCedeHHOCTH, H0XO/IAIIHe
1o ycrbs. COCTaBIEHHBIM MPOEKT WHKEHEPHOW 3aIlWTHI, UCXOAIIMNA U3 MapaMeTpoB Cels,
BOBHHKAIOIIET0 IO ciiokuBIreiics k 2012 . mpupomHoit obcranoske (Q.=140 */c; p=1380
KI/M’) Ha y4acTKe JONMHEI p. BajuioH BhIlIe U HIDKE TOUKH cOpoca (POTHKEHHOCTEIO 10 KM),
noTpedyeT YTOYHEHHUsS] CUTyalllud B MCTOKAaX PEKH, TNl B MPEANONbAX JEJHUKOB, B CBS3U C
Jerpajauuedl  OJIEAE€HEHUsl TIOCHEIHUX  JECATWIECTHH, MOTLYT IOSBHUTBCS  HOBBIE
NOTCHIUAILHBIE OYard TPUTTEPHBIX CENEBBIX dPQPEKTOB. 3alIUTHBIE COOPYKEHUS: CENeBOM
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JIOTOK, Oepero3amiTHbie CTeHbI (y TEXHHYECKOro BO703a00pa) W raiepes Ha YdJacTKe
00pa3zoBaHUs BOTHOTO COPOCHOTO «dakemnay (Haj IOJIOTHOM aBTOJIOPOTH).

Under force-majeure circumstances in the system of pressure pipelines and the
Zaramagskaya Hydroelectric Station-1 an emergency mode water discharge with a 65 m’/s
discharge rate from the daily regulation reservoir of the right tributary of the Ardon river in
the Baddon river basin will be required. In the Baddon river estuary and along the discharge
transport channel there are buildings and infrastructure of the Mizur settlement, which
experienced catastrophic effects of sediment/water debris flows in 1967 and 1996, whose
quantitative characteristics remain unknown. The Baddon river has not been hydrologically
explored. Emergency discharge exceeding the critical level (~30 m’/s) will cause a
sediment/water debris flow with a ~85 m’/s discharge, which is less than those of possible
debris flows of a 0.5-1% probability, coming up to the estuary. The drawn-up design of
engineering protection, based on the parameters of a debris flow, occurring under the natural
conditions developed up to 2012 (Qc=140 m’/s; p=1380 kg/m’) at the 10 km long stretch in
the valley upstream and downstream from the discharge point, will require a more precise
assessment of the situation in the upper reaches of the river, where in the foregrounds of
glaciers, due to the degradation of glaciation in the last decades, new potential origination
sites of triggered debris flow effects may form. Protective works: debris flow chute, bank
protection walls (at the technical water intake structure), gallery at the location of the water
discharge “plume” (above the autoroad).

MOHI/ITOpl/IHF TPpEX NMPOPLIBOONIACHBIX JIETHHKOBLIX 03€P B Henanb-
ckux I'mmananx no JAHHBIM IMOJIEBBIX U JUCTAHINOHHbBIX 1/13MepeHm‘71

IMapap I1. Txommn', Mpagun K. Mya', Hpasun P. Mackn?, ¥ JIumayn’, Joporea
Ctymm'

1 o
MeotcOynapoousiil yeHmp UHMe2pUpoOBaAHHO20 PA38UMUs 2O0PHLIX pecuoros, Kammarnoy,
Henan
2 o«
Munucmepcmeo ynpasnenus uppueayuei Hanana, Kammanoy, Henan

3 . .
Hucmumym uccnedosanuti okpyosicaroujell cpeosl U UHICUHUPUHSA 8 XOTOOHBIX U
apuonulx pecuornax Kumatickoii akademuu nayx, Jlanvusxcoy, Kumau

sjoshi@icimod.org

Monitoring of Three Potential Dangerous Glacial Lakes in the Nepal
Himalayas Based on Field and Remotely Sensed Measurements

Sharad P. Joshi', Pradeep K. Mool', Pravin R. Maskeyz, Wu Lizong3, Dorothea Stumm'

!International Centre for Integrated Mountain Development, Kathmandu, Nepal
Ministry of Irrigation Government of Nepal, Shingha Durbar, Kathmandu, Nepal

Cold and Arid Regions Environmental and Engineering Research Institute, Chinese
Academic Science, Lanzhou, China

sjoshi@icimod.org

Glacial lakes are potential natural threats to downstream communities. In the past half
century, many lakes formed, enlarged and some of them burst out as process of glacier
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thinning and retreating as well external triggers. About 23 GLOF events were documented in
the last eighty years in Nepal, several of which have caused considerable damage and loss of
life.

Based on a glacial lake inventory and preliminary risk assessment, 21 potentially
dangerous glacial lakes have been identified for detailed regular monitoring in Nepal. Three
were selected as case studies: Thulagi, Tsho Rolpa and Imja. This paper presents the
monitoring of these lakes by remote sensing and field measurements.

Regular mapping of glacial lakes is essential for mitigating the GLOF risks. To detect
area growth, topographical maps, aerial photos, high spatial resolution multispectral images
and microwave data were used (e.g. Corona, Landsat, ALOS PRISM, AVNIR-2, Ikonos-2,
QuickBird). Fieldwork included topography, bathymetry and dGPS surveys in 1995 and 2009
for Thulagi, in 1993-94 and 2009 for Tsho Rolpa, and 1992, 1997, 2002 and 2009 for Imja.

This study shows that all three lakes formed from small supraglacial ponds since the
middle of the twentieth century, and with area growth rates of 0.0145 km’yr", 0.0115 km?yr”
and 0.0241 km’yr" and length growth of 40-47 myr”, 6-14 myr" and 40-43 myr"' per year
(~1960-2010) for Thulagi, Tsho Rolpa and Imja, respectively. The lake water levels lowered
by 0.3-0.5 myr” in Thulagi (1995-2009) and 0.3-0.4 myr" in Imja (1992-2009). Area-wise
Thulagi and Tsho Rolpa are growing gradually while Imja is growing rapidly. Comparing the
lake water volume, Thulagi and Imja have a steady growing rate while Tsho Rolpa is growing
rapidly.

In summary, the lakes with glacier contact were continuously expanding at a
considerable rate, which subsequently increased the risk for GLOFs. Also, remote sensing
measurements are effective for glacial lake monitoring. However, more field surveys are
needed, especially for moraines, topography and lake size.
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Kumtor, one of the highest gold deposits in the world, is located in the heart of Tian
Shan Mts., at the NW slope of AkShyirak massif, at an altitude 3700-4500 m above sea level.
The mine started operation in 1997. There are many glaciers in the vicinity to open-pit gold
mine and other infrastructure of Kumtor Operating Company (KOC). Open-pit mining leads
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to significant impact on glaciers. Due to dust pollution close to mine glacier surface albedo
during summer tends to decrease ca. 10%. Snouts of Lysyi and SaryTor glaciers are partially
covered by debris from pits. Middle part of Davydov glacier with total surface area more than
10 km® was eroded by open-pit; snout was covered by debris from the pit and thus advanced
more than 300 m just in 2009. Now Davydov glacier is consisted from 3 parts, separated by
the open-pit. Ice flow velocity in the upper part of glacier tends to increase to due to growth
of slope angle. Taking into account that Davydov glacier was surging the process lead to
negative consequences for open-pit operation. Technogenic rock glaciers were formed in the
slopes covered by debris from pits. In future their movement could lead to damage of
infrastructure in the area. Glaciological assessment of glacier-mine interaction is important to
prevent economic losses for KOC and mitigate ecological problems in the area.
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Velocity is an important parameter for designing debris flow control works. It is also a
fundamental aspect in debris flow dynamics research. Current methods to measure velocity
are only applicable to surface velocity or mean surge velocity. The internal velocity, which is
useful to study the rheological behavior of debris flow, is difficult to measure. We tried to
address this problem by using the relationship between velocity and kinetic pressure, as
described by surface velocity and surface kinetic pressure data. Kinetic pressure is the
difference of impact pressure and static pressure. The former is detected by force sensors
installed in the flow direction at the sampling section. Observations show that static pressure
can be computed using the formula for static water pressure by simply substituting water
density for debris flow density. We described the relationship between surface velocity and
surface kinetic pressure using data from seven laboratory flume experiments. It follows:

u :\/2pk/pc

in which py is kinetic pressure and p, is debris flow density.
Then this relationship is used to impact data detected at different vertical positions in
the sampling section, and vertical distribution of internal velocity is obtained. We fitted the

27



velocity data with four rheological models respectively, including Herschel-Bulkley model,
Bingham model, Newtonian model, and collision model. It shows that for the experimental
viscous debris flow both Herschel-Bulkley model and Bingham model are appropriate, while
Bingham model has more specific physical meaning.
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As for the present method of debris flow forecasting, the rainfall threshold based on the
statistics of debris flow events in the specified watershed has been used in this debris flow
forecasting method; however, it obviously has the defect of inadequately considering the
influence of debris flow formation conditions. So, according to the water-soil-mixture
characteristics of the debris flow in the watershed, a new model based on the debris flow
formation mechanism has been proposed for the debris flow forecasting on the watershed
scale, which can provide a new method for the debris flow forecasting based on the coupling
of the rainfall-induced unstable soil mass and the runoff by the way of introducing the limit
equilibrium method and the distributed hydrological model, respectively. The density p of the

water-soil mixture can be obtained for the quantitative expression of the interaction of the
rainfall-induced unstable soil mass and the runoff, this value can also be used for
determination of probability interval of the debris flow occurrence and based on which, the
early-warning grade of the debris flow can be given out. This debris flow forecasting method
is not only adaptable to solve the defect of defect of statistical forecasting of debris flow, but
also is able to deal with the study of debris flow formation mechanism useless in the debris
flow forecasting on the area scale (watershed scale) owing to its staying on the point scale
(single slope scale).
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