CEAEBBIE IIOTOKH:

KaTacTpodhbl, pHCK,
IIPOTHO3, 3alllHTA

Tpys
8- MexyHapoaHO# KOH(DEepEeHIIUU

Tounucu, ['py3us, 6-10 oxTs6ps 2025 T.

OTBETCTBEHHBIE PENAKTOPHI
C.C. Yepnomoper, I'.B. I'aBapnamsuim, K.C. Bucxamxkuena

00O «I'eomapkeTHHI»
Mocksa

2025



DEBRIS FLOWS:

Disasters, Risk,
Forecast, Protection

Proceedings
of the 8" International Conference

Thilisi, Georgia, 6-10 October 2025

Edited by
S.S. Chernomorets, G.V. Gavardashvili, K.S. Viskhadzhieva

Geomarketing LLC
Moscow
2025



35M3MR9d0:
39ALGHOMRB9gd0, Moo,
3Mabmbo, sE3s

39-8 LEYOMSTMOHOLM 3R M96E00L
doboengdo

0d0obo, Lodosmzgwwm, 6-10 md@mddgemo, 2025

9059GHMM00
L. L. BgObmIm®Mgs, -3 393903300, 3.U. golbox0gzs

3L ,,290560 393 0bgo"
dmb3m30
2025



YK 551.311.8
BBK 26.823
C29

CeneBble MOTOKH: KaTacTpo(bl, PUCK, MPOrHo3, 3amura. Tpymsr 8- MexayHapomHO#H
koupepenrmu  (Towmucu, Ipysust). — OtB. pen. C.C. UYepmomopern, I.B. Tasapmamsuniy,
K.C. BucxamxueBa. — Mocksa: OOO «I'eomapkeTurry», 2025. 496 c.

Debris Flows: Disasters, Risk, Forecast, Protection. Proceedings of the 8th International
Conference (Thilisi, Georgia). — Ed. by S.S. Chernomorets, G.V. Gavardashvili, K.S. Viskhadzhieva. —
Moscow: Geomarketing LLC, 2025. 496 p.

©3503MBI00:  39GVGHMMBId0, MoLIo, 3MMabmbo, ©EZs. T8 LogMmsdmeolem
306339696300l Foboggdo. dowolo, LodoMmzgmwm. — 3Jolvbolidygdguo  MgEsd@M™MmYdo
L., BgHbMIMEMYE, 3.3- 393968300, 3.b. 30Lbox0gg3s. — dmb3mgzgo: B3L ,,g9m056039E0bd0",
2025. 496 c.

OrtserctBenHbie peaakTopsl: C.C. Yeprnomoper (MI'Y umenu M.B. JlomoHocOBa),
I'.B. I'aapaamunu (MuCTUTYT BogHOTO X03siicTBa mMern LloTHe Mupiixynasa [ 'py3uHHCKOTO
texauueckoro yHusepcuteta), K.C. Bucxamkuesa (MI'Y umenun M.B. JlomoHOCOBa).

Edited by S.S. Chernomorets (M.V. Lomonosov Moscow State University), G.V. Gavardashvili
(Tsotne Mirtskhulava Institute of Water Management, Georgian Technical University),
K.S. Viskhadzhieva (M.V. Lomonosov Moscow State University).

[Tpu co3nanum noroTumia KOH(GEpEHIMN UCIONIB30BaH pUCYHOK 13 kHuru C.M. @neiinivana «CeneBbie
notoku» (Mocksa: ['eorpadrus, 1951, c. 51).

Conference logo is based on a figure from S.M. Fleishman’s book on Debris Flows (Moscow:
Geografgiz, 1951, p. 51).

ISBN 978-5-6053539-4-2

© CeneBast accoluanus
© MHCcTuTyT BOAHOTO X03stiicTBa uM. 11. Mupixymnasa
I'py3uHCKOr0o TEXHUYECKOT'0 YHUBEPCUTETA

© Debris Flow Association
© Ts. Mirtskhulava Water Management Institute
of Georgian Technical University

© 035635900l SLME0S3E0s

© Logdomm39Mb G9dbolzmeo MbogzgMlo@gdol
@3- 306EbMEs35L LabgermdOL fgocms
39®HBgMdOL 0bLEHOGWEO



CereBble NOTOKW: kKaTacTPOdbl, PUCK, NPOrHO3, 3aLuuTa
Tpyab! 8-1 koHepeHuum (Mpyaus)

Debris Flows: Disasters, Risk, Forecast, Protection
Proceedings of the 8t conference (Georgia)
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Abstract. Mathematical support for forecasting slush flows and avalanches with the help
of fuzzy analysis is considered. All types of them can be foreseen. Prediction formulae are
based on mathematical modeling of physical and mechanical processes in snow. They can
be used at any region. Effectiveness of this mathematical support is confirmed by
experimental data.
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AHHoTanus. PaccmarpuBaercssi MaTeMaTHYeCKoe obOecredeHne s MPOTHO3MPOBAHMUS
BOJIOCHEXXHBIX ITOTOKOB M CHEXHBIX JIaBUH. Bce WX THIBI MOTYT OBITH NpeICKa3aHBI.
[IporHocTHYeckne 3aBUCHMOCTH 0a3HpyIOTCS Ha pe3yiabTaTaX MaTeMaTHYecKOTro
MOJIENMPOBaHMUS (PU3UKO-MEXaHWYECKHX TIporeccoB B cHere. OHM TPUTONHBI JUIS
HCTIONB30BaHUSI B JIOOOM pernoHe. OQPQPEKTHBHOCTH 3TOTO MaTeMaTHYECKOTO
obecrieueHHs TIOATBEPIKIAETCS AKCIIEPUMEHTAILHBIMU JJAHHBIMHU.

Knroueenie cnoea: 600ocuedxnchviii nomok, 1aéuna, mamemamuyeckoe obecnevenue,
NPO2HO3, CHe2, HeYEeMKULL AHAU3
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Introduction

Planners, designers, and managers of public and industrial roads in avalanche areas often
need to decide whether or not their safety procedure with respect to avalanches is adequate, and
to choose an appropriate level of avalanche control [Schaerer, 1989]. The same problem occurs
on sites exposed slush flows. Therefore, further improvement of slush flows and avalanche
forecasting methodologies present some features of interest.

Predicting avalanches with the help of using fuzzy sets and results of mathematical
modeling of physical and mechanical processes in snow is described in [Zimin et al. 2020].
Suggested technique simulates activity of a group of experts; so, prediction formulae knowingly
have maximized semantic charge, and their efficient combination may be considered as
optimized theory of prognosis of this slope process by a collective of professionals.

Such approach permits to foresee all types of avalanches. But, forecast of slush flows is
not addressed, although they may occur in the same places. In addition, influence of situation
in origin zone on dynamic parameters of slope processes is not researched too.

This study uses the same approach for developing mathematical support for prognosis of
slush flows, determination of type of slope process (it may be avalanche or slush flow), and
calculating its dynamic parameters. Prediction formulae for avalanche risk forecast are worked
out before [Zimin et al. 2020].

Prediction formulae

Analysis of slope process risk with the help of fuzzy analysis according to [ Zimin et al.
2020] results in one of the following reports.

1. No slope process risk.

2. Snow is in instable state, slope processes having volume of up to 10% of
amount of snow in the site are possible during the next 24 h.

3. Snow is in instable state, slope processes having volume of 10—50% of amount

of snow in the site are possible during the next 24 h. Slope processes having volume of up to
10% of amount of snow in the site are possible during the next second day.

4. Slope processes having volume of 10-50% of amount of snow in the site are
expected during the next 24 h. Slope processes having volume of 10-50% of amount of snow
in the site are possible during the next second day. Slope processes having volume of up to 10
% of amount of snow in the site are possible during the next third day.

5. Slope processes having volume of more than 50% of amount of snow in the
site are expected during the next 24 h. Slope processes having volume of 10—50% of amount of
snow in the site are possible during the next second and the third days.

Therefore, such analytical prediction permits not only to estimate danger, but also to
determine volume of a slush flow or an avalanche in rough way. It is important for computing
parameters of this slope processes.

Descent of the slush flow or the avalanche is considered as motion of material point. The
slope is approximated by the angled line. Frictional coefficient depends on snow properties,
slope process parameters, and angle of gradient. It is computed by formula:

k = 0.28kgkykykmky (D
where K is the frictional coefficient at a segment of the angle line, kq is parameter taking into

account influence of angle of slope over frictional coefficient, kv is parameter making
allowance for influence of avalanche volume, K, is parameter adverting of density of snow in

470



CereBble NOTOKW: kKaTacTPOdbl, PUCK, NPOrHO3, 3aLuuTa
Tpyab! 8-1 koHepeHuum (Mpyaus)

Debris Flows: Disasters, Risk, Forecast, Protection
Proceedings of the 8t conference (Georgia)

avalanche site, km is parameter considering influence of moisture of snow, kwo is parameter
having respect to velocity starting at the first point of the segment.

Parameters kq and Kkwo are calculated in such a manner. Firstly, factors of kao and kwoo
are figured out:

kpo=1-— % arctan( 0.02a), 2)
where a is slope inclination, degrees,
Kwoo =1— %arctan( 0.6w,), 3)

where wy is velocity starting at the first point of the segment, m/s.
Then, kq and kwo are computed as

1+4+0.076 arctan(kl'm)

ke =k voo/, )

a0

14+0.069 arctan(ﬁ)

kwo = Kyyoo e, )

Other parameters are calculated like that
0,64
k,=1-— — arctan(0.00044V — 4.2), (6)
where V is slope process volume,
_ 0.68
k,=1+ Tarctan(O.OlZp -3), @)
where p is density of snow,
ke = 1+~ arctan[ 0.0144m(16.2 — m)], (8)

where m is moisture of snow in mass percentage.

In some cases, computing the frictional coefficient permits to fine-tune the forecast.
Simulation physical and mechanical processes in the snow shows that slope process risk under
o < 15° or avalanche origin zone length less than 11 m or thickness of the snow mantle less
than 0.26 m is roughly the same as such danger under increasing o to 15° (if a < 15°), increasing
avalanche origin zone length to 11 m (if avalanche origin zone length is less than 11 m),
increasing thickness of the snow mantle to 0.26 m (if thickness of the snow mantle is less than
0.26 m), as long as under these changes risk of avalanches or slush flows occurs and the
frictional coefficient is suitable to start moving. In addition, kv is computed under V being
volume of all snow in the avalanche origin zone.

If ky, > km and m > 27, the slope process is considered as a slush flow. Otherwise, it is
meant to be an avalanche.

Slope process speed decreasing in crossing area having barriers is figured out be formula

S
dw = \[2gh, L, ©)

where Aw is slope process speed changing, g is free-fall acceleration, Sp is area of barriers, S¢
is value of total area, hy, is mean height of barriers.
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If slope process speed decreases on a segment, its volume lessening is estimated as

AV =2y, (10)

Wo

where AV is slope process volume decreasing.

If slope process speed increases on a segment, its volume may greaten in the presence of
friable fragmental material consisting of particles with volume less than estimated change of
volume of the avalanche or the slush flow. It is computed in the following way:

Aw

Pa ys:
wo EVlfpa < Pw

22y fi+ fonh (222 2

Wo

AVO = > (11)

where pa is density of avalanche material, pw is density of friable fragmental material, AV, is
enlargement of slope process volume.

Discussion

Calculations performed with the help of described approach show that slush flows may
occur if inclination of the origin zone is about at least 5°. It is in good agreement with data of
[McClung et al., 2022]. Analysis also demonstrates possibility of some avalanches to have
abnormally long runout distance. It confirms by experimental data too. On multiple occasions,
such slope processes traveled unusually far [Kazakov, 2006]. For example, runout distance of
an avalanche on Sakhalin Island in April 1993 was 1300 m [Kazakov, 2006]. In addition, this
avalanche passed about 600 m, whereat inclination was 3-5° [Kazakov, 2006]. According to
calculation with the help of technique described at [Kozik, 1962] such avalanche could cover
1100 m [Kazakov, 2006].

Conclusions

Developed mathematical support permits to improve accuracy of slush flows and
avalanche. Its adequateness is confirmed by experimental data. Also, prediction formulae
enable to determine slope process type.
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