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(a) hyperconcentrated (b) mudflow (c) debris flow (d) debris flood/ (e) ordinary flood with
flood "muddy” or "granular”  immature debris flow bedload & suspension

3 _ - Sk s e
water/fines/coarse +++ 4+ [+ H(+) ) =+ + + [ ++(+) [ +++ ++/+/ (4 +++/+ ) ++
number of phase' 1 1 lor2 2 2
dominant regime” stationary transient highly transient transient stationary
bulk flow behaviour® turbulent to viscoplastic viscoplastic viscoplastic, dilatant or  frictional-collisional turbulent,
transition frictional-collisional transition pseudo-Newtonian
deposit appearance matrix matrix (matrix) & polydisperse monodisperse monodisperse

Table 1.1 — Suggestion of phenomenological classification: sediment-laden flow process continuum. The two end-members of this classification are not
disconnected, and one can also imagine a continuity between bedload & suspended load and hyperconcentrated flood. The flows from (a) to (d) are
associated to high flow rates. (a) Draix, Alpes-de-Haute-Provence (©N. Mathys); (b) Los Angeles, California, USA, 2010 (@USGS/R. Leeper); (c) Valgaudemar,
Hautes-Alpes, 2003 (€H. Bellot); (d) Britannia Beach near Vancouver, Canada, 1991 (from Hungr, 2005, €K. Fletcher); (e) Réal, Alpes-Maritimes (©F. Liébault).

! One phase supposes that fluid and suspension behaves as a whole at macroscopic scale. Two phases means that solid and interstitial-fluid phases may move separately at
different velocities. Depending on the type of debris flow, one- or two-phase continuum models may be appropriated.

A stationary signal has local statistics - e.g. average local estimates of amplitude distribution - that are invariant over the entire duration of the signal, for instance periodic
or random signals. On the contrary, a transient signal occurs locally during the reporting period and induces change over the duration of the signal. The use of such a notion
strongly depends on the considered temporal scale. Here, the event scale is considered (about dozen minutes). The use of transient refers to intermittent flow, by surges,
which may be caused by (i) external factors - such as bank failure or jams-breakup - or (ii) factors related to flow nature - such as roll waves - (Meunier, 1994). Because
of coarse and finer grain interactions, bedload transport is also fluctuating, and the relationship between solid and water discharges is not univocal at instantaneous scale
(Recking, 2012). In this framework, bedload sheet production and migration in torrent are rather considered as the transition toward debris flood.

* The bulk flow behaviour or rheology is conditioned by the prevailing flow regimes, detailed in Ancey (2007) according to the solid fraction ¢ and the shear rate §. Pseudo-
Newtonian behaviour is governed by the interstitial fluid and occurs in hydrodynamic regime: bulk viscosity rises with increasing solid concentration. The transition between
hydrodynamic and colloidal regimes correspond to viscoplastic behaviour. At high solid concentrations, there is a significant change in bulk behaviour due to the development
of a particle network, and direct friction, lubricated contact and collisional contact may become predominant. In lubricated contact, the bulk rheological behaviour is still
governed by the interstitial fluid, for instance in "muddy" debris flow, it is viscoplastic.
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Figure 7. Indicative values of channel debris yield rate proposed by some authors. Spreafico et al. (1999): 1, channel bed: non-erodible;
channel banks: height 3—6 m; thin soil cover over bedrock: 2, channel bed: width 5 m; partial cover of sediment over bedrock; channel banks:
height 3—6 m; thin soil cover over bedrock; 3, channel bed: width 5 m; loose debris; channel banks: height 3—6 m; crodible material (scree,
moraines, landslide accumulations, debris-flow deposits): 4, channel bed: width 10 m; loose debris; channel banks: height 3—6 m; erodible
material (scree, moraines, landslide accumulations, debris-flow deposits). Hungr er al. (1984): A, channel bed: non-erodible; channel banks:
non-crodible; B, channel bed: thin cover of sediment over bedrock; channel banks: non-erodible; C, channel bed: loose debris; channel
banks: erodible material, stable; D. channel bed: loose debris; channel banks: talus, over 5 m high; erodible material, side slopes at repose:
E. channel bed: loose debris; channel banks: talus, over 20 m high: erodible material, side slopes potentially unstable. Thouret et al. (1995):
three scenarios of increasing severity in a basin with high sediment potential. Tropeano and Turconi (1999): small debris flows on talus
cones. May (2002): CC, clearcut; SG, second growth; MF, mature forest; MIX, mixed forest; RD, road related
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