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Simulation of debris flow runout before and after construction of
mitigation measures: an example from the Swiss Alps

C. Graf, B.W. McArdell

WSL Swiss Federal Research Institute, Birmensdorf, Switzerland

MopaennpoBaHue ceieBOro NOTOKA 10 M MOCJIe CTPOUTENbCTBA
3alUMTHBIX coopyxkeHui: npumep u3 LIBeiinapckux Auabn

K. I'pa¢, b.B. Mak-Apaesa

Llsetiyapckuii pedepanvrblil UHCMUMYM UCCIE008AHUL CHe2d, Jecd U IaHOuAapmos,
Bupmencoopqg, Ilsetiyapus

HenaBHre w3MeHeHNsI B aKTHUBHOM 0Yare 3apOKICHUS CEJIEBBIX MOTOKOB OK0J0 [IpeoH-
1o, lIBefinapus, mpuBenn K HEMPEABHACHHOMY U3MEHEHHUIO CEIeBOro pycia. Pycio cra-
JIO TIPOXOIHUTH B OOXOJ CYIIECTBYIOIIETO CEJIC3AIIUTHOTO COOPYXKEHHS, B TOM YHCIC
KpyIHOTO OaccelfHa-cenexpaHmIuina. J[Be HOBBIX OTKIIOHSIOMINX AaMOBI OBLTH MOCTPOe-
HBI, YTOOBI TICpEHANIPABUTH HOBHIC CEIIM B CTApOE PYCIO M MpPEXHEE CeleXPaHIIIHIIC.
YucieHHOEe MOJICNUPOBAHIE MOXKET HCIIONB30BATHCS, YTOOBI OLECHUTH A(P(PEKTHBHOCTD
TaKuX Mep M0 yMEHbIIeHnIo ymep6a. Vcnone3ys nporpaMMHoe obecriedueHre RAMMS
(«bricTprie MaccoBsie [IBIDKEHHSD» ), KOTOPOE OMHCHIBAET CEIEBOM MOTOK C MCITOIB30Ba-
HUEM JIBYMEPHBIX YpaBHCHHUI MOTOKA W COOTHOIICHWS BOAIMHU IS CHIIBI TPEHHSI, MBI
OIMCBIBAEM XOJI MOJICITHPOBAHUS W OlCHUBAaeM 3(PPEKTHBHOCTh HOBBIX OTKJIOHSFOIINX
nmam0. CHavana MoJenb OblTa KaauOpoBaHa, HCIONB3Ysl JaHHBIC 1Mo cemo 2004 1. 3aTem
JIaMOBI OBLTH BKJIFOUEHBI B COCTaB penbeda, uermons3ys Moaens RAMMS. Hakonen, ObI-
JIO TIPOBEJCHO MOJCIUPOBAHKE C HCIOJIB30BAHUEM HOBOTO peibeda, chopMUpoBaBIIIe-
rocs nociie censt 2007 r. Pe3ynpTaThl MOKa3bIBaOT, YTO HOBBIE CEJIEOTKIOHSIONINE AaM-
OBl TOJDKHEI IITATHO (DYHKIIMOHUPOBATH JJIS Celel MPUOTU3UTEIHFHO TAKOTO JKe pa3Mepa,
Kak B 2004 r.

Recent changes in the source area of an active debris flow torrent near Preonzo, Switzer-
land, resulted in an unanticipated change in the flow path which bypassed existing miti-
gation structures, including a large debris flow retention basin. Two new debris flow de-
flection dams were built in the source area to re-direct new debris flows back into the old
channel and the old debris flow retention basin. Numerical simulation can be used to
evaluate the effectiveness of such mitigation measures. Using the RAMMS (Rapid Mass
Movements) simulation software, which describes the flow of debris using the 2D shal-
low water equations and a Voellmy relationship for the friction, we describe simulations
where we evaluate the effectiveness of the new deflection dams. First the model was
calibrated using data from an event in 2004, then the dams were incorporated into the to-
pography using the RAMMS model, and finally the model was run over the new topog-
raphy using data from an event that occurred in 2007. Results indicate that the new de-
flection dams should function as intended for debris flows of about the same size as the
event in 2004.

1 Introduction

Simulation models provide useful information on potential future events and help to
optimize the construction or performance of planned or existing mitigation measures. The
debris flows process is complex and many details are not yet fully understood. Many existing
simulation models use a single-phase approach to describe the frictional behaviour of the
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flowing debris, thereby simplifying the real mixture of water and solid material consisting of
a wide range of different grain sizes. Due to the gaps in our understanding of the process and
the variety of flow types found in nature, the results need to be checked carefully and should
be compared with existing field data. We performed post-event simulations of a debris-flow
event originating from an activated rock avalanche zone in the southern part of Switzerland,
taking into account structural measures realized after this event. Newer event data was used to
evaluate if the new structures are capable of performing as designed.

2 Field site

The Frana (slide or rock avalanche) di Roscero drains into the Riale (creek) Valegion
south of the village Preonzo, near Bellinzona in the Canton of Ticino in Switzerland (Fig. 1).
Since the mobilization of an unstable zone in the upper catchment in the late 1990’s, several
debris flows have occurred. After the disastrous debris-flow events in 2001 a new retention
basin with a capacity of 70 000 m® has been built 2002, replacing the older and smaller one
from the 1990’s. In May 2002 a new rock avalanche of about 150 000 m® occurred in the de-
bris flow source area and the new loose material, consisting of large blocks deposited in the
upper catchment, is expected to move down to the valley bottom in the form of minor debris
flows, as has been observed previously. However the large addition of new debris flow in the
source area has modified the channel network, resulting in a re-direction of the channel into
an adjacent channel, located south of the main torrent channel, which bypasses the existing
mitigation structures. Another 700 000 m® of potential debris is present in the rock-avalanche
initiation zone, and because this mass movement is actively moving, it must be accounted for
in the future. The rock avalanche site is instrumented and has been continuously observed by
the forestry service of the Canton of Ticino since 1997.

Frana di Roscero

4 uoibajen ojery

W L »

Fig. 1. Riale Valegion in Preonzo, Canton of Ticino, Switzerland. Photo by C. Graf, WSL.

In 2004 a debris flow initiated and went down the new channel, south of the Valegion.
To anticipate similar or perhaps larger damages than caused by that flow, additional structures
have been built up close to the debris flow initiation area of potential future debris flows.
These two deflection dams control the water runoff and force the channel to return to the Ri-
ale Valegion and the existing retention basin (Fig. 1). Since 2002 the WSL has operated an
automated debris-flow observation station in the Riale Valegion (similar to the stations de-
scribed by Huerlimann et al., 2003) using geophones for triggering front velocity measure-
ment, a radar sensor to measure flow depth and two video cameras for visual control. Recent
debris-flows were observed in 2004 and in 2007. Unfortunately they have bypassed the ob-
servation station until the end of 2007 because of the new flow paths south of the Riale
Valegion, described earlier.

234



Debris Flows: Disasters, Risk, Forecast, Protection

3 Simulation

RAMMS is a modelling system for natural hazards research and practice developed by
the avalanche, debris flows and rock fall unit of WSL, Switzerland (Christen et al., 2005). In
the field of natural hazards there is a strong need for process models or tools where both the
process and interaction with proposed mitigation measures can be evaluated. This software
package combines flow avalanches, debris flows, rock fall, and mitigation measures in one
tool, allowing partial evaluation of mitigation structures designed for other processes (e.g. the
functioning of avalanche protection dams for debris flows). The graphical user interface in-
corporates many GIS functions, to rapidly define the boundaries of the computational grid and
the definition of the initiation area for avalanches (RAMMS website, 2007). The module used
— RAMMS::DEBRISFLOW - works with a one-phase approach (similar to
RAMMS::AVALANCHE, Voellmy-friction) at the moment. The friction relation is fre-
quently-used, depth-averaged and describes the debris flow resistance as the sum of a dry
Coulomb-type friction (i) and a viscous resistance which varies with the square of the flow
velocity (€). A finite volume scheme is used to solve the 2D shallow water equations in gen-
eral three-dimensional terrain (e.g. Christen et al., 2005).

Fig. 2. Simulation of the 2004 debris flow event in Valegion a) without and b) with structural measures.
Flow paths and heights correspond to the observations after the event and similar deposition zones re-
sult. Events as large or even larger than the 2004 event may partially bypass the mitigation structures,
indicating that some additional construction work may be necessary.

The debris flow event in July 2004 was simulated using parameters estimated after a
field survey one day after the event. The total volume was estimated at about 10,000 m®, fron-
tal velocity in the range of 6 to 10 m/s and flow depths in the order of 2 m. Calculations were
made using a high-resolution terrain model (DTM-AV), with the starting volume estimated
from the field data. The digital terrain model (DTM) shows the topography after the 2004
event and contains all active channels, including those formed by the event. Accurate repre-
sentation of the topography in the grid is essential to obtain a reasonable replication of the
observed deposition patterns (Rickenmann et al., 2006) and flow paths. For the two friction
parameters in the Voellmy relation, no universally valid combination has been defined for
debris flows. For RAMMS, we propose to start with & =200 [m/s*] and p = 0.1 [-] (Scheuner,
2007). The coefficient & may be varied from 100 up to 400 m/s’, and p from 0.1 up to 0.3. In
the areas of the two dams the DTM was locally elevated by the heights of the structure. New
small debris-flow events in 2007 happened after construction of the two dams and followed
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the new channel, as anticipated. These events confirm the physical design of the deflection
dams; these events have also been parameterized and are used herein.

4 Results

Simulated flow paths, without taking into account structural measures, resemble the ob-
served tracks in the field (Fig. 2a). The different deposition zones could be reproduced and
flow heights as well as frontal speed reach approximately the same values as observed in the
field. After adding the two dams to the DTM, results show the designated deflection to the
north and to the original Valegion channel which includes the retention basin. Some residual
discharge to the south could be observed (Fig. 2b) and indicates that the structures could be
further optimized. The small debris-flow events in 2007 did not show any outbreak to the
south due to their small volume. To re-direct larger flows, a third deflection dam or other
measures at the initiation zone would be necessary.

5 Discussion

RAMMS is able to reproduce the observed flow paths and deposition patterns of the
2004 event. The estimated parameters derived from the field work after the event appear to be
adequate, and observed and reproduced deposition patterns are similar. The location of the
initiation zone is not exactly known and had to be optimized to generate the proper flow path
in the upper catchment. Initiation zones need to have the right geometry to match the ob-
served flow behaviour. Ideally a DTM from before an event should be used, however for
back-calculation are only rarely available. A high resolution of the topographic data on the
order of a few meters is necessary to achieve reasonable results. Potential location of struc-
tural measures could be easily derived from the flow paths simulated for the 2004 debris-flow
event. Exact dimensioning of new construction measures would be more difficult and indi-
cates the need for a detailed study at the corresponding locations. New structural measures for
hazard mitigation, such as deflection dams or retention basins, are easy to integrate in the
DTM with the user interface, providing a tool that can help to optimize the design of such
structures. It is more difficult to define dimensions and exact position of modification of these
measures from simulation results, especially because the debris flow process is only approxi-
mated by the use of single-phase friction relations such as the Voellmy relation used herein.
Depending on the resolution of the DTM, structural measures have to been implemented
somewhat larger than they are in nature to effect the desired behaviour, which has should be
accounted for in the planning of the construction measures.
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