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ABSTRACT

Debris-flow modelling is an essential tool in alpine hazard assessment. Due to the limitation of well-observed case study and the difficulty
to derive model parameters from independent measurements, testing and documentation of a plausible parameters space is needed. This
study carves out how the parameters must be set in the simulation software HEC-RAS to predict realistic debris flows for the study site
‘Murenbach’ (Reutte, Austria). To calibrate the parameters the event documentation of the last debris flow event in the year 1986 is used.
Within the calibration procedure, the sensitivity of the different rheological parameters and input hydrographs evaluated, and results are
compared with a Flo-2D simulation. The model parameters viscosity and yield stress show a limited impact, while the representative grain
size reveals a high sensitivity on the flow velocity of the debris flow. HEC-RAS and Flo-2D yield quite similar results and will be the basis

for simulating future scenarios.

INTRODUCTION

The application and development of simulation tools to predict the flow path and the deposition areas of debris flows are constantly evolv-
ing. In engineering practice mostly one-phase models are used. However, there is still a lack of experience in choosing the parameters of
the rheological model properly. Within this study, the HEC-RAS simulation program is used to model debris flow scenarios in a steep torrent.

The model results are then compared with the results of the simulation program Flo-2D.

The simulation of debris flows requires many simplifications. In HEC-RAS, the debris flow is a homogenous, non-Newtonian fluid with a
constant solid concentration. In reality, the debris flow neither is a homogenous fluid, nor is the solid concentration constant. Moreover, the

right chose of the input parameters is difficult. It is best to use well documented past events to calibrate these parameters.

STUDY AREA

The study site ‘Murenbach’ is located in the province of Reutte, Austria. The catchment is situated in the western part of the Northern
Limestone Alps. It is only 0,7 km? large and south-facing. The highest point is the Hornbergl with 1.755 m a.s.l. In the middle reach of the
Murenbach there are nowadays many check dams installed and a retention basin is situated on the fan.

The geology in the study area is characterized by the overthrust of the Lechtal-nappe onto the Allgidu-nappe. This tectonic stress leads to a
deformation of the highly unstable bedrock (Moser et al., 2020). In addition, there are cracks at the rocky peak of the Hornbergl and at the
mountain flank to the south-east. These conditions led to an accumulation of sediments in a steep talus. This loose sediment in the steep
talus are perfect circumstances for triggering a debris flow, when enough water is added.

The debris-flow event in the spring of 1898 is the oldest dated event in the Murenbach. Since then, further debris-flow events followed
during the 20th century. The most recent event occurred from May 2 to 4, 1986. Over a period of three days, there occurred about 24 de-
bris-flows surges. The trigger of the debris flow was heavy snowmelt and there was no significant precipitation on the previous days (Forst-
technischer Dienst fir Wildbach- und Lawinenverbauung, 1986). Around 60,000 m3 of sediment was deposited on the fan; the retention
basin was not finished to that time. About 40,000 m3 of that material was mobilized from the upper part of the catchment, the remaining

20,000 m3 was mobilized in the channel itself.

METHODS

The simulation program HEC-RAS is a globally recognized tool to model 1D and 2D flow hydraulics. The flow calculations in HEC-RAS are
conventionally based on a pure water discharge. However, in the version HEC-RAS 6.3.1 several non-Newtonian approaches are implement-
ed for modelling debris flows. The “O’Brien equation (quadratic)” is selected in this study. This approach is partially based on the Bingham
equation but considers also the effects of particle collisions and turbulence (Gibson und Sanchez, 2020).

As a first modelling step, the hydrograph of the debris flow and the parameters of the rheological model need to be defined. In this study
the documentation of the 1986 debris-flow event is used to derive the required data. Unfortunately, the current terrain in the lower reach
of the Murenbach and its fan is not the same as in 1986. Therefore, the parameters could not be calibrated using the observed deposition

boundary. Nevertheless, the following key data are important for the back-calculation and the calibration:
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e  Extremely low water content of the debris flow (20-30%)

e About 24 debris flow surges in total

e Maximum peaks of 33 m3/s with a mean flow velocity of 4 m/s in the lower trench
e Sediment deposition on the fan of about 60.000 m3

e Major break out occurred in the lower trench.

The hydrograph of each of the 24 debris flow surges is determined by a triangular hydrograph with an instantaneous short peak and a
duration of up to 5 min in a first step (scenario 0). In an additional scenario, the hydrograph of the debris flow surges is transformed into

a trapezium hydrograph (scenario 1).

The viscosity p and the yield stress T are used as free model parameters. They are calibrated by means of the documented flow velocities
and the breakout points on the fan. Finally, the representative grain size (ds) is defined with 20 mm as a fixed parameter. Its sensitivity on

the model result is assessed separately.

The Cv-value is the volumetric concentration of the debris flow. The maximum Cv-value is set to 85 %, while 61.5 % is the default. This
default value is only suitable for debris flow Cv-values smaller than about 50 %. Otherwise, the maximum Cv-value must be set larger than
the Cv-value of the debris flow (Gibson and Sanchez, 2020).

The scenario 2 is a possible future scenario with a peak debris flow surge of 33 m3/s. This scenario was additionally simulated with the
Flo-2D simulation program. Flo-2D uses a similar rheological model for debris flows as it is used in HEC-RAS. Despite, the parameters of
the rheological model had to be converted beforehand. The following equations for the yield stress T and the viscosity p are implemented

in Flo-2D, with t and p in US-units:

T = aleﬁlcv

Equation?

“ = azeﬁzcv

Equation?

RESULTS AND DISCUSSION
With the back-calculation of the 1986 debris flow event, the model setting is checked, and the parameters of the rheological model are
calibrated. Serval combinations of different values for the yield stress T and the viscosity p are tried and the most suitable ones are given

in Table 1.

parameter values HEC-RAS values Flo-2D
Volumetric Concentration (Cv) 80 % 60 %
Yield stress 1 100 Pa aq = 0.1
p1=15.35
Mixture dynamic viscosity u 10 Pa®s a; = 0.01
p1 =15.35
Representative grain size ds 20 mm
Max Cv 85 %

Table 1 : Calibrated parameters of the rheological model ‘0'Brien Equation' for debris flow simulations by means of the 1986 event documentation
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It turns out that for the current case study different values for the yield stress and the viscosity do not have a large impact on the flow velocity
in the channel (Figure 1). Also, the deposition boundary of the debris flow remains mostly the same.
We find that the flow velocity is sensitive to changes of the ds-value: the higher the ds-value, the slower the debris flow becomes. However,

it is very difficult to define a correct ds-value, because it’s physical (Gibson and Sinchez, 2020). Nevertheless, higher ds values tend to result
in bigger deposition areas.

Figure 1 : Comparison of the maximum flow velocity in a cross section, that is located in the ower trench, and for different combinations of T and .

Important to note is the fact that the hydrograph in the middle and the lower reach of the Murenbach differs severely from the inflow hy-
drograph (Figure 2): whereas the inflow peak discharge is 33 m3/s, the peak discharge in the middle reach is only about 15 m3/s without
any deposition in between; below the retention basin (lower trench) the peak discharge is even lower.

During the 1986 debris-flow event a discharge of about 33 m3/s was observed in the lower channel and the simulation should reproduce
this magnitude. Hence, the inflow hydrograph of the debris flow was modified. Instead of a triangular hydrograph, the peak discharge of
33 m3/s is set constant for two minutes (Figure 3). This trapezoidal hydrograph of the debris-flow surges (scenario 1) has the same peak
flow and the same volume as before. Another method would be to increase the inflow peak discharge of the triangular inflow hydrograph.

However, this method was not applied here. The simulated peak discharge in the middle reach for scenario 1 is still lower than the inflow,
but the difference is much smaller (Figure 3).

reconstruction of 1986 event

Figure 2 : The reconstructed hydrograph of the 1966 debris flow event with triangular shape (scenario 0). It shows the sequences of the 24 debris flow surges without the breaks in between.
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Reconstruction of 1986 event with a trapezium hydrograph
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Figure 3 : The reconstructed hydrograph of the 1986 debris flow event with a trapezium hydrograph (scenario 1). It shows the sequences of the 24 debris flows surges without the breaks

inbetween.

Figure 4 shows the HEC-RAS result of scenario 2 with a cubature solid of about 53.000 m3 and using the calibrated parameter. The figure
shows the maximum water depth in the area of the alluvial fan.

In Flo-2D, the maximum volumetric concentration of the sediment is fixed to 61,5 %. Thus, it is problematic, if the Cv-value of the debris
flow is larger than that. To overcome this model limitation, the debris flow hydrograph was modified to a Cv-value of 60 %, but the peak

flow and the debris flow volume stayed the same.
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Figure 4: Maximum flow depth of the HEC-RAS simulation of scenario 2. It shows quite shallow overflow in the middle reach of the Murenbach. Cubatur solid : about 53.000 m3 | Cv : 80

% | yield stress : 100 Pa | viscosity : 10 Pa*s

When comparing the model results of HEC-RAS with those of Flo-2D, it is noticeable that the major deposition areas is a bit smaller, and
it occurs an additional small overboarding in the lower trench. However, the major creek outburst at a bridge in the lower trench is similar
with both models.

But it is recognizable that in HEC-RAS, the debris flow partially overflows the channel in the middle reach (Figure 4). The material flows

down a forest road and the flow depth is quite shallow. This overflow is not evident with Flo-2D (Figure 5).

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 355



Murenbach
Reutte/Tyrol

Flo-2d result

Legend

maximum of water depth

D <02m

| |o02tm-070m
0.71m-1.0m
B tom-20m
Bl 2om-40m

0 100 200 m

I

Orthofoto: Land Tirol

Figure 5 : Maximum flow depth of scenario 2, simulated with Flo-ZD. There is no overflow in the middel reach. Input : Cubatur solid : about 53.000 m3 | Cv : 60 % | yield stress : alphal =
0.1, betal = 15.35 | viscosity : alphaZ = 0.01, betaZ = 5.35

CONCLUSIONS

It is quite difficult to define the parameters for simulating debris flows. Calibrating the parameters with past events is essential. In this case
study, the variation of different values of viscosity and yield stress do not have that big impact in that case for the HEC-RAS model. In con-
trast, the ds-value is quite sensitive.

For future research, it is important to look how the debris-flow hydrograph evolves along the flow path. The hydrographs with short peaks
reveal a strong flow attenuation (damping).

The simulation programs HEC-RAS and Flo-2D are a bit different to use, but the major creek outburst at a bridge in the lower trench is similar

with both models. One challenge of Flo-2D is that it will be problematic if the Cv-value is > 61,5 %.
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