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About the presentation.

 Introduction to the May 2018 extreme event.

 Analysis of the May 2018 event.

 Modelling of the May 2018 event.

 Mitigation measures planned.

 Conclusions – lesson learned.



Study area in N Slovenia.
 Two small & steep torrential watersheds 

located below the Krvavec ski resort in N 
Slovenia were studied.

 In this watersheds several events (either 
hyperconcentrated floods with intense 
sediment transport or debris floods) 
occurred in the last 30 years: in 1990, 
1991, 1994, 1995, 1996, 2007, and 2014.

 The last event presented here happened 
in May 2018 during a short but strong 
thunderstorm.



Consequences of the May 2018 event.
 The extreme rainfall event caused intense 

erosion processes that lead to a debris flood. 

 The main source of the material was the 
Brezovški graben where in the upper part there 
is still a lot of potential material located in or 
near the channel for future extreme events.

 In the lower part of the torrent, the slope is 
relatively high (~ 0.4 m/m) and not much of 
deposition occurred in this area. 

 Most of the material from the Brezovški graben 
was deposited near the Cable car station 
where the maximum deposition height was up 
to 3–4 m. 

 The volume of the deposited debris material 
was estimated at 7,000 – 10,000 m3.



Rainfall analysis of the May 2018 event.

 Two rainfall radars & pluviograph & 
optical disdrometer.

 Several studies have indicated that 
optical disdrometers tend to
overestimate the drop velocities, 
which also affects the calculated 
rainfall amount.

 30-min rainfall with return period of 50-
100 years (pluviograph) resp. > 250 
years (optical disdrometer).



Geological & hydrological analysis.

 A geological survey was done.

 In the deposited sediment, coarse-grained carbonate 
gravel prevails, clay and silt is not present in significant 
quantities.

 The HEC-HMS model was applied (CN = 68) & SCS unit 
hydrographs computed.

 For debris-flood simulations, a hydrograph with 
parameters: Qpeak = 32 m3/s & V = 48,000 m3 was used.



Debris-flood modelling.
 RAMMS-DF model was applied 

and calibrated using the 
extent of the deposition area.

 The calibrated set of model 
parameters: 
Brezovški graben: 

stop parameter = 10%,            
μ = 0.13, ξ = 400 m/s2

Lukanjski graben: 
stop parameter = 10%,            
μ = 0.2, ξ = 900 m/s2

 The same set of calibrated 
parameters was obtained if 
the release area was made 
flexible.



Mitigation measures 1.

 Using empirical equations (Takei (1984), Ceriani et al. (2000) and Marchi
& D‘Agostino (2004)) estimated debris-flow volumes were estimated: 
20,000 - 22,500 m3 for the Brezovški graben and 15,000 – 23,500 m3 for 
the Lukanjski graben.

 BASEGRAIN software was used to estimate grain-size distribution of debris 
material, yielding Dmax = 40 cm.

 A a check dam (slit dam) is planned to be constructed at the 
confluence of the Brezovški graben and the Lukenjski graben torrents.

 In both torrents a series of flexible net barriers are planned to catch 
inflowing debris.



Mitigation measures 2.



Conclusions.

 The simulations using the RAMMS-DF model that was calibrated using the 
information about the deposition area yielded meaningful results that validate 
the empirical approach used for the slit dam stability design.

 Even though the RAMMS-DF model is meant for debris-flow modelling, it was 
successfully applied for debris-flood modelling.

 A slit dam was designed to withstand debris-flow impact and trap sediments 
transported during future extreme events similar to the one of May 2018.

 The planned mitigation measures will start being executed as we speak.

 After that, the Krvavec ski-lift station will be adequately protected. 



More info
Bezak N, Jež J, Sodnik J, Jemec Auflič M, Mikoš M (2020) An extreme May 2018 debris 

flood case study in northern Slovenia: analysis, modelling, and mitigation. 
Landslides 17:2373–2383, https://doi.org/10.1007/s10346-019-01325-1.

Thank You for Your Attention.
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