
OPTIMIZED DESIGN OF A WOODY DEBRIS FILTER STRUCTURE AT THE 
FERCHENBACHE31

ABSTRACT
On June 12, 2018, heavy rainfall led to a flood on the Partnach, Garmisch Partenkirchen, which carried around 1000 m³ of woody debris 

and caused extensive damage. This woody debris came from numerous landslides in the Ferchenbach catchment. As a structural protection 

measure, a bag rake was designed in the area where the Ferchenbach flows into the Partnach. In order to optimize this measure, model 

tests were carried out on a scale of 1:30. The discharge, the rake shape, the spacing between the rake elements and the inlet conditions 

were varied. The J-shaped bag rake with a rake spacing of 2 meters can be proposed as the optimum variant, which can filter out over 90 

percent of the incoming coarse woody debris.

INTRODUCTION
The Ferchenbach is located in the Wetterstein Mountain Range in the southern part of Bavaria (municipality of Garmisch-Partenkirchen) 

and is a tributary of the Partnach. The junction with the Partnach lies at 795 m asl just before the beginning of the famous Partnach gorge 

(Figure 1). The catchment area of the Ferchenbach is 35.4 km² and borders Austria in the south.

The unstable geological condition favors the triggering of landslides in the Ferchenbach catchment. The lower reach of the Ferchenbach, 

which runs from the east to the west, divides the geological units in the study area: The Partnach Strata, located on the northern side, 

consist mainly of marl, fine-grained clay shales and clays, the Raibler Strata on the southern side, consist of marl, Raibler clays and Raibler 

limestones. Both units are slaking rocks with a high tendency to erosion and landslides. During the last flood on June 12th, 2018 landslides 

from this area (Figure 1, yellow area) not only contributed to the bed load but also delivered about 1000 m³ of large woody debris to the 

Partnach. Most of this large woody debris was able to pass the Partnach gorge and caused a blockage of a weir downstream of the gorge, 

which subsequently led to damage in the settlement area.

Figure 1:	 Ferchenbach catchment area

METHODS
Different types of filtering structures and locations were discussed, finally the decision was made in favor of a “bag rake” (Sackrechen) near 

the junction of Ferchenbach to the Partnach. This bag rake was quite often used in former times to collect the logs during the wood drifting 

process. A physical model was built and tests were carried out at the Institute of Mountain Risk Engineering (BOKU Vienna) on behalf of 

the WWA Weilheim in order to optimize the design of this type of construction and to assess its drift wood catching effectiveness (Hübl et 

al. 2023).
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Based on a DTM with a ground resolution of 0.1 m, the reach from the mouth of the Ferchenbach into the Partnach up to around 1 km 

upstream was constructed as a physical model on a scale of 1:30.

The selected location offers a lot of space and therefore few restrictions for the design of the woody debris filter structure exists. The lon-

gitudinal channel gradient was set to 2.5% along this section. The required cross-section for the main channel was designed for specified 

discharges (Table 1).

Table 1:	 Estimated peak discharges

The disadvantage of the rake designs usually applied is that the filter effect massively restricts the discharge area. The technical solution for 

a woody debris filter structure at this site should have the following characteristics (Hübl et al., 2019):

•	 The least possible impact on the landscape

•	 No interruption of the watercourse continuum

•	 Start of the filtering effect already during frequent floods

•	 Available woody debris deposition volume of at least 1000 m³

•	 Low construction height

•	 Low concrete cubature

•	 Mass balancing on site

•	 Clearability already during the event

•	 Damage-free discharge of the design flood

•	 No damage of the structure in case of overload (extreme flood)

By dividing the potential retention area into an unaffected main channel and a woody debris deposition area, the discharge should not be 

significantly influenced, so that the height of the structure can be kept low. The runoff should be divided into the main channel and the dep-

osition area from an HQ5 onwards. Different variants were tested for the shape of the bag rake. These were designated as J, G and S-shaped 

rakes. In addition to these shapes, the spacing between the bars was also varied and different forms of inlet ramps into the deposition area 

were tested. The planned structure (Figure 2) is located on the left bank, which should promote the inflow into the woody debris deposition 

area. A return basin is located downstream of the filter, which redirects the filtered water to the main channel of the Ferchenbach. Ideal 

operation is achieved when the desired filtration prevails and there is no clogging tendency in the inlet area. Blockages have a very high 

potential for damage, which must be reduced to a minimum in accordance with the technical framework conditions.

Figure 2:	 Sketch of the bag rake (view upstream)

 Real scale 1:1 Model scale 1:30 

Scenario discharge [m³/s] discharge [l/s] 

HQ5 30 6.1 

HQ10 38 7.7 

HQ100 63 12.8 

BHQ (design flood) 73 14.8 

HQextreme 95 19.3 

HQ1000 102 20.7 
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Logs with a length of 7.20 (long), 4.50 (medium) and 2 (small) meters, respectively on a natural scale were added as coarse woody debris. 

The total woody debris load corresponds with the estimated load of approximately 1000 m³ during the design flood. This load was adjusted 

to the respective flood events.

Filter arrangements variations:

•	 Varying bar spacing measured between the centers of the rake bars (2 m, 3 m and 4 m)

•	 Varying rake shapes ( J-shape, G-shape, S-shape)

•	 Varying inlet ramp designs (ramp 1-9)

Evaluation criteria for the different variants:

•	 Assessment of the woody debris jam in the main channel

•	 Assessment of the filter effect within the bag rake

•	 Clogging potential of the filter arrangement

•	 Consistent functionality with varying discharges

•	 Filter effect of the bag rake with bedload

•	 Maintenance effort during operation in reality

•	 Bank overtopping during the HQ extreme 

•	 Flow direction in the area of the inlet ramp

RESULTS AND DISCUSSION
A total of 90 model tests were carried out. The rake shape (Figure 3), the spacing of the rake bars and the shape of the ramp were investi-

gated for different discharges (HQ10, design flood BHQ, HQextreme). The tests were repeated three times with the same test arrangement 

for the relevant settings.

Figure 3:	 Rake shapes for the experiments from left to right: G-shape, S-shape, J-shape

The analysis of the experiments showed that the J-shape of the bag rake with a bar spacing of 2 meters achieved the greatest filter effect. 

To avoid a blockage at the upstream end of the rake and to optimize the inflow conditions into the deposition area a ramp, set back into 

the deposition area, with a gradient of 1:1 was selected. Even with a bar spacing of 4 meters the J-shaped rake showed a very good woody 

debris filtering effectiveness (Figure 4).

The results show that a bar spacing of 2 meters filters more than 98 % of the logs with a length of 4.50 (M) and 7.20 m (L), respectively. This 

effectiveness reduces the downstream damage potential of a flood with coarse woody debris significantly. Even logs of small dimension (S, 

2 m), only 17 percent can pass through the structure. This amount is quite good, considering that the damage potential of these small logs 

is significantly lower. If you look at the design with a 4 m spacing, you can see that the relative passage of the logs is a higher, especially 

for the small logs, but on average around 15% of the larger dimensions are also retained.
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Figure 4:	 Relative passage of logs with different lengths during a design flood with the J-shaped rake

If designed correctly, the filtered woody debris is deposited in the deposition area during the flood and therefore has no more influence 

on the discharge in the main channel.

The experiments, in which additional bedload was added, showed that the sediments are deposited in the area of reduced flow velocity. 

These areas are found in the main channel near the diversion into the deposition area (Figure 5). Long-term tests with sediment have shown 

that the material deposited in the main channel mobilizes again with reduced bedload delivery and therefore no negative consequences 

are to be expected.

Figure 5:	 Result of an experiment with woody debris and bedload
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CONCLUSIONS
The series of tests carried out clearly underline the optimization potential of combined transverse and longitudinal structures for woody 

debris filters. Choosing the right shape of the rake is very important for the subsequent mode of operation. Attention must also be paid to 

the design of the inlet ramp, as this influences the flow condition and thus the diversion of the discharge, the bedload transport and the 

clogging with woody debris. The J-shaped rake does not influence the flow conditions as much as the S-shaped or G-shaped rakes, hence 

the potential for a blockage of the main channel is less. The effectiveness of this type of structure is highly variable and can therefore be 

easily adapted to the respective requirements. The smallest bar spacing of 2 meters ensures an effectiveness of more than 90% on average 

across all log ranges when correctly designed. If those filter amounts are not necessary the bar spacing can be chosen different to reduce 

the filter amount. However, if it is an addition to an already protected area, it is possible to increase the bar spacing and accept a certain 

amount of woody debris passage.
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