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Highlights 
• Infiltration in swales works significantly good after longterm operation. 
• Topsoil layers reduce the pollution load from runoff, measured from exfiltration water. 
• Trees likes to grow in infiltration swales! 

 

Introduction 
Decentralized rainwater management in combination with vegetation in the form of troughs, trough 
trenches and deep bed trenches has found its way into the relevant regulations and legal regulations for 
land and city drainage through various research projects for over twenty years. While the explanations and 
practical tips on planning, dimensioning and construction of the systems have reached a high level of detail, 
the instructions for operation, maintenance and, above all, long-term behaviour of the systems are limited 
to just a few recommendations with very little experience and a scientific background. 
In order to promote and secure the use of decentralized systems, the LEIREV research project (performance 
and condition of decentralized rainwater infiltration systems operated for many years) was carried out with 
funding from the state of North Rhine-Westphalia from 2014-2016. This served to achieve better planning 
security and should also explore extended areas of application with other types of vegetation in the future. 
In addition, currently in another project, KONVERt (2017-2019), leachate tests were carried out, which 
provide further results on the quality of the leachate after the upper soil passage.  
Both projects were funded and accompanied by the Ministry of Climate Protection, Environment, 
Agriculture, Nature and Consumer Protection of the State of North Rhine-Westphalia. 
 

Methodology 
A comprehensive operational, hydraulic and material check of 50 decentralized infiltration troughs with a 
term of> 10 years was carried out. The results show deficits, the cause of which often lies in insufficiently 
differentiated planning. These are often the cause of operational undesirable developments and damage 
patterns. 
Table 1. Infiltration plant selection and numbers in North Rhine-Westphalia and others in Germany  

 

Samples 

 

 

North Rhine 

Westphalia 

 

Others in Germany 

 

 

∑ 

 

Plants total 

 

33 

 

17 

 

50 

 

There of intensive Sampling and 

Testing 

 

 

20 (43) 

 

 

8 (14) 

 

 

28 

 
The operational efficiency is given in the vast majority of the plants, despite deficits in maintenance and 
care. For systems with approx. twenty years of operation are partly Measures to maintain or restore 
performance. Expiring water law permits offer the water authorities the ability to request and implement 
appropriate measures on the operator side. 
The hydraulic performance of the infiltration systems examined generally corresponds to still the 
requirements of DWA A-138. Despite the long downtimes, there were only a few deviations. 
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Figure 1: Measurement of the hydraulic conductivity with double ring infiltrometers (left) and flooding tests (center), hydraulic 

conductivity of the trough upper soil layers. The results are based on measurements with the double ring infiltrometer and cylinder 
samples. Results from flooding are only available for sandy infiltration plants (Sand_1) (right) 

 
 

Results and discussion 
Most of the plants were in good condition. Some of the slopes grew up in the banquet area of the street 
due to poor maintenance. In others, vegetation training is reduced due to the location on sandy soils. In 
one case, the trough was largely overgrown due to lack of maintenance with bushes and trees, which so far 
has not affected the hydraulic function but made access and maintenance more difficult. 

 
Figure 2: Inflow gutter and swale inflow with sedinments (left) and inflow pipe clogged (right) 

 
Infiltration test were made for swale with trees which were planted in swales 20 years ago. Intention was 
to observe and investigate the current infiltration capacity. It was found that the infiltration capacity is 
comparable to grassed and it can be concluded that the trees are not induction preferential pathways. 
Furthermore, it is obvious that trees which have better access to infiltrated water are having a much better 
vitality and are growing much better with bigger and more colourful leaves than trees with less access to 
surface water. 
 

  
Figure 3. Trees, planted more than 20 years ago, in infiltration swales, and outside (right trees in right figure)  
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The material load, on the other hand, differs. In many plants the contents of the heavy metals Cd, Pb, Cu, 
Zn and PAK are below the precautionary values of the German Soil Protection regulation, but some of them 
are significantly exceeded. 
It was also observed that the levels are highest in the upper soil zones. This applies in particular to zinc 
from roof drain pipes. The leachate measurements provide information about the mobilisation. Results 
show that the concentration in the leachate is below the test values of the Federal Soil Protection Values. 

 
Figure 4. Statistical evaluation of metal concentrations in investigated swale samples in different depth and usage categories 

 

Conclusions and future work 
As part of the project, a comprehensive operational, hydraulic and material check of decentralized 
infiltration troughs with a term of> 10 years was carried out. The results show deficits, the cause of which 
often lies in insufficiently differentiated planning.  
The hydraulic performance continues to meet the requirements of DWA A-138. The pollutant load, on the 
other hand, is differing, increased pollutant levels often occur with selective areas and inflows; in some 
cases, however, this can also be attributed to improper installation or a lack of overburden on pre-loaded 
substrates / upper soil layers. Metal roof parts can also show high concentration in the runoff and upper 
soil levels. Modelling the flow of metals in soil is difficult due to variability of soils and parameters. 
Planting trees in swales or close to swales can improve growth of trees and helps for climate adaption in 
cities and municipalities. This supports the worldwide approach of combining trees in cities with storm 
water management. 
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