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Abstract


The first part of the paper gives an overview about the state of the German urban water management, the division of responsibilities and tasks, and present problems which have to be solved. Some statistics about the standards of water disposal and supply are presented. Some critical notes concerning shortcomings in organisation and technical performances are included.


In the second part a specific concept for dealing with storm water runoff in urban areas on-site is presented. This concept called   “Trough-Infiltration -Trench-System” (in German: “Mulden-Rigolen-System”) is going to spread in Germany as an alternative to conventional, combined or separate, sewer systems.





1. Introduction


Urban water management includes all the aspects of fresh water supply and – on the contrary – the disposal and management of sewage and storm water within urban areas. In the following first part of the paper, the organisation of urban water management in Germany will be described as far as  the responsible authorities, the division of tasks and some shortcomings within the administration are concerned. In comparison with the water supply aspects and the disposal aspects, the first-mentioned aspects can be considered to be predominantly in a fixed stage while a lot of the latter aspects are under discussion at present in Germany. So the specific topics in the second part of this paper concentrate on the disposal of sewage and storm water only. 





2. Organisation of Urban Water Management in Germany


2.1 Authorities


In Germany, legislative sovereignty concerning water in general and urban water aspects in particular is shared between the federal legislation and the legislation of the 15 different states of the Federal Republic. The federal legislation enacts frame laws or decrees and the states create their state laws or state decrees taking into account the frame laws or frame decrees. The federal basis frame law concerning water aspects is the  ”Wasser-Haushalt-Gesetz” (WHG). Consequently all the states have their own state law concerning water, the  “Landes-Wasser-Gesetz”. The laws of the individual states are quite similar but they also differ in a few points.


An example of such differences and their effects will be shown later in the specific topics. 


Laws and decrees are performed and supervised on behalf of the states by different authorities. The “Lower Water Authority” is established on the level of districts (in German: “Kreise”) and there it is often combined with the Environmental Protection Authority.The “Superior Water Authority” is either established on an intermediate level between the districts and the regional administration, called in German: “Bezirksregierung”, or it is directly assigned to a state institution (“Landesamt für Wasserwirtschaft”) or to the state government itself (in case of city states like Berlin, Hamburg and Bremen). Most states have (or had) additional institutions called in German: “Wasserwirtschaftsämter” (regional water management authorities)  on the level of the Superior Water Authority. These institutions have no legislative rights concerning performance and supervision of laws and decrees but they have the task to support and to advise the authorities mentioned above in technical and planning aspects of water management.  At present, however, the state governments politically tend to dissolve the water management authorities in order to save public expenditure. Some of the states (for instance Baden-Württemberg) have just put this into practice recently.


As far as urban water management is concerned, mostly the “Subordinate Water Authorities” are responsible for controlling the application of laws and decrees and for controlling the performance of water management measures. For instance, they check applications or requests for introduction of combined sewer overflows (CSO`s) into receiving waters. In case of more important items the Superior Water Authority will also be involved. 


There is a shortcoming within the organisation of water authorities in Germany.


In brief, the situation is as follows:


The a.m. water authorities are responsible for areas within political boundaries, but not for catchment areas of rivers or creeks or  groundwater catchments as it would be desirable. Water management strategies and measures do not only affect  the immediate vicinity but always the whole catchment as well, at least the downstream area of the certain area or point considered. In Germany there is a lack of authorities which are responsible for catchment areas extended over two or more district areas or even areas of two or more states. This lack becomes evident in the draft of the new “European Water Framework Directive” which requires an integrated consideration of the entire catchment. 











2.2	Performance of urban water management


In Germany, the planning, construction and maintenance of structures with disposal aspects in urban water management including operation tasks are traditionally performed by local institutions owned by municipalities. In highly urbanised regions like the Ruhr-District or the Emscher-Region, associations of municipalities were established to perform joint tasks like the construction of main sewers and treatment plants. But also in these cases the single communities are responsible for construction and maintenance of their inside sewer systems. For financial and fiscal reasons, many communities are planning to transfer the local disposal administration partly or fully into a state of ownership, which is more or less economically independent. Some communities have already taken this step recently. 


In contrast to the water disposal sector of urban water management, the water supply sector is predominantly performed by non-local companies or associations. Often there is a great distance between the source-area and the supply-area, which are connected by long distance pipes. Examples are the remote supply systems between lake Konstanz and the city of Stuttgart or the system between the Harz mountains and the city of Bremen. Most of the companies are economically independent of the municipalities they are supplying and there is a tendency between water supply associations to amalgamate.





3.  Present State of Urban Water Management in Germany


3.1	 Wastewater and storm water disposal (1symbol 125 \f "Symbol" \s 12


In 1995, 92.2 % of the inhabitants in Germany were connected to public wastewater disposal systems, with a difference between the states of the former FRG (95 %) and the former GDR (77%). The whole length of the sewers is about 400.000 km. 213.000 km of the whole length are combined sewers for disposal of wastewater and storm water(53 %), 110.000 km are sewers for wastewater only and about 77.000 km are separated sewers for storm water. In comparison with the statistics of 1991, the portion of the separate system is increasing in Germany. The age of the sewers is quite different: 33 % are younger than 25 years, 36 % are between 25 and 5o years old,  11 %  are between 50 and 75 years old and 20 % are older than 75 years (4 % even older than 100  years). 


The portion of inhabitants connected to treatment plants amounted to 88,6 % in 1995. 84,4 % of the people were connected to biological treatment plants. The number of treatment plants was 10.300 in 1995. About 3.800 of them were equipped with nutrient disposal. The quantity of sewage treated at the plants amounted in 1995 up to 10.000 million m3, but only 50 % of that was wastewater, the other 50 % consist of storm water or groundwater discharge. The quantity of sewage is decreasing because of the decreasing consumption of drinking water from 145 l per person and day in 1990 to 132 l in 1995. Reasons for the decrease are mainly the implementation of modern techniques and a changing behaviour of the consumers. 


The quantity of sludge output of treatment plants amounted in 1995 to 23 million m3. 40-50 % of that quantity was disposed agriculturally. The portion of sludge disposed by burning processes is increasing to up to 20 % in Germany.


In 1998, more than 11 billion DM were invested in water disposal purposes. About 50 % of that amount was spent on  sewer networks. 


There are two kinds of fees for water disposal in Germany: The first more traditional way is to pay for the consumption of freshwater. Its average rate for waste water disposal including the costs for storm water drainage was 4,84 DM per m3 received freshwater in 1998. The other way is to split the rate into one part for waste water and another part for storm water drainage. The first part is also in future merely related to the consumption of freshwater, the second part is related to the impervious area connected to the sewer system. The average rate of the latter amounted to 1,60 DM per m2 and year in 1997. The application of the splitting rate is increasing in Germany. At present it is introduced for about 40 % of the people, mainly in big cities. 


One reason for splitting the water disposal rate is to take into account that the ratio of wastewater discharge and storm water runoff differs often significantly from site to site. For instance the site of a super market has a relatively low discharge of wastewater but a very high rainfall runoff resulting from the roof and the parking lot, causing high costs for storm water drainage. A freshwater- related rate would not take into account these real costs. In contrast, the site of a residential  building with for instance 10 floors has a high rate of wastewater discharge but a relatively small rate of rainfall runoff, causing relatively small costs for storm water drainage. A rate only related to freshwater would totally disregard this essential aspect and would therefore be unjust.


Another reason for introducing a splitting rate is given by the idea of modern urban water management to reduce the rainfall runoff at the source. If people see how much they have to pay for storm water drainage, they are more motivated not only to avoid additional runoff but they are possibly ready to help reduce the existing runoff. This idea will be investigated later in the chapter  “Specific Topic”.





3.2	 Present problems and tasks concerning water disposal 


As mentioned above, the degree of connection to sewer systems and the equipment with biological treatment plants in general and arrangements for removal of nutrients in particular has achieved a high standard in Germany. Nevertheless, there are a lot of problems to be solved concerning water disposal aspects. A great deal of the sewer systems, especially those constructed just after the second world war, have to be rehabilitated because of corrosion damages. Furthermore, the requirements for protection against floods within the urban areas are increasingly caused by basic decisions of the high court in Germany. The former rule that urban storm drainage systems are to be developped in accordance with a statístically given design storm of a certain duration and a recurrence interval of 1 year is no longer tolerated in general. One has to prove that the area is being protected against flooding with a certain recurrence interval of “more than 1 year”. 


Another important problem concerns the necessity to reduce the impacts of overflows of combined sewer systems on receiving waters. The standards of overflow limitation differ from state to state within Germany: Some states prescribe that yearly no more than 250 kg COD per ha impervious area are allowed to be emitted. In North Rhine-Westphalia the standard runs as follows: “(100-eo)% of the yearly rainfall runoff has to be discharged to the treatment plant” where “eo” is that portion of the yearly rainfall runoff, which results from application of the ATV-rule A 128, related to the overflow problem. So indirectly the ATV-rule describes the standard of limitation. This rule is also introduced in Bavaria, Baden-Württemberg and others. 


The ATV-rule is also based on the standard limitation that no more than 250 kg COD per year and ha are permitted to be emitted. This value is however hidden within a procedure for dimensioning of detention volume, which has to be proved for the whole catchment of the sewer system. So the proof of a certain detention volume is the real standard requirement for overflow limitation within ATV-rule A 128. The proof may include backwater volume within the sewer system but mostly the proof refers to the volume of detention tanks to be constructed, located at the points of overflows. 


The specific volumes of detention tanks derived from the ATV-rule have mostly a size of 15 to 40 m3 per ha impervious area. Such detention tanks have the effect that about 65 % of the yearly rainfall runoff will be kept in the sewer system and discharged to the treatment plant. In other words: 35 % of the yearly rainfall runoff mixed with dry weather sewage are allowed to be emitted. The number of overflow events left amounts to 30-50 per year.


It is estimated that about 10.000 detention tanks of different size have been constructed during the last 20 years. With estimated costs of 1 million DM for the tanks each the investment for all amounts to 10 billion DM. Further 5-10 billion are estimated to be still necessary in the future.


The ATV-rule and its narrow-minded recommendation of detention measures only is under critical discussion at present in Germany. Alternatives like soil filter measures or mitigation of overflows by disconnecting a certain part of the rainfall runoff from the sewer system and managing that runoff by on-site measures (see chapter “Specific Topic”) have been suggested. Critical notes are also referred to the standards of limitation at all. An emission of 35 % of yearly rainfall runoff mixed with dry weather sewage and 30-50 combined sewer overflow events per year is considered to be improvable. Furthermore the relationship between the effects of increasing discharge to the treatment plant by detention measures and the increasing emission load of the treatment plant has to be taken into account. 


A more general problem lies in the task to consider urban water disposal as a part of an integrated water balance procedure within the catchment of the receiving water where the urban area belongs to. It is true that urban water disposal measures are mostly planned and performed without respect to the hydrological behaviour of the natural catchment concerning floods, base flow, groundwater renewal and especially concerning quality aspects. New methods and techniques like geographical information systems and simulation procedures will help in the future to make further progress in this field.





3.3 Water supply aspects (2symbol 125 \f "Symbol" \s 12


About 99 % of the German people are connected to the public water supply system. The water works use mostly groundwater (65 %), but also surface water (28 %) and fountains (7 %). In 1998 about 5,4 billion m3 drinking water have been gained. Germany is comparably rich in water. Only 3,5 % of the available water resources are used for water supply purposes. 


In 1998, the water works invested 5,34 billion DM and from 1990 to 1998 altogether 46 billion DM, mainly within the scope of networks (about 63 %). 


Water consumption has been decreasing in Germany for years: from 145 l per day and person in 1990 to 132 l in 1995 to finally 127 l in 1998. This is the lowest value in Europe together with Belgium and the same value as twenty years ago. Reasons for the decrease are mainly the implementation of modern techniques and a changing behaviour of the consumers. The latter is mainly caused by the increase of water price during the last years. The average price for 1 m3 amounted to 3,20 DM in 1998 but there are great differences depending on the distances between source area and consumers, depending on the quality of the gained water and the costs related  to the processing of water etc. 


Depending on the state-laws water works have to pay a water-fee to the state and sometimes also a  “compensation-fee” to the farmers who have their arable lands within the source area and do without  fertilizer.





4. Specific Topic: On-site storm water management as an alternative to conventional sewer systems: a new concept spreading in Germany (3symbol 125 \f "Symbol" \s 12


4.1 Introduction	


In the past, urban water management focused on storm water drainage from urban areas by the principle to be as fast and effective as possible. According to the combined and separated sewer principles, the sewer systems are designed to discharge all the rain water up to the agreed limit without causing damage. This undoubtedly led to a high drainage efficiency which must continue to act as a standard in developed countries in the future. However it has now been realized that the drastic discharge of rainwater results in significant ecological damage not only in urban areas but also in the receiving waters. The detrimental effects mainly concern the  reduction of natural groundwater recharge, the increase of floods and the considerable pollution of the receiving waters, the latter especially by combined sewer overflows. Since these disadvantages lead to high costs for subsequent remedial measures (flood control reservoirs, CSO-tanks, etc.), widely applicable alternatives are needed. This paper aims to introduce such an overall applicable alternative - the "concept of the decentralized storm water management". With respect to its technical implementation, the German term "Mulden-Rigolen-System" (MR-System) has prevailed which may be called „Trough-Infiltration Trench System“ in English. This paper first introduces the basic principles of the concept, followed by a description of technical details and a discussion of critical notes. Finally, selected case studies are described.





Basic Principles of the Concept


The MR-System combines three elementary engineering techniques to manage rainfall runoff : infiltration, storage and draining by sewers, following the principles:


Infiltration as much as possible, depending on the permeability of the soil und the infiltration area available


Storage as far as nessesary, to support and to prolong infiltration processes


Draining by throttled sewers as final means to ensure the drainage standard demanded


A further principle of the concept is to decentralize the measures in a most applicable way in order to spread groundwater recharge as far as possible and to minimize the costs of the sewer system. That means that measures have to be located near the impervious elements of roofs, parking lots, roads etc. 


Another basic requirement is that infiltration has to take place through the active upper soil layer, which is covered with grass or another suitable vegetation. In this way storm water quality is enhanced by partial removal of solids (with adsorbed chemicals) and dissolved chemicals. 


The general aim of the concept is to bring the equation of water balance of urban areas closer to its conditions of the state before the development of the areas.


�
4.3 	Description of the standard element.


�Fig. 1. and fig. 2 show exemplarily a cross-section and a longitudinal section of a standard element of the system.























�Fig. 1: Cross Section of the M-R-Elememt


























Fig. 2: Longitudinal Section of the M-R-Element


�
The storm water runoff is discharged into the shallow, grassed trough by gutters etc. along the surface in order to avoid deep troughs (which would be the case using underground feed pipes). The depth should be no more than 0.3 m. The minimum permeability value of the active soil layer has to be kf = 10-5 m/s  to ensure that the infiltration process will be finished about 3 hours after the end of rainfall events. According to the experience in Germany the storage volume of the trough can be estimated by assuming a runoff of 20 mm from the connected impervious area. The banks of the troughs should have a slope of about 1:3 on behalf of maintenance.


The infiltration trench under the trough is designed as a conventional underground infiltration trench, formed by an prismatic body of highly porous materials, such as gravel or lava granules, wrapped in a permeable geotextile. This trench provides long-term storage of stormwater, as opposed to the short-term storage in the trough. During typical events, the trench is fed by infiltration through the bottom of the trough only, but in case of heavy rainfalls, troughs may directly overflow into the trenches. A "trough-overflow", a "short-circuit" between the trough and the trench is implemented for this purpose. The trough-overflow can be performed in several ways, e.g. as a gravel-filled pipe, covered at the top by a protective hood. Between the trough-bottom and the top of the trench, an intermediate layer of sand is installed. From the trench the pre-treated storm water percolates into the surrounding soil. In case of temporarily elevated groundwater tables or excessive soil moisture, the trench can be used not only to manage the infiltrated storm water runoff but also to manage undesirably high groundwater or soil moisture. The demanded storage volume of the trench, that means the usable pore volume of gravel etc., can be estimated within the first design step by assuming another 30 mm runoff of the connected impervious area. 


In the lower part of the trench, there is a drainage pipe, which serves as a bottom outlet and can be used to dewater the trench completely, if necessary. This bottom outlet discharges into a manhole, in which the the storm water outflow can be throttled to the permissible discharge. Finally a trench overflow device ensures that the trench is filled only to its top edge.


The aforementioned trough-trench-elements are located both on private and public sites even along traffic banks. Several of these elements can be linked by throttled sewers to a MR-System, using either parallel or in-series arrangements. The final outflow from such a sewer system is designed for a permissible discharge that may be comparable to the drainage area discharge before urbanisation, according to the zero-runoff-increase concept.


The MR-System is almost universally applicable, independent from the permeability of local soils and other circumstances. Constraints on its applicability may be imposed by steep surface slopes of the drainage area or by lack of space in densely developed downtown areas. The layout of the MR-System is rather flexible and can be easily adapted to various soil conditions. In soils with intermediate permeability (kf = 10-6 m/s), where no discharge from the trenches is expected, the sewer system can be eliminated and the MR-System just comprises unlinked trough-trench-elements, that is the  "unlinked MR-System". In soils with high permeability (kf = 10-5 m/s) even the trenches can be left out and the system is reduced to troughs only, that is the "unlinked M-System". Thus both these variants are special cases of the overall MR-System. In practice a certain urban area may be divided into parts of different soil conditions so that the application of different variants may be required.





�EINBETTEN Unknown�Fout! Bladwijzer niet gedefinieerd.�


4.4 Computations


After the pre-design of the MR-elements by the assumptions of storage volumes mentioned above, it has to be proved that a given recurrence interval of failure will be kept. In Germany a recurrance interval of 5 years is standard. It has to be proved by a "continuous long-term simulation" of the rainfall-storage-infiltration-outflow process that the pre-designed element will achieve that requirement. "Continuous" means that the input series of rainfall data have to include dry periods.


Fig. 3 shows the components of the trough which have to be taken into account: 
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Fig. 3: Components of the Trough





QZU,M = inflow from the connected area (roofs, roads etc.)





QE,M   = evaporation and transpiration during and after rainfall events





QÜ,M   = trough-overflow into the trench, works only when the trough is overloaded





QV,M    = percolation through the bottom of the trough either into the natural soil or into the trench





kf,M     = permeability value of the active soil layer of the trough (10-5 m/s)





hM      = depth of the trough (in general:  0,3 m)





As a rule, the computations are normally carried out using time steps of 5 minutes in order to take into account the high fluctuations of the inflow data. A continuous series of rainfall and dry period data of at least 10 years are used. As a result of the inflow-outflow-equation the number of events exceeding the given depth hM will be obtained. If the number of years of the input series divided by the number of failure exceeds the given recurrance interval the design of the element has to be extended or vice versa.


In case of the existence of a trench below the trough the working-frequency of the trough overflow  is a free parameter to change the divison of the whole storage volume of the MR-element between the trough and the trench. That may be necessary in case of densely developed areas, e.g. along roads. But a working-frequency of five times a year should not be exceeded in order to force most of the runoff to be treated by passing the active soil layer of the trough.


Fig. 4 shows the inflow and outflow components of the trench with QÜ,M and QV,M the output components of the trough mentioned above:


QZ,R = inflow from an upwards located trench in case of a linked MR-System


QV,R = percolation into the surrounding natural soil


QD,R = throttled outflow from the trench (a permissible discharge)


QÜ,R = trench overflow in case of filling to its top edge


�OBJECTINSLUITEN Unknown���


hR    = depth of the trench











Fig. 4: Components of the Trench





The application of the inflow-outflow-equation to the trench in combination with the trough components  aim to prove that a situation where both trench and trough are filled to their top edge does not happen more than once within the given recurrance interval. Otherwise the designed storage volume of the trench or the trough has to be changed. 


A parameter which affects the proportion between the components QV,R and QD,R or QÜ,R is the level of the trench outlet in relation to the bottom of the trench. If the outlet is raised in relation to the bottom of the trench the component QV,R will increase and vice versa.


Computer programs which are able to carry out easily the whole procedure of computing MR-elements or MR-systems are available and increasingly applied in Germany. 





4.5 Discussion of Critical Notes


In the following some of the objections often raised against the concept in general and the infiltration measures in particular are discussed.


One of the most significant critical notes relates to the problem of soil-clogging by infiltration of rainfall runoff. Indeed surface runoff often brings up a good deal of solids which are deposited upon and within the top layer of the infiltration area. To avoid clogging it is necessary to ensure that the infiltration process will be completed only a short time after the end of rainfall (3 hours). In this way the active soil layer will be sufficiently ventilated.  To achieve and to maintain the infiltration capacity as mentioned before an overall permeability value of kf = 10-5 m/s is required. Furthermore the ratio of infiltration area to connected drainage area should be no more than . 1:15. If clogging problems still exist,  the permeability can be restored by breaking up the upper layer mechanically.


Another objection aims at the problem of heavy rainfall runoff, which exceeds the storage volume of the trough,  in case of a frozen soil. Although the coincidence of these phenomena is rather unlikely, one has to consider this situation. For this case the overflow device of the trough into the trench can serve as an emergency outlet. The trench and the surrounding soil is normally able to receive and to store the overflow. It can be useful to install a trench even if one can do without in order to make provisions for rainfall on frozen soil. Snowmelt normally is not a critical burden for the trough or the trough-trench-element.


Pollution of runoff, especially as far as runoff from roads is concerned, is another severe problem that has to be discussed.  Research projects carried out at real long-term operating facilities in urban areas have shown that most of the pollution parameters, e.g. heavy metals, are filtered or absorbed within the upper layer of a few centimeters with a rate of more than 90 %. The danger of breaking through into the groundwater does not really exist within a period of several decades. In other words: The upper active soil layer serves as a kind of treatment plant for the runoff. Provisions have to be made in case of protected areas of water works or along roads with the danger of accidents by tanker etc. For instance in order to prevent water from uncontrolled percolation into the natural soil the trench can be wrapped by an impermeable layer instead of an permeable geotextile. Thus the percolation takes place after passing a manhole with the possibilty of control measurements.


A further objection is that there might be the danger of undesirable soil moisture and even  floodings of basements etc. due to on-site management of rainfall runoff. It is, however, important to note that a linked MR-System is able to manage not only the infiltration process but also any undesirably high groundwater or excessive soil moisture by its draining effect. To ensure a desirable groundwater level or soil moisture, the bottom of the trench respectively its outlet should be installed at the adequate depth.





4.6	Applications


One important advantage of the MR-System is that it can be applied not just in new developments, but also as retrofit measures in existing urban developments. In retrofit situations, the MR-System allows to disconnect some parts of the drainage area from the existing sewer system and thereby to reduce its hydraulic loading and discharges of polluted storm water or combined sewer overflows into the receiving waters. Furthermore, due to increasing effects of conventional sewer systems on floods of receiving waters and decreasing effects on groundwater recharge, authorities in Germany are interested in replacing the conventional drainage concept by on-site management measures. Therefore the MR-System has been applied in many German projects and further applications are planned in new developments, or in upgrading and renovation of existing sewer systems. 


One of the early pilot projects (BMBau, 1997) supported by public funds and carried out under the author`s direction during 1991 to 1994 is located in the city of Hameln at the river Weser. The existing combined sewer system of the city`s suburb Hameln-Tündern was hydraulically overloaded and it was planned to reduce the overflows into the river by a detention tank. The costs of the sewers upgrading and the tank were estimated to be 4.5 Mill. DM. The aim of the pilot project was to solve the problems by disconnecting the rainfall runoff of  a certain area from the sewer system. This aim has been achieved by disconnecting about 170 properties from the total of about 400. There were intermediate soil conditions with a soil layer of loam (kf = 10-6 m/s) of about  3 m of depth above a deep gravel layer. The motivation of the owners to participate voluntarily in the disconnecting program was supported by a grant of 10,-- DM per m2 disconnected paved area. Furthermore the owners were released from a fee of about 1,-- DM per m2 / year, which is nomally imposed by the city to cover drainage costs. During the project the owners have been advised about administrative and constructive problems by a team, consisting of an engineer and a landscape gardener. 


Another large project concerning the MR-System was constructed in Berlin. Around the lake “Rummelsburger See”, a new residential area with about 3.000 flats was developed. In order to prevent the rainfall runoff from polluting the lake, an extensive MR-System not only for the buildings but also for the roads was realized. Soil conditions were relatively uncomplicated with a sandy layer of about kf = 10-5 m/s. Problems were given by the groundwater level of about 1,5 m below the surface and the fact that the area is located at the border of the protected zone of a water work.








4.7	Conclusions


The  MR-System (stands for the German term “Mulden-Rigolen-System” which may be called Trough-Infiltration Trench System in English) is an almost universally applicable concept and an alternative to the conventional method of separated or combined sewer systems. As a rule it combines three elementary engineering techniques to manage rainfall runoff: infiltration, storage and (throttled) draining by sewers. In Germany this concept is spreading not only as far as new developments are concerned but also in existing urban areas as retrofit measures. The paper introduces the basic principles of the concept, followed by a description of technical details and a discussion of critical notes.
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