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abstract





Urban water management is presently having a revival in the Netherlands. The rather technical way of dealing with the urban issues of drinking water supply, treatment of sewage water and runoff, as well as the drainage of urban areas has posed us for several problems. These problems are likely to increase as a result of the steady growing population number and economy on one hand and climate changes on the other hand. A new approach is growing into practise. This approach is based on co-operation  with the natural processes of water,  integration of water in the planning and shaping our living environment, and intensifying the co-operation between the various parties involved.


Introduction





About a 150 years ago, the waste water from most  houses was discharged directly into open water. In the cities this caused major problems for public health. During these years, public water supply was under construction in the towns. This resulted in a further increase in the quantity of waste water and therefore also in surface water pollution. For that reason, sewer systems were constructed from mid 19th century to bring the waste water out the towns into the large rivers and lakes. The strong urbanisation and large economic growth since then in combination with a growing population number, has led to a very bad quality of  the surface water . At that time something had to be done to the water pollution. The Surface� Waters Pollution Act came into force in 1970, and a massive building programme of sewer systems and of waste water treat�ment plants was started since then.


Subsequently over the past years urban water management was mainly focused on the network of drinking water mains, sewerage and drainage. The prime goals were to provide sufficient amounts and quality of drinking water, the rapid discharge of precipitation and domestic wastewater. All in order to ensure good public health. Next to that keeping dry feet  as a main objective has led to drainage systems for urban areas. Water was in fact often considered to be a burden and an easy way of disposing waste. 





Although this technical approach has met its demands - we live a reasonably safe and comfortable life in our cities - several problems have become evident..





The discharge of runoff and waste water demand costly investments in sewerage systems and waste water treatment plants. It reduces natural groundwater recharge through infiltration. There are problems with combined sewer stormwater overflows leading to contamination of surface waters in the cities and its surroundings. The quantity of waste water to be treated in the municipal sewage treatment plants (MSTP) fluctuates widely, resulting in fluctuating treatment efficiency.





The demand for expanding  urban areas has been very large over the last decades and was mainly concentrated in the western parts of the Netherlands. These relatively wet areas (polders, lowlands and peat areas) were quite often hydrological seen less suitable for urbanisation. This urbanisation required an intensive water management system and deep drainage systems in order to keep dry feet. Besides that there is little storage room in the surface waters because of  its management of fixed water levels. Together with the rapid discharge of precipitation it created a system with peak discharges on one hand and water shortages in dry periods on the other hand. The system is very sensitive for disturbances caused by intensive rainfall periods and high river discharges resulting in flooding downstream. These problems tend to increase due to expected climate changes.





Most of the urban surface waters have little ecological value. They are situated on the wrong spots, isolated with no connection to other surface waters. They lack ecological structure (hard, steep river banks, no vegetation). They have a poor water quality as a result of the combined stormwater overflows and the inlet of water in dry periods in order to maintain surface water level. This water often is enriched with nutrients, pesticides etc. 





The large demand for drinking water, next to the intensive drainage of arable land, has led to a considerable pressure on groundwater aquifers. This causes considerable dehydration in nature areas in the cities surroundings,





These are reasons to give urban water management in the Netherlands  some critical consideration. In the last years a process of reconsideration is taking place. This year the 4th National Policy Document on Water Management (NW4) came out. For the first time the urban water system as a whole is considered seriously at a national policy level. The main aim of the NW4 is defined as: to have and maintain a safe and habitable country and to develop and maintain healthy and resilient water systems which will continue to guarantee sustained use.


A ‘new’ term was born: resilience. This reflects to the flexibility of a water system to react and anticipate on a external (negative) force. To increase the resilience, processes are stimulated like: conservation and buffering of water, increase the regulating capacities of the system by freeing the natural dynamic processes. The new slogan could be: ‘’We can not beat the water, so we better learn to co-operate with it’’. Technical solutions for water problems should be the last option to consider and not the starting point of water management. Studies are now undertaken to work out resilience into more concrete and practicable strategies for various water management topics. 





In the NW4 the long-term strategy is based on two approaches: 


Natural based use en management of water and water systems.


The basis for water management (at both national and international level) are the water system and the water catchments. 





This kind of area-specific approach will ensure coherence within water management and co-ordination between policies on water management, the environment and physical planning (especially with regard to agriculture, ecology and urban development).National objectives and standards should leave scope for area-specific policies at local and regional level, tailor-made solutions are stimulated.





�


The approach of dealing with developments and problems is tending nowadays towards:


looking ahead and encouraging positive developments instead of addressing problems as they arise;


instead of constantly remedying deficiencies or mistakes, it will be preferable wherever possible to prevent damage occurring in the first place, to conserve what is good and if possible to create scope for the exploitation of new opportunities. 


This is shown in figure 1.











The particular problems connected to urban water will be described in paragraph 4. Besides the specific remarks about urban waters also the more general strategies defined in the NW4  will have there influence on how urban water management will be developed in the coming years. 





�
Urban Water management in The Netherlands 





The urban water system can be distinguished into two water sources. The natural water system consists of precipitation, surface water and groundwater. The closed or piped system consists of the distribution system for drinking water, the sewer system, the municipal sewage treatment plant and the drainage systems. The two systems are interdependent on one another at various places. This total system is part of the water system in the whole catchment area. Figure 2 shows a rough draft of the current urban water cycle.








� OBJECTINSLUITEN Word.Picture.6  ���








Drinking water supply, sewerage and waste water treatment 





Almost 100% of the houses in the Netherlands have public drinking water supply. Some details are given in table 1. The public drinking water supply nowadays meets very high standards for both quality and continuity of deliverance. Aspects of consideration in the sector are:


increasing contamination of groundwater aquifers (main substances are nitrates and pesticides) making additional purification necessary or leading to closing of wells 


dehydration of nature areas due to the large scale use of groundwater for drinking water preparation


calamities and pollution of surface waters with pesticides


slowing down the continuous increasing demand for drinking water.


Drinking water supply seems fairly independent of the water management or activities in the cities themselves because only a few of the groundwater wells are situated inside the city. Groundwater protection zones do however more often also enclose urban areas. This sometimes causes pollution problems. Drinking water is also prepared from surface water. In that  situation another unexpected influence can be seen. The use of herbicides (diuron and now more recently glyfosate) in public green maintenance in a few cities in the catchment area of the Meuse is, for example, causing considerable problems for the drinking water supply in downstream situated urban areas. 





Table 1: Some general statistics of the Netherlands and on drinking water supply 





�
1997�
�
�
�
�
General�
�
�
Land area (x 1000 km2)�
33.9�
�
- of which is urbanised �
14%�
�
number of municipalities�
538�
�
number of cities > 20,000 inhabitants�
211�
�
Inhabitants (106)�
15.4�
�
Housing stock (106)�
6.4�
�
�
�
�
Total amount delivered drinking water (106 m3)�
1,269�
�
prepared from groundwater�
 63%�
�
prepared from surface water�
 37%�
�
�
�
�
domestic use per inhabitant (litres per person per day)�
128�
�
of which is used for:�
�
�
- toilet flushing�
36�
�
- showering�
40�
�
- laundry  �
23�
�
- bathing�
7�
�
- washing table �
5�
�
- laundry (hand wash)�
2�
�
- drinking water / food preparation�
2�
�
- other�
8�
�
- dishwasher�
2�
�
�
�
�
number of drinking water companies�
36�
�
average price per m3 (ECU,  1 Ecu = 2,2 Dfl)�
0.80�
�
�
�
�






More than 97% of the houses nowadays are connected to sewer systems. Some fact of the sewerage system are given in Table 2.


Principal�ly, two types of sewer systems are being operated, i.e. the "combi�ned system" and the "sepa�rate system". In this system, waste water (the dry weather flow) and stormwater are fed toge�ther to a treatment plant. This is possible because rainfall in the Netherlands is rather evenly distribu�ted over the year, with moderate rainfall intensities. Part of the polluted rainfall is dischar�ged directly to surface water by stormwater overflow structures. In the separate system waste water is fed to the treat�ment plant, and storm water to open surface water. Because of the still remai�ning unwanted polluti�on from both systems, an increasing number of ’'improved separated systems’' are currently being applied in addition to these systems. In this rather unique system the first flush of run-off, in which the large part of the pollution is considered to be present,  is led to the municipal treatment plant.. This system consists of two separate sewer pipes beside each other, one for the waste water and one for the stormwater. They are connected to one another at certain points. There is a valve systems that allows the first flow of stormwater to be fed also to the waste water sewer pipe. It is not possible that wastewater can come into the stormwater sewer pipe. If the rainfall intensity exceeds a the storage and pumping capacity of the waste water sewer pipe, the system will allow stormwater to be discharged directly into the surface water. In this way the overflow of wastewater is prevented. Over the year only 30-40 percent of the stormwater is  discharged directly in the surface water, the other part is treated in the municipal waste water treatment plant. 


 


The sewerage systems nowadays is primarily dealing  with two problems:


maintenance and replacement of old sewerage systems


stormwater overflows polluting surface waters





There are approx. 16,000 overflow structures of combined sewer systems. During heavy rainfall, sewage water diluted with storm water is discharged, together with disturbed sewage sludge, from the combined sewer systems via the overflow structures into the surface water. Most overflow structures are situated on small (semi-)stagnant watercourses in the cities themselves. In general, the impact  on the surface water, the sediment and the aquatic ecosystem resulting from the discharges from overflow structures is therefore considerable.





Formerly, in the context of granting permits on the basis of the Surface Water Pollution Act, the requirements mainly concerned the average frequency at which overflow from combined sewer systems might occur. Research has shown that the overflow frequency is representative only to a limited extent for the pollution load and the effects on surface water, concerning water quality and public and animal health. It has been thought necessary to arrive at an adjustment of the current requirements. The aspect of reduction of waste emission should play a larger role in the new requirements. An assessment of sewer systems on the basis of waste discharge, with the current knowledge, is only possible within wide margins. Moreover, the circumstances and preconditions for each location can differ to a high degree. In order to create the conditions to apply the most cost-effective sanitation measures for each location, it is necessary that the recommendations leave room for further elaboration of the policy for each location. On the strength of the above considerations, a two-track approach has been selected.


In order to reduce the nuisance caused by discharges from sewer systems in the short term, a basic effort, founded on the principle of best practicable means, which in principle applies to each sewer system is recommended as a frame of reference. Depending on local circumstances, a solution may be selected with the lowest costs and a waste emission which corresponds to that of the defined basic effort. The basic effort for combined sewer systems has been defined: a system with a storm water pumping capacity of 0.7 mm/h, storage of 7 mm and 2 mm of storage in storm water overflow tanks. The maintenance condition and the lay-out of the sewer system ought to be that no severe sludge sedimentation can occur in order to keep waste emission as slight as possible. When carrying out sanitation measures, priority should be given to situations in which bottlenecks regarding water quality occur. 





Table 2: Some facts on the sewerage system





�
1997�
�
�
�
�
Total length sewerage system (km)�
80,300�
�
of which:�
�
�
- combined sewerage system�
72.5%�
�
- separated sewerage system�
25%�
�
- improved separated system�
2.5%�
�
�
�
�
age of sewerage:�
�
�
- 40 years or older�
20%�
�
- 10 to 40 years�
58%�
�
- less than 10 years old�
22%�
�
�
�
�
houses connected to sewerage �
6,264,000 (97.5%)�
�
non-connected countryside housing�
177,500 (2.5%)�
�
�
�
�
expected total investments in sewerage until 2005�
�
�
- renewal and renovation (109 ECU)�
3.4�
�
- reduction of storm water overflows (109 ECU)�
2.6�
�
- connection countryside houses (109 ECU)�
1.5�
�
�
�
�
Average annual sewerage charge per inhabitant (ECU)�
36�
�
�
�
�



It seems likely that in certain situations the basic effort will not lead to the water quality meeting the water quality objective. In such cases, the water control board may decide to pose more stringent requirements. Such requirements should focus on meeting the water quality standards. To establish the necessary measures, a careful analysis of the factors which determine the quality of the surface water is desired. It is then necessary that the emissions of other relevant sources are also considered. When establishing the desired emission-reducing measures, the costs and effectiveness of the measures should play a role in the considerations. 





Nowadays 95 % percent of the waste water is  biologically treated in municipal sewage treatment plants. Some facts are presented in Table 3. About 430 munici�pal sewage treat�ment plants were operational with a design capaci�ty of about twenty�four million population equiva�lents (p.e.).


After the initial attention on the subject of organic pollution (COD, N-kj) the attention of water management moved on to the control of eutrophicati�on, the emission of the nutrients phosphorous and nitrogen. Mid 1990, limits became effective for the phosphate quantity in water to be discharged by sewage treatment plants (1 mg/l for MSTP’s > 100.000 p.e. and 2 mg/l for  MSTP’s <100.000 p.e.). The limits for nitrogen date from 1992 (10 mg/l for existing MSTP’s <20.000 p.e. and 10 mg/l for MSTP’s >20.000 p.e.). At this time additional removal of Phosphorus and later on also nitrogen at MSTP’s started.  


The principles of total nitrogen removal are not new. Oxidation ditches and related sys�tems are generally particularly effective in achieving a high degree of total nitrogen removal. Dozens of sewage treatment plants, mainly operating below design capacity, therefore easily meet the new standards. For most existing "ditches", however, optimisation was necessary to reach the level of 10 mg of total N per litre. However, the total N removal is more limited in exis�ting activated sludge plants, trickling filters and two-stage waste water treatment plants. In these cases, radical adjustments have often been needed to meet the standards. 





Table 3: Some facts on the municipal sewage treatment plants





�
1995-1997�
�
�
�
�
General�
�
�
Total number of Water boards�
63�
�
Total number of MSTP’s�
424�
�
Total capacity (person pollution equivalents)�
24,400,000�
�
�
�
�
MSTP’s discharging effluents on small, regional surface waters�
324�
�
capacity discharging effluents on small, regional surface waters (p.e.)�
14,700,000�
�
MSTP’s discharging effluents on large, national surface waters�
96�
�
capacity discharging effluents on large, national surface waters  (p.e.)�
9,600,000�
�
�
�
�
Effluent load 


in tonnes/year, in between brackets the removal percentage�
�
�
COD�
100,400 (88%)�
�
Nitrogen �
36,209 (57%)�
�
Phosphorus�
3,542 (74%)�
�
Cadmium�
0.4   (76%)�
�
Chromium�
7    (79%)�
�
Copper�
23   (88%)�
�
Mercury�
0.2   (72%)�
�
Nickel�
14    (57%)�
�
Lead�
10    (87%)�
�
Zinc�
125   (72%)�
�
�
�
�
Annual costs (106 ECU)�
�
�
- waste water treatment (incl. transport)�
630�
�
- additional phosphorus/nitrogen removal�
28�
�
- removal sewage sludge�
112�
�
�
�
�









An additional problem is the sewage sludge produced at sewage treatment plants. 


By tightening the manure regulations, the outlet for sewage sludge in agriculture is coming to an end. Sewage sludge will increasingly have to be landfilled, incinerated or re-used. As space is scarce and the cost of landfilling therefore regularly increases, measures will have to be taken for an extensive reduction in sludge volume. The volume can be reduced by mechani�cal dehydration, using centrifuges, filter presses or belt presses, followed by drying, composting and incineration. After incineration, the leachable residue can be fixed by cementation techni�ques and used in construction materials. This form of recycling is currently being conside�red, but has not yet been put into practice.


Rainwater, surface water and groundwater in urban areas





Surface waters in cities are often man-made waters such as channels, ditches and ponds. They were primarily designed and constructed with respect to the water management of the urban area: drainage, store stormwater overflows, and shipping. The percentage of area surface water is mainly determined by the need of the sewage system and not by the natural physical features. Instead of creating storage for rainwater in the surface and groundwater systems, drainage - still mainly leading to the sewerage - is used to deal with the excess of rainwater.  


Most of the existing waters are straightly shaped en hooked with steep and hard, usually with stones or wood protected banks. They give little opportunity for natural processes or ecological development. Water quality often is very bad as a result of the combined sewerage storm water overflows, the inlet of nutrias water from agricultural areas, contaminated water sediments, lack of circulation and little biological purification capacity (lack of flow, no vegetation etc.). This results in a characteristic community of nutrient-rich, disturbed water systems with sparse vegetation. 


This is changing quit rapidly. In more recent years surface water has a revival in social appreciation and got an prominent role in sustainable building. Almost all people find the presence of surface water in their living environment very important. Water and public green add values as rest and sphere tot the peoples living environment.. At present there is a tendency to make water more visible, and in this way regain the public awareness aimed at a more conscious behaviour towards water. Redesign, especially of the steepness of the banks, the bank revetment, the width and green management of the banks, is of great importance for the development and diversity of  vegetation and fauna. It will be obvious that sometimes cultural aspects, such as the channels in Amsterdam, will prevail. But also in those situations there can be made ecological improvement by means of introducing special float lands. Surface waters (vegetation filters) are also used for ‘’treatment’’ of lightly polluted water streams, such as runoff. There are substantial programmes in order to reduce the impact of storm water overflows in order to improve water quality. 





Urban groundwater might be the most neglected part of the urban water system in the Netherlands. Building areas are very sensitive for groundwater levels and quality. If the groundwater level is too high, this can lead to:


health and moisture problems in houses


reduced bearing capacity of roads


limitation of growth of urban green.


If the groundwater levels are too low, this can lead to:


rotting of wooden pile foundations, resulting in damage to old buildings,


additional subsidence, leading to brea�king of sewer and drinking water pipes.


dehydration of public green areas and nature areas in the city surroundings. Especially in the higher and sandy parts of the Netherlands the urban drainage affects the groundwater levels more far reaching than was meant to happen, causing dehydration or desiccation, and the withering and dying of ecologically valuable plant species in and around the city. On the whole the ecological potential of the urban water system is under-exploited, with the consequence the quality of the city nature and its vicinity is much less than it could be.


Next to that municipalities have to sanitise numerous groundwater and soil pollu�tion sites. In the Netherlands 3 000 sites have been marked by the government for cleaning, out of more than 100 000 sites, representing about 2% of the area of the Netherlands (Schrauwen, 1993). 


It would seem there is a need for a more active management of groundwater. This could provide an important additional permanent or temporary storage capacity for stormwater. This storage capacity could be used for stormwater infiltration and thus relieve the sewerage or for the use of rainwater for certain purposes instead of drinking water. 


Organisation of urban water management in the Netherlands





The different aspects of urban water management are allocated to different organisations. The national departments are mainly involved at the level of strategic National Policy Documents, National regulations and legislation, multinational agreements and such. The regional boards (called provinces) have an important task in the development of integrated policies at a regional scale and facilitating actual implementation by means of addressing the regional water boards, the municipalities and the drinking water companies. The water boards are responsible for water management at regional and local scale, they also operate the municipal sewage treatment plants. The municipalities manage the sewer system and collect drainage water. The drinking water companies, usually partly owned by the municipalities and the provinces, are responsible for the drinking water system. In Figure 3 an insight is given in the different tasks related to the various organisations. This wide division of tasks is common in the Netherlands and has led to working models based on collaboration and agreements. This broad consultative structure is often referred to as the Dutch ‘Polder model’. It is aimed at reaching consensus between all participants (stakeholders) through a bottom-up approach and decision making at all levels. This emphasis on stakeholders consultation and consensus means that policy-making is a rather slow process. On the other hand is implicates that the final policy decision usually enjoys wide support, which facilitates implementation. 


An potential disadvantage of this system is the segmentation of the various policy fields, where the awareness is more and more that only an integrated approach will be successful. The systems provides on the different  levels (horizontally) in co-ordination obligations, between the levels the higher levels are directive for the lower levels. Nevertheless there is tendency at the province level to integrate plans in a so-called provincial surrounding plan and at the municipality level all participants participate in a voluntary local water plan.     








�





Figure 3:  Strategic and operational planning instruments related to the various aspects of urban water management


Research and development topics in urban water management





In his paragraph some item of specific interest in the Netherlands are presented. In this field research is being done and developments are taking place. It would be interesting to learn from other parties in term of their specific experiences (circumstances, problems, approaches, results, research topics etc.) in these fields.   


Land use planning, urbanisation and water management 





In the definable complications in water management, related to the urbanisation of The Netherlands, we can distinct different scales (urban, regional, national) and different sources (human induced, climate induced). Now and in the future the Dutch water manager has to cope with 


the effects of our historic and present way of managing the urban waters and urbanisation and 


with the forecast of climate change and ground subsidence. 


Because of the defined developments it is obvious that the natural water system and (geo)hydrological features have to play a much more important role in the physical planning of  urban areas. 


In this paragraph these problems will be described more detailed.





It has become clear that urbanisation has had a large impact on the natural water system. The high  intensity land use with dense population, crowded traffic, polluting industrial sites, poorly structured and scattered  green areas and ponds, fixed surface water levels, unnatural drainage and water management has led to a very unsound and unbalanced water system. Urbanisation is partly responsible for the dehydration of nature areas because of the reduction of natural recharge of groundwater and the extraction of groundwater for preparation of drinking water. 


On the other hand urbanisation results in peak-discharges through the short cut of precipitation being discharged in the sewers and surface waters. Our urban water management made the response to rainfall quick and peaks are hardly reduced. 


Because of the large expansion of urban areas in the last decades and the drainage regime of agricultural areas the natural sponge alike (absorbent) character of the soil has decreased in a substantial way. Springs and rivers have been straightened and normalised resulting in rapid discharges and the loss of the natural retention time and areas. The possibilities to store water in the system have decreased to a too large extend. The previous described processes have been strengthened because due to the shortage of space also the low, hydrological less suitable areas have been used for urbanisation. To create in these relative wet areas favourable conditions for building, the impact on the original water system is not irrelevant. In the mean time the sophisticated water management which was required has proven to be vulnerable for large natural fluctuations (heavy rainfall, large river discharges etc.).


We can wonder why we continued or even stared this way of water management . One of the reasons is laid in the fact that on local scale the effects seem to be negligible or manageable. Meanwhile it became clear that a lot of these effects add up and from time to time result in unexpected large effects somewhere else down the water system. In a way it is comparable to the problem of non-point diffuse pollution, many small sources add up together and in due time will become a substantial problem.


Until 2030 the perspectives are that the urban areas will expense with about 100.000 ha and a large area of post-WO-II areas will be revitalised. The challenge we face is to expend and rebuild without neglecting the consequences on the water system on different scales. Structural co-operation and good communication lines on practical and policy level between the physical planners and water managers is essential in this, something which is far from optimal yet





The critical circumstances in the winters of 1993 and 1995 in the river area forced us to face the already predicted climate change and the effects of our too well working water management. The threat of flooding along the various branches of the Rhine and the actual floods in the Maas basin, as well as flooding caused by heavy rainfall in various other parts of the country in 1998, have made it clear that measures to prevent the repetition of these events will involve more than simply raising the dikes. Points of discussion became our ‘just’ technical approach, the money involved with solving high water peaks, and our present definition of safety. 


An additional factor is that the ground beneath the Netherlands is changing as a result of both geological processes and human activities. Declining water tables are causing compaction of clay and peat deposits and oxidation of peat. 





As already mentioned before, the high density of the population in the Netherlands, especially in the lower West part of it, makes the factor land scarce. In the last twenty years also hydrological seen unsuitable areas are used for building. With the previous described developments in mind, especially these sides are vulnerable for wateroverlast. High financial investments are needed to guarantee dry feed and high impacts on the ‘natural’ water system are to be expected. In the long term the national policies have to take into account the effects of the rising sea level, ground subsidence, increased rainfall and heavier river discharges more and more. 





The recent strategy is that in physical planning water becomes a leading principle in stead of fitting in the water system at the end of the planning process. The water management should no longer follow the land use planning, the water system has to become more something like a natural basis for  the land use planning. This could be done by taking in account the following:


to use the characteristics of the watershed (specific hydrological functions of specific areas, interrelations between parts of the water system, natural conditions and hydrodynamic fluctuations) as a basis for spatial planning (allocation of new urban areas, extraction areas for drinking water purposes)


to preserve and recover the sponge-effect of water systems (infiltration of precipitation, larger tolerance of groundwater and surface waterlevels to fluctuate, compensation for paved areas by appointing  of buffer areas  for water storage  enlarging retention time in discharges of  springs,  streams and rivers)


to preserve and newly appoint overflow areas  in the low parts of the Netherlands in which  flooding can take place against acceptable damage


to restrict urbanisation in seepage areas, brook areas and flood plains of rivers, to minimise urbanisation in areas with high ground water tables


These ways of thinking seem quit logical, the way of bringing this integrating water into practise in the spatial planning and urban development process is less obvious. The common socio-economical interests which determine the land use planning are still very powerful and have strongly determined choices so far. Making other choices, based on water system characteristics therefore requires a lot of stimulation and facilitating. It needs research and practical experiences through learning by doing. 


storm water overflows, dealing with precipitation





At this moment storm water overflows have a substantial adverse effect on water quality in urban areas and receiving rural waters. To tackle the problem of pollution of surface water by combined sewer overflows , disconnection of paved surface areas from the combined sewer system is considered more and more. However, paved surface areas are not always free of pollution and can give rise to contaminated water flows. Urban runoff consists of storm water and materials, collected during runoff over roofs and roads. Pollution on roofs depends on dry deposition, leaf fall, applied construction materials for roofs and gutters and bird excrement’s. Roads are polluted by heavy metals  (cars and corrosion of traffic signs), PAH’s (traffic) and nutrients (leaves, dog excrement’s), detergents (car-wash), salts (de-icing in frost periods) and deposition..





Recent investigation learns that depending on the circumstances and the use of the paved area, water flowing from such an area can often be disconnected from the sewer system. Designers have to distinguish between discharge directly into the surface water, discharge by infiltration -if such is the case, soil passage effects water purification- and discharge to the sewer system. Disconnection and infiltration for example can imply an excellent and reliable source for supplementing groundwater levels in areas where groundwater is obtained for water supply.


Besides the type of material used for pavement , the use of it is also important.. 


The essence of the present-day discussion can be specified as follows: to answer the question on which way and under which conditions we have to define precipitation too contaminated and storm water runoff from specific paved surface areas and roofs too polluted to be safely infiltrated into the soil or discharged into surface waters. Next to that investigations are taking place to see what improvement can be achieved with source control (preventive measures for polluting activities) and pretreatment of the runoff prior to infiltration or discharge.  





Reducing drinking water use: reuse and a B-quality water network alongside A-quality drinking-water supply?





The total amount of drinking water used in the Netherlands is 1,270 million m3 . Some 65% of this is prepared from extracted groundwater. In a number of cases this contributes to the dehydration of several nature areas in the Netherlands. A lot of this water is simply used to flush the toilet, as can be seen in table 1. That seems rather a waste, considering the efforts put into it to make first quality drinking water and the adverse effects on nature. This problem would increase with an increasing population, it therefore requires changes in the drinking water supply. The drinking water companies are undertaking action in the following fields: 


relocating groundwater extraction’s from vulnerable areas for dehydration to less vulnerable areas,


increasing the preparation of drinking water from surface water,


promoting reduction of drinking water by use of water saving measures and a more conscious use,


promoting the reuse of water in closed circulation systems in industry,


investigating the use of  B-quality water for purposes such as toilet flushing.


In many new development areas study is being done on the subject of a second water network for  B-quality water. This water could be used for purposes which do not require A-quality drinking water, such as toilet flushing, laundry-washing machines, watering gardens etc. In this way up to 60% of the use of  A-quality drinking water can be saved. For B-quality drinking water could be prepared from precipitation, surface water, drainage water, seepage or treated effluent from a MSTP. It is quit obvious that the quality demands and thus the efforts to be put into it, strongly determine the advantages of such a system.


This discussion regarding the advantages and disadvantages is presently taking place. Those who are in favour stress the absurdness of flushing toilets with A-quality drinking water and the adverse effects of groundwater extraction on nature. Opponents stress the negative impact of the extra materials used for a second water network, possible risks for public health in case of wrong use  and the costs of preparing it to meet the presently set standards for B-quality water. Further research and a careful evaluation of present pilot projects is at hand to get a clear picture of benefits, risks and required (local) conditions in order to make it a beneficial measure with respect to all the environmental and public health aspects involved.  


diffuse sources of pollution 
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Environmental policy in the Netherlands considers prevention of pollution to be the most effective and sustainable way of pollution abatement. Therefore extensive research has been done to the determine all kinds of sources of pollution. It appears that in the urban waste water that is discharged to the MSTP, a substantial part of the pollution is originating from non-point sources, such as traffic, zinc roofs and gutters, copper drinking water piping etc. In figure 4 this is shown. 


alternatives and reduction measures, optimisation between measures at source and measures in sewerage and treatment and last but not least the development of effective implementation strategies The abatement of  pollution of diffuse sources is far from easy and a long term process. More insight in the nature of emissions, setting priorities based on risk assessments, the development of possible are the main topics for research. 





extensive treatment of urban wastewater and reuse of treated effluent 





In spite of all the efforts made to meet the emission and water quality objectives, the emission loads of municipal still require special attention. A large number of MSTP’s discharge their effluent on small surface waters and have a substantial impact on the water quality, especially phosphorous, nitrogen, heavy metals and other organic micro pollutants. In addition small, regional surface water often are ecological very valuable water systems. Testing effluents on toxicity shows effects on especially algae.


Additional purification at the existing MSTP’s is technically feasible by means of membrane techniques such as hyperfiltration and reverse osmosis. It is however, still rather costly. By separa�ting water flows with significantly different pollutant levels and flow characteris�tics, new possibilities arise to reuse water flows and to prevent the dispersi�on of pollutants to surface waters, for example. This splitting up into different water flows involves diffe�rent volumes and concentrations and could require different treat�ment techniques.


The various flows to be distinguished are rainwater from roofs and impervious surface, grey water from houses, black domestic waste water, and business discharges. Water flows that are lightly polluted can be used for infiltration in areas suffering from dehydration or another useful applicati�on (re-use in agriculture, industry or house-holds) after rather simple physical or biological treatment.. As flows become more concentrated, more advanced techni�ques have to be practised. The re-use of effluents is only taking place at a very small scale in the Netherlands, due to high hygienic demands.


organisation of urban water management 





As several institutions are responsible for different tasks in the urban area a good collaboration is a basic condition for sustainable urban water management. The prime partners are:


the municipality being responsible for the land use planning and lay out of urban areas, collection of waste water (the sewer), drainage of public areas, maintenance of public area and green parks 


the drinking water company being responsible for the abstraction of groundwater and surface water, the preparation and deliverance of drinking water, the maintenance of water mains, promotion of saving of drinking water ,


the water board, being responsible for the transport of collected wastewater and treatment of this, the water management of surface water in the urban area 


the users of the city (inhabitants, companies, tourists) who are responsible for setting demands and supporting developments in their living environment liveability.


This division of task and responsibilities is not always the most logical division. It is something that has developed over the years from ancient roots and is constantly changing on parts. On the other hand, this is a common model in the Netherlands and collaboration, looking for joined interests or compromises in cases of different interests is the main way of policy making. Collaboration between the partners in urban water management is increasing. Nevertheless it strongly depends on individual people wanting to work together, people of different skills, different perceptions of the problem and of solutions, different ambitions etc. Therefore a lot of research is done in the field of management of these kinds of collaboration processes. Examples are:


interactive planning processes (province and municipal level)


simulation plays


decision support systems


improving communication an collaboration strategies


participative and interactive policy or plan development


Next to that there is a lot of discussion in the field of privatisation of certain tasks in order to improve performance by means of competion or bench-marking. The drinking water companies already have a system of bench-marking their company performance. The waterboards are developing a similar system for the treatment of waste water.
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