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ABSTRACT





88% of the Norwegian population use surface water for water supply. Although the water quality in Norwegian waterworks have improved in recent years, still about 40% of the population get drinking water that does not meet all the requirements. The EU’s Water Supply Directive will not have any significant impact, as it is in accordance with the current Norwegian practice in many ways. Over 70% of the Norwegian wastewater treatment plants use chemical coagulation as the major treatment process. The pollution load from urban wastewater has been reduced considerably during the last decade. The total value of the Norwegian water and wastewater utilities are estimated to be about EURO 25 billion, while the required investments for the next 10 years are estimated to be between EURO 2-3 billion.





The key research needs are the identification of diffuse pathways of hazardous compounds in wastewater, overall minimisation of pollution loads  using integrated approaches with sewers and treatment plants, process optimisation of water and wastewater treatment plants, optimisation of function of sewer systems and the issues related to sustainable wastewater management.








Drinking water management in Norway





There are 19 counties in Norway, including the city of Oslo, and 439 urban and rural municipalities. Locally elected councils administer the municipalities through executive committees that have considerable autonomy in environmental and water-related matters.





A water supply system/utility serving more than 100 persons, 20 family houses, institutions, hotels or food producing factories needs approval. The municipal councils approve the water supplies within their jurisdiction. If one utility serves several councils, the water supply has to be approved by the county. If a municipality has not approved a water supply the utility can appeal to the county. If the county disapproves, the utility has the right to appeal to the Ministry of Health and Social Services.





88% of the Norwegian population is served by 1 600 registered water supplies of which 825 are supplying about 3 250 000 people with water with a quality according to the guidelines. The remaining registered water supplies have not been approved and these 775 utilities deliver water to about 550 000 people. In addition to the registered water supplies there are a large number of small unregistered supplies serving the remaining population of Norway. 





The water production was 1.1 billion m3 in 1994, of which 88% was surface water and 12% ground water. While only 37% of the production is consumed by households, about 34% is lost by leakage from pipes and joints (Fig.1). The water quality of the supplies varies around the country, and only 58% of Norway’s total population receive water with satisfactory quality (Fig.2). 
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Figure 1. Water consumption from Norwegian water works. 1994


�
Figure 2. Percentage of the population connected to water works providing satisfactory water supplies, by county. 1994�
�



The water quality has to be in accordance with the EU Directives. The new Norwegian water quality directive that was put in force 1/1/1995 is based on various EU-recommendations. The Norwegian waterworks do not anticipate any significant changes in the Norwegian directive with the enforcement of the EU Urban Water Management (UWM) directive. Although new parameters are introduced in the EU Directive, it is not expected to require revisions of the Norwegian Directive, as these parameters are less relevant for Norwegian water qualities. The parameters which have got more stringent maximum allowable values, will not make any difference to the Norwegian practice, as similar values already have been used (Krogh, 1999).





Wastewater management in Norway 





The Norwegian Pollution Control Authority (SFT), which is a subordinate agency of the Ministry of the Environment, has the authority to issue municipal waste treatment and sewage directives to the County Departments of Environmental Affairs. The management of wastewater is addressed in the Norwegian Pollution Control Act. 





The latest trend is to give more independence and freedom to the municipalities and counties to decide on their wastewater management policies, based on their local needs. Information from the SFT reveals that pollution from municipal wastewater is considerably reduced during the last years (Fig.3), thus the remaining improvements are mostly of welfare nature. This is based on the fact that 60-70% of the population is connected to municipal wastewater treatment plants, while 10% is connected to the sewers with direct discharge and the remaining 20% have separate single discharges (Syversen, 1999).
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Figure 3. Norwegian anthropogenic inputs of phosphorous (P) and nitrogen (N) to the coastal zone from Østfold to Vest-Agder (the North Sea area). 1985 and 1990-1997�
Figure 4. Hydraulic capacity by treatment method. 1962-1997�
�



Most wastewater treatment plants in Norway were built in the last twenty years. In Norway, the most important measure to prevent excess algal growth in fjords and river systems is the reduction of phosphorous inputs, and substantial investments in chemical treatment of wastewater have been made. As seen from Fig. 4, over 70% of Norwegian wastewater treatment plants have chemical or chemical/biological treatment. 





The total length of the sewer systems in 1996 was reported to be 33 700 km. These data are from municipalities covering a population of 4.1 million people, which gives an average sewer length of 8,2 km per inhabitant. For comparison, the average in 1984 was 6.5 km. In 1996 the total length of new sewers was at least 1 162 km. Combined sewers accounted for 31%, while 48% were wastewater and 21% were storm water sewers.





The wastewater sludge produced in 1996 amounted to 95 300 tons of dry solids. Of this 58% was used in integrated plant nutrient management on agricultural areas and green spaces. The rest was used in landscaping landfills, temporally stored until a decision is made on final use, or is stored permanently on separate sludge landfills. The content of heavy metals in sludge varies substantially from one plant to another, but the country values show that the content of lead, mercury, cadmium and copper were reduced while chromium, zinc and nickel have risen, in 1996 compared with 1993. (Table 1).





Table 1. Heavy metals in sewage sludge as mg per kg dry weight in 1996 and annual percentage change 1993-1996.





�
�
mg per kg dry weight�
�
�



Heavy metal�
No. of plants reporting (1996)�
Mean value per plant�
Minimum value�
Maximum value�
Standard deviation�
Annual per cent change in mean value per plant, 1993-19961�
�
Cadmium�
201�
1.0�
0.1�
9.0�
0.9�
-6.8�
�
Lead�
203�
24.6�
0.3�
78.0�
13.5�
-5.8�
�
Mercury�
200�
1.2�
0.2�
5.1�
0.8�
-4.3�
�
Nickel�
189�
12.5�
0.3�
74.0�
9.3�
+5.3�
�
Zinc�
190�
376.0�
98.0�
2 540.0�
272.6�
+1.8�
�
Chromium�
190�
29.9�
3.7�
976.0�
84.1�
+17.5�
�
Copper�
190�
271.2�
3.4�
1 186.0�
189.1�
-5.7�
�
1Calculated by regression analysis. Extreme values (the five highest and five lowest values each year for each metal) are omitted from the analysis.


Source: Waste water treatment statistics from Statistics Norway.


Investments in Urban Water Management





The current value of water and sewerage systems in Norway is approximately EURO 25 billion  (in 1998 values). 





In 1994, 1200 of the 1600 registered waterworks did not comply with the requirements. These works served a population of about 1.3 million, and the total investments required to upgrade them in compliance with the requirement were estimated to about EURO 850 million. To meet these demands a national program for upgrading the waterworks and for research and development in the sector was established. During the period of 1995-1998, the program has provided EURO 40 million, resulting in total investments of EURO 280 million. Additionally, the program also supports research and development activities, with about EURO 0,4 million annually. These grants are earmarked to target such problems as removal of natural organic matter, disinfection and corrosion control.





Municipalities set the water supply fees either on the basis of the area of the subscriber’s dwelling or measured water consumption. The fee for wastewater is also calculated with basis in the drinking water consumption. During the past years there the fees have increased. For a dwelling of 140 m2, the country average fee was EURO 221.3 in 1998, while in 1997 it was EURO 208.5. 





During the period 1976 to1996, EURO 3.4 billion were invested in the Norwegian wastewater sector, of which 18.5% were government grants. Some of the grants were utilised for research and development in the sector, which has lead to the development of several unique process concepts and optimisations. The overview of costs in the wastewater sector is presented in Fig. 5. The annual costs per subscriber have been reduced over the years as shown in Fig. 6. This reduction is due to the drop in the interest rates and the drop of the implemented investments compared with the planned investments. Almost 80% of the investments in 1999 were on sewer networks.
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Figure 5. Total costs in the municipal wastewater treatment sector, whole country. Constant 1993 NOK (1 EURO = 8 NOK)�
Figure 6. Annual costs per subscriber. Constant 1993 NOK (1 EURO = 8 NOK)�
�



When considering the future investment needs in this field in Norway, it is difficult to give an exact figure. However, for the next decade, the following numbers are assumed to be acceptable, based on qualified guesses on the need:





Renewing of the water network: 0.38-0.63 billion EURO


Renewing of the sewerage network: 0.38- 0.63 billion EURO


Sustainable handling of storm water runoff: approx. 0.13 billion EURO


Investment and renewing of waste water treatment plants in rural areas: 0.38-0.63 billion EURO


Investment in water treatment plant upgrading: 0.5-0.6 billion EURO





The leading Research and Development centres in UW& WWM





The Norwegian Institute for Water Research (NIVA) is the national centre for water-related research in Norway. In relation to urban water management, NIVA is engaged in several applied surface water and wastewater research projects such as treatment technologies, process optimisation, treatment plant modelling, master plans, eutrophication, heavy metals and micropollutants monitoring, water quality assessment and water resources management. NIVA is also engaged in urban water management projects internationally, most notably in Central and  Eastern Europe, Asia and Africa.  NIVA also participates in design of infrastructure projects, but then exclusively in collaboration with the leading Norwegian consulting engineering companies. 





The Norwegian University of Science and Technology (NTNU) in Trondheim, together with their research foundation SINTEF, is engaged in research an development in urban water management and have degree programs up to Ph.D. levels in the field. The research covers water and wastewater process optimisation, transport systems and modelling of treatment works and sewers. At present, NTNU provides the majority of young graduates in Norway, specialised in urban water management. Most of the professionals employed in the water and wastewater sector in Norway have either received their undergraduate education or postgraduate training from the NTNU.





The Agricultural University of Norway (NLH), which is situated in Ås near to Oslo, also educates  undergraduate and graduate specialists in urban water management. The NLH is engaged in research and development in the field, and usually this is done as part of M.Sc. studies, as Ph.D. projects, as other joint efforts and as part of COST and other international projects. Storm runoff handling, sustainability of sewerage systems, wastewater treatment plants in rural areas and sustainable handling of organic waste can be mentioned as the special areas of interest. 





SPECIAL TOPICS


Hazardous compounds in water sources: Identification of diffuse pathways.





Commonly, vast numbers of organic and inorganic compounds occur in industrial and municipal wastewater streams. Many of these compounds are hazardous to humans and the environment, but there can also be compounds present which may pose an unknown threat to different organisms. Treatment of water containing hazardous compounds can therefore result in transfer of such compounds to the sludge phase, biological break down with formation of metabolites (daughter compounds) or direct release of compounds together with the effluent water. By combining knowledge about what goes into the treatment plant, the treatment process itself and the condition of the receiving water bodies, it is possible to carry out risk assessments and conduct cost-benefit calculations.





In Western European rivers and lakes the concentrations of some hazardous compounds can be significantly above  “background level.” In many cases such compounds are still released into the environment from various, defined and not defined diffuse sources. Today, As, Cd, Cu, Cr, Ni, Pb, Zn, Hg, cyanide, chlorinated phenols, PCB, PAH, dioxins, nonyl-phenols, ftalates, chlorinated solvents, and linear alkylbenzene sulfonates (LAS) are among the most focused hazardous compounds in wastewater.





The Norwegian Pollution Control Authority (SFT) has undertaken investigations, which have discovered heavy metals and selected organic compounds in both wastewater and sewage sludge. Analyses of heavy metals in wastewater streams have been carried out for decades, but organic compounds have been monitored only for less than ten years. During the last 10-20 years the content of heavy metals in wastewater and sewage sludge has been reduced significantly, mainly due to reductions at the sources (i.e. industry and dump sites). However, there are still PCBs, PAHs, nonylphenols, chlorinated solvents and phthalates in Norwegian wastewater systems.  





 At present, there are no any ongoing large investigations of hazardous compounds in wastewater in Norway. However, the following small but interesting ongoing projects should be mentioned:


Full scale examination of the degradation of nonylphenols and phthalates in sewage sludge


Investigation of the response of natural and synthetic hormones in wastewater on fish


Individual controls of the heavy metal content in wastewater sludge and influent wastewater 


NIVA is  part of a European consortium that tries to remove heavy metals from sludge.





Research needs:


More and more WWTPs will try to limit the content of hazardous compounds in their sludge by trying to control the sources of the contributions. This may make it easier to sell/deliver the stabilised sludge as a fertiliser product.


Further elimination of point sources and semi-point sources: Industries and urban storm water from paved roads still represents a threat to aquatic systems in some regions, and should be controlled.


Treatment and removal processes: Conventional wastewater treatment plants are not designed to remove hazardous compounds. Removal of hazardous compounds from mixed wastewater represents a large challenge and research need.


Process modelling: The usual computer modelling tools that have been developed focus on transport and removal of organic matter, nutrients and suspended matter through different WWTP configurations. It will be useful to extend these models to make them able to predict the fate of hazardous compounds in WWTPs.


Risk assessments and recipient evaluations: The computer model EUSES, developed by the EU, predicts the environmental risk that specific organic compounds represent in different aquatic systems . It will be beneficial if this model is extended to determine the risk associated with mixtures of hazardous compounds. 


Analyses: The analytical methods to determine organic hazardous compounds in wastewater and sewage are rarely standardised, and the relatively few laboratories that offer these analyses use their individual methods. This makes it often hard to compare and evaluate results.





Overall minimisation of urban pollution loads





During the last decades, the key issue connected with pollution from municipal wastewater has been  the discharge from the wastewater treatment plant itself. Although it was known that leakages and storm water overflows also contributed significantly to the total pollution from urban wastewater, the lack of evaluation tools and the administrative measures to enforce it has reinforced this practice. However, there is now serious concern about this issue and efforts to consider the total pollution loads from urban wastewater, including leakage and storm water, are addressed. 





The availability of water quality and quantity measuring instruments, simulation software for water mass and quality transport in sewers, and models for wastewater treatment processes have increased the motivation among administrators, researchers and municipalities to work on these issues.





During the last three years there have been three projects in Norway which investigate the possibility to evaluate the total pollution loads and to optimise the sewers and the treatment plant simultaneously considering the interactions between them. The projects have been completed successfully, although it is necessary to do full scale implementations before final evaluations are made.





Research needs


Further use of water quality parameters in water transport models


Verification studies on wastewater treatment plant simulations to adapt the local conditions to universal models


Further development of simulation programs and models for chemical coagulation processes, a process, which the majority of plants in Norway has. Compared with simulation programs for biological processes, the coagulation processes are much less studied and developed at present.  


Development of tools which can communicate between the two types of programs (sewer and treatment plants) so the integrated optimisation can be evaluated. 





Process optimisation of Water and Wastewater Treatment Plants





Today most of the water and wastewater treatment plants in Norway function satisfactory. However, the operational cost of the process, which is often associated with the process optimisation, still remains to be one of the biggest challenges. In chemical treatment plants, solutions have to be found to define the optimal coagulant doses for the variable incoming water quality, while for the biological treatment plants the energy costs related to the aeration is an important saving potential. Additionally, the costs involved in excess sludge production with overdosing of coagulants, poor water qualities resulting in under-dosages influencing the subsequent treatment stages etc. are among other issues where savings may be anticipated. The increasing requirements to produce better-treated wastewater  result in requirements for process optimisation.





In the latter years, NIVA has been engaged in several projects on process optimisation of water and wastewater treatment plants. The coagulant dosing was optimised through using partially deterministic models, black box models and linguistic (fuzzy logic) models. NIVA is also engaged in developing simulation software for a coagulation process in collaboration with the WRc.





Research needs:


Development of conceptual models in coagulation and bio-film processes


Investigation of real-time usage of simulation models to process control


Further studies on usage of linguistic models


Production and verification of robust and accurate real-time water quality measuring instruments


Other process optimisation methods





Function of sewer systems	





One of the greatest problems with urban water management in Norway is too much water in the combined sewer systems. This originates mostly from storm runoff, which is connected to the pipe network. Effects of this are too high hydraulic loads on the wastewater treatment plants, flooding of basements and too much pollution in storm sewer overflows (CSO). 





Research needs:


The best methods for disconnecting storm runoff from existing combined sewer systems. Define when it is appropriate to infiltrate this water or to use it as a mean to enhance parks with open dams and waterways for recreation and to the benefit of the flora and fauna.


The origins, effects and amount of micropollutants in storm runoff. Find the most cost/effective ways of reducing this problem.


The cost/effectiveness of different measures to reduce the combined sewer overflows. (Bearing in mind that resuspension of pipe sediments is a great part of the problem).


Investigate to what extent leakage from drinking water pipes is part of the problem. Analyse whether reduction of water pipe leakage is a cost/effective measure for solving problems in the sewerage systems as well.


Use a holistic view of WWTPs, the network, the catchment and the recipient to solve the problems of UWM.


A research project in the Municipality of Oslo is currently addressing the disconnection of storm runoff from the combined sewer system.





Sustainable Wastewater Management





The Norwegian Government and the Parliament have decided that the Norwegian society shall become more sustainable. This implicates that the urban water management also must become more sustainable. In addition to the former criteria of effect and costs, we must also consider resources, energy and global problems as important factors. LCA or EIA may be used as a basis to evaluate the sustainability of the water systems. The right choice of criteria is of paramount importance. Out of perhaps more than 50-100 possible criteria only some is necessary to choose for a certain situation. To obtain a meaningful analysis it is also necessary to allocate weights to each single criterion, so that a systems sustainability index may be calculated and compared to other competing infrastructure systems.





The University of Agriculture and JORDFORSK have recently finished a 5-year and EURO 5 million program for nature based sewerage treatment. The University is participating in COST C8 "Sustainable Infrastructure" together with 15 other countries and also investigating methods for calculation of sustainability of a storm runoff project, together with the Municipality of Oslo.    





Research needs:


Investigate what criteria should be chosen for sustainability analyses.


Investigate methods for weighting of the criteria.


Investigate the steps which best brings existing conventional systems fastest and cheapest towards better sustainability.


Develop and design new systems which yields better sustainability than the old ones
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