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The Waterharmonica:  
 

filling the gap between emissions and water system 
a tool to convert used water into surface water 
a challenge to reuse and integrate wastewater 



Sewage  
from households 

Combined collection 
•sewerage systems 
•sewage treatment 

Discharge of treated  
wastewater into 

receiving  
water bodies 

Conventional  
wastewater treatment 

Characteristics 
 
- Expensive in construction 
 Relatively cheap in exploitation  
 Large scale experiences 
 Proven approach 
 Useable for rainwater discharge in urban areas 
- Sustainability: leakage, storm water discharge 



Why effluent is not yet surface water 

• Low oxygen content 
• High number bacteria and microorganisms 
• High nutrient load 
• Unknown polluting substances 
• Periodically discharges of active sludge 
• Biological life quite different from surface waters 
• Mixing zone with clear influence of effluent 



This presentation 

• Water management in The Netherlands 
• Introduction to the Waterharmonica 
• Constructed wetland and kwekelbaarsjes 
 at Texel 
• Some other Dutch examples 
• Conclusions and perspective 



National policy plans related to water 
quality goals and standards 

• 1970 Pollution of Surface Waters Act 
• 1975 First Water Action Programme ’75-’79 
• 1981 Second Water Action Programme ’80-’84 
• 1985 Third Water Action Programme ’85-’89 
• 1989 Third Policy Plan of Water Management (NW3) 
• 1994 Evaluation of the Policy plan of 1989 (ENW) 
• 1998 Fourth Policy Plan of Water Management (NW4) 
• 2000 Water Policy in the 21th century (WB21) 
• 2000 EU Water Framework Directive 
• 2009 Catchment management plan 
• 2015 Realising the Good Ecological Status or GEP 

 
 



Emissions

reduction discharges

black lists
pollutants

best available techniques
most feasible techniques

legislation
control master plan

consensus
involvement

action programmes / regulations general directives

quality standards

aquatic ecosystems

Surface waters

water systems

integrated water management

Differences in (separated) strategies 
Emission approach – Water quality approach 



production of polluting substances 

discharges of polluted water 

point sources diffuse sources direct flows 

untreated 
wastewater 

effluent 
of  wwtp 

sewerage 
overflow 

rainwater 
overflow 

shipping bank 
construction 

soil 
groundwater 

precepitation transboundary 
rivers 

leads to water system, influencing surface water quality 



Schematic effect of 
discharges of 
wastewater  
 
 
A  physical – chemical 

 

B nutrients 

 

C micro-organisms 

 

D macro-organisms 

Distance from discharge 



Maximum percentage of effluent 
from WWTP Drachten and 
contribution to Lake Leijen 
nutrient concentrations 
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 effects 

The law of diminishing returns 

 efforts /  expenditure  
 

2005 

both treatment and 
water quality 

more efforts → less effects 



Combined approach 
water pollution control and surface 

water quality management 
• Functions and water quality standards 
• Standards are not yet fulfilled 
• “Effluent receiving waters” 
• Combined approach: separated 

strategies 
• Increasing charges 
• Increasing demands for effluents 
• EU-WFD: further improvement needed 
 
 

 
 
 



This presentation 

• Water management in The Netherlands 
• Introduction to the Waterharmonica 
• Constructed wetland and kwekelbaarsjes 
 at Texel 
• Some other Dutch examples 
• Conclusions and perspective 
 



Waterharmonica as linkage-system 

Emission  
approach 

Water 
quality 

approach 

Discharge 
of effluent 

Surface 
water 

accordion, concertina, harmonic corridor  



Wastewater  
from households 

Combined collection 
•sewerage systems 
•sewage treatment 

‘Surface water quality’  
discharged into 

receiving  
water bodies 

Waterharmonica 



Waterharmonica winning idea in 1996: 
Twenty-five years of the Dutch Foundation 

for Applied Water Research (STOWA) 
STOWA project 2003-2004: research and implementation 

 
- The Waterharmonica; the natural link between Water chain and Water 

system (in Dutch) 
- Waterharmonica in the developing world; conversion of treated 

wastewater into a natural resource through eco-engineered linking 
systems 

 
Closing the nutrient cycle why and how; a way to reduce wastewater problems in Nepal 

(Kathmandu,Workshop 2-13 Nov. 1998) 

Increasing the natural values of treated wastewater (Tenerife, 2-4 April 2003; Estonia 29 Sep. – 2 
Oct. 2003) 

Use of the Waterharmonica for conversion of treated wastewater into a natural resource 
in the developing world (Cambridge Mass., 30 Oct.- 2 Nov. 2003) 

Long term environmental benefits of effluent polishing through constructed wetlands 
(Thessaloniki, Greece, 11/12 March 2004) 

The Waterharmonica: the link between treated wastewater and surface water 
 (INTECOL International Wetland Conferential Utrecht, The Netherlands, 29th July 2004) 

 

 



production of polluting substances 

waterharmonica 

discharges of polluted water 

point sources diffuse sources direct flows 

untreated 
wastewater 

effluent 
of wwtp 

sewerage 
overflow 

rainwater 
overflow 

shipping bank 
construction 

soil 
groundwater 

precepitation transboundary 
rivers 

decreasing loads to water system, less  influencing surface water quality 

reuse 



 
 
 

Waterharmonica 

Distance from discharge 

Schematic effect of 
discharges of 
wastewater  
 
 
A  physical – chemical 

 

B nutrients 

 

C micro-organisms 

 

D macro-organisms 

 

Emission 

 

Water  
quality 



Objectives, quality standards and 
secondary effluent concentrations 

parameter MPC NC Effluent 
standards 

STOWA 
manual 

WWTPs 
Friesland 

Surface water 

Quality standards Effluent values 

Total P (mg/l) 0.15 0.08 1 (large) 
2 (small) 

0.5 - 2 1.3 

Total N (mg/l) 2.2 1.5 10 (large) 
15 (small) 

4.5 – 7.5 9.0 

Suspended 
solids (mg/l) 

(30) 30 2 – 10 10.3 

BOD (mgO2/l) (5) 10 
20 

2.7 – 4.5 4.9 

COD (mgO2/l) 125 25 - 45 47 



Characteristics of the 
Waterharmonica linkage-system  

• Policy  space for possibilities, chances for  
   ideas 

• Objective  interweaving, multifunctional 
• Theme  mitigate, connect, soften, cultivate 
• Technology technologically simple, ecologically  

   well-thought 
• Attainability large, small-scale 
• Sustainability large, self supporting, less energy  

   consuming, verifiable 
• Environmental  
 pressure  low, recycling 
• Resources  reanimated water, supporting food chain 



Waterharmonica as linkage-system 

Discharge 
of effluent 

Surface 
water 

•Ecology 
•Natural 
•Green 
•Water, sediment and banks 
•Sun energy 
•Reuses 
•Resources 
•Manage 
 
 
 

 
 
 
 

•Technology 
•Artificial 
•Concrete 
•Pumps and pipes 
•Fossil fuel 
•Discharges 
•Wastewater 
•Control 
 
 
 

Ecological engineering 



Waterharmonica examples 
of linkage-systems 

• Over-dimensioning of watercourses 
• Artificial shorelines 
• Buffer zones, bank filtration 
• Cascades 
• Filtering systems, sewage farms 
• Constructed wetlands 
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This presentation 

• Water management in The Netherlands 
• Introduction to the Waterharmonica 
• Constructed wetland and 

kwekelbaarsjes at Texel 
• Some other Dutch examples 
• Conclusions and perspective 



Effluent use at the island 

Brackish nature 

Diversion for 
agriculture 



Aerial view WWTP Everstekoog 

discharge ditch 
to polder 

presettling basin 

nine parallel ditches  
with reed/cattail  

and aquatic plants 

wastewater  
treatment plant 



Everstekoog  
 

on the island Texel 



Constructed wetland 

l a constructed, optimised water system  
 

A constructed wetland to make “living water” from 
treated wastewater 

l works on solar energy 

– helophytes: reed, cattail, bulrush  
– (submerged) water plants 
– plants on the banks 
– sediments 
– algae, Daphnia, etc 



From wastewater to surfacewater 

•WWTP Oxidation Ditch  
•Constructed wetland 
•Surface water 
 

Basis for STOWA manual clearing wetlands (2001) 

Research project 
1995 - 1999 



Day 1996

settling basin

end of ditch

mg O2/l
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After constructed wetland 
‘different water’ 

• Natural oxygen regime 
 

• Less sludge particles lead to disinfection 

• No odour 

• More but different suspended solids 

• Living water: 
 

 
• algae, Daphnia 

• birds 

 

• fishes 
• all kind of aquatic life 



Fish in the Everstekoog 
constructed wetland 

– but only after 3 days retention time  

 – after 10 days a lot of fish  
  

• in first pond no fish 
 

  up  to 15 Sticklebacks per m2 
 

• fish in ditches: 



 “Kwekelbaarsjes” 
Gricklebacks 

growing Daphnia on treated wastewater 
of the WWTP 

 as food for Spoonbills 
(Platalea leucordia) 

to grow Sticklebacks 



Learning the process by doing 
 well treated wastewater 

 can be a good source of life 

ê  can we / we can grow biomass for nature 
on the treated wastewater 
 

-Algae 
-Daphnia 
-Fish 
-Birds 

 



Reuse and integration with other functions 

• Groundwater recharge 
• Reduction of salt water intrusion 
• Agricultural irrigation 
• Landscaping and recreation supplies 
• Various industrial uses 
• Water supply to natural habitats and nature 

development 
• Plant and animal biomass production 

 
From wastewater to resource 



This presentation 

• Water management in The Netherlands 
• Introduction to the Waterharmonica 
• Constructed wetland and kwekelbaarsjes at 

Texel 
• Some other Dutch examples 
• Conclusions and perspective 



Existing 
•Elburg  

 

•Everstekoog  

•Land van Cuijk 

•Sint Maartensdijk 

•Waterpark Groote Beerze 

•Klaterwater Efteling 
 
 

 

NB: Elburg no longer in function because of 
great natural value of the old reed bed 
 



WWTP Land van Cuijk, 
Waterboard De Maaskant 

 



STP Hapert  De Dommel 

Water park Groote Beerze 



Impressions of Waterpark De Groote 
Beerze, Hapert 

Meander of lowland stream Inflow into pond 

Reed bed Marsh woodland 



New initiatives 
•Enlargement Everstekoog  
•(+ De Cocksdorp?) 
•Wervershoof 
•Geestmerambacht (13 ha) 
 

•Grou  
•Ameland 
•Ootmarsum 
•Gieten 
•Apeldoorn 
•Arnhem 
•Kerkwerve 
 

•In study: Horstermeer 
 

? 



WWTP Apeldoorn, Waterpark Schoonbroek 

ponds with submerged 
waterplants 

ponds with 
reed banks 

ditches infiltration 
field 

presettling 
basin 

 
 
 
 
 

Facts 
•Capacity 340,000 p.e. 
•DWD 3000 m3/h; max. 12,000 m3/h 
•Sewerage overflow 
 

Design 
•Presettlement bassin 7 ha 
•Infiltration field 7 ha 
•Ditches 15 ha; retention time 1 day 
•Total pilot area 200 ha 
 

Objectives 
•Polishing of effluent 
•Development of natue and scenery 
•Recreation 
 

 
 

 
 



  

Wetlands ditches each 1500m2( 15m:100m)  
 
Presettling basin           Discharge ditch 
2000m2   (20m:100m)                2000m2 (20m:100m)                                                                                                                                     
 
                                                  summer effluent 
                                                    3000-4000m2/day                                                                                             
 
 
 
 
                                                    winter effluent  
                                                     1000 m2/day 
 
 
             Total 1 ha 
            Treatment wetlands 
             (Stage one) 
 
                                                                                 
     
 
 

  1500m2 

1500m2 

1500m2 

1500m2 

Waste  
water  
treatm
ent 
plant 

 
 
 
 
 
 
 

Enhancement wetland 
(stage two) 
Total 3 ha 

Outlet 
  

 

 
Infiltration 

Dischar
ge ditch 

Infiltrat
ion 

Outlet 

Wastew
ater 
treatme
nt plant 

Presettli
ng 
basin 

Four 
wetland 
ditches 
 0.2 m 
deep 

 
 
 
 
 
Enhanc
ement 
wetland  

WWTP island of Ameland 

amounts in 1000 m3 year winter summer 
groundwater total used 558 142 416 
groundwater from island 199   
groundwater from mainland 359   
WWTP effluent 836 292 544 
Effluent/groundwater 1.5 2.1 1.3 
 



Waterharmonica WWTP Grou 

– Effluent polishing 

– Make effluent suitable for fish 

– Spawning area for fish (Pike) 

– Attractive natural water 

– Fringe wetland for main water system, 

increasing storage capacity 

– Recreation 



Facts of wwtp Grou 
• Carrousel (1984) 
• Design capacity 18.000 p.e. (BOD) 
• Hydraulic load 4050 m3/d (was 750) 
• Aeration tank 3760 m3 

• Effluent quality (2003) 
– BOD 5.5 (97%);  
– COD 53 mg/l (90%) 
– Kj-N 5.8 (88%); NH4 3.7; NO3-N 2.2 mg/l 
– PO4-P 1.3 mg/l (83%) 
– Suspended matter 9.5 mg/l 

 
 



Areal view of Aqualân Grou 

1,1 ha 
1,1 ha 



Diagram and drawings of CW at 
Grou Aqualân 



Some details of Aqualân Grou 
Average flow 3500 m3/d 
Surface area 11,000 m2 

Average load 0.1 m/d 
Presettling tanks HRT 3 d 

Ditches HRT 2 d 
Flow 25% of effluent 



Combination with Pike stocking area 

Pike-Roach 

Bream-Pike perch Managed fringe wetlands as spawning area 

Pike 



This presentation 

• Water management in The Netherlands 
• Introduction to the Waterharmonica 
• Constructed wetland and kwekelbaarsjes 
 at Texel 
• Some other Dutch examples 
• Conclusions and perspective 



From the Texel experiences 

• Learning the processes by doing 
• Resulted in a lot of knowledge and 

ideas 
• Resulted in imitation elsewhere in The 

Netherlands 
• Well treated wastewater can be reused 

and used for nature development 
 
 

 

More sustainable, natural water systems 



The Waterharmonica, as constructed 
wetland, is a promising E-E technique 

• It makes different, living water 
• It realises disinfection 
• It contributes to nutrient removal 
• It supports natural values 
• It stimulates integrated water management 
• It reduces total costs for the emission 

approach and water system improvements 
• It contributes reaching the WFD standards 
 

 



The Waterharmonica 
• Sustainable solution, with concepts of 

ecological engineering 
• Alternative for separate drainage and 

treatment 
• Polishing and uses of treated wastewater 
• Linkage-system between water chain and 

water system 



www.waterharmonica.nl 

Water 
chain 

Water 
system 
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