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waterJnet

Vision en mission
the first company in the Netherlands that combines all water services
responsible for drinking water, waste water, surface water and safety behind the dykes.

Drinking water
Sewerage

Drinking
water

Nature for
drinking
water
production

Border of Water
Authority tasks )

Waternet

Water Authority for 1.2 million people
— in“greater Amsterdam: 700 km?
— dikes, sluices, pumping stations, roads on dikes, etc
— care of surface water system plus ground water
— sewer systems, sewage treatment plants

Drinking water provider:

— for 1.0 million people

— plusindustry

— Includes nature reserves for drinking water storage and production

1700 employees

Around 80 researchers
— Departmentof Watertechnologyis 15 people

waterJnet

produces the source for sewage

e That drinking water:

— is used to transport wastes
— is mixed with rain and groundwater

* This mixture:

— is called waste water
— is a problem and costs a lot of money

Whereto start

the Water Cycle??

From drinking water to a usable surface water?
From tap to source?
Bringing back drinking water into nature?

Waternet CD
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Conclusion of this presentation

e Think in water cycles
— Learn to recognize water circles
— Every disadvantage has its own advantage
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Netherlands: how many liter water
per person per day?

wcC
flushing

washing

cloths 40
28

Feces urine: 1,5 - 2

Shower bath

a7

Kitchen 2

Dishwashing

6 (total 136 | per person per day)

How much??

(liter water per day?)

ushtoilet: 40

} \
lffe Feces urine : 1,5 -2

S, = “black water”

Bron: Adriaan Mels, WUR/LeAf




COD, N and P in separate flows COD,NenP

Gray water Black
Urine

Black
Faeces coD Gray water

COD

N P N P

Source: Adriaan Mels, LeAf faeces 100 % of pathogens Source: Adriaan Mels, LeAf

This presentation Influence of a
wastewater discharge
Introduction:

atemet: the first watercycle company i the Netherlands

e A physical — chemical
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_ Based on Hynes, 1960 The biology of polluted waters

Oxidation ditch

developed in the Netherlands, A. Pasveer 1909 - 2001
« simple
« but still modern

« good effluent

basic idea:

just a normal ditch with an aerator, no sludge retention
only later:

the “race track” shape with activated sludge u

kg BOD per kg d.s. per day

1kg dry sludge/p.e and 250 - 300 I/ p.e. volume




Typical effluent quality
oxidation ditch STP

*BOD: 2-3 mag/l
*NH,: 0.1-1 mag/l
*NO;: 3 mag/l

« Suspended solids: low
Better than many surface waters !!!

But faecal coli: 400 - 800 per ml!

‘t Horntje, Texel

‘t Horntje, Texel

After settling period

Obsolete since 2007

Decanting End of decanting

‘t Horntje, Texel
Results 1991 — 1993 (mg/l)

NH, 10
BOD 28
NO, 18
cop 42
NTOT 4.9

But: Treated wastewater

regional STP’s: water from a large area

influence at effluent discharge:

— sludge particles, flocs

— loose bacteria
— odor, foam

— low O,

“Dead water”, not satisfied with quality

Schematic effect of
discharges of
wastewater

A physical — chemical

B nutrients

C micro-organisms

D macro-organisms

Based on Hynes, 1960 The biology of polluted waters
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European examples
Part 2:

Nepal, Tanzania, Kenya

- Polluter pays???

~ Nomoney for waste water treatment?
Conclusions

The
Waterharmonica:

Bridge between
sewage
treatment
and
surface water

Missing link in Water Management

The natural link between drinking water and surface water: The Waterharmonica:

Based on Hynes, 1960 The biology of polluted waters

From STP via wetland to surface water

1

STP Oxidation Ditch
Constructed wetland
Surface water

A constructed wetland to make a “living water”

from treated waste water

Waterharmonica as linkage-system

. Water
Emission .
quality
approach approach
Discharge Surface
of effluent water

accordion, concertina, harmonic corridor

Planning of a waste water treatment

Water chain Water system

The Waterharmonica:
the natural link between treated waste waterand su  rface water
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Aerial view STP Everstekoog

sewage
treatment plant

presettling basin :‘

9 parallel ditches
with reed/cattail
and aquatic plants

discharge ditch s

Research project
1995 - 1999

Constructed wetland

a constructed, optimised water system

- helophytes: reed, cattall
— (submerged) water plants
— plants on the banks

— sediments

— algae, Daphnia, etc

works on solar energy

A constructed wetland to make a “living water”
from treated waste water

Process technology
constructed wetlands

Oxidation ditch / carrousel:
— like polluted surface water

Constructed wetland for effluent polishing:
— like cleaner surface water

Processes are comparable

— settling, adsorption, (photo katalytic) biofilms, diffusion, growth,
decay, etc.

combination van (bio)procestechnology,
agriculture, biology, etc. %[EccEng-online]

Internatioral Exological EngingeringSociaty

ecological engineering: WWW.IEES.CH

Diurnal oxygen pattern

— 02 - end ditch (mg/l)
= light (lux)

AN
Y

176 177 178 179 180 181 182
Day 1996

Nitrate (mg/l) vs retention time

Just some of the results

Hydraulic retention time (days)

Spring Summer Autumn Winter

11



Log E.Coli (per ml) vs retention time

K-value = -0.3

K-value = -0.8

Hydraulic retention time (days)

Spring Summer Autumn Winter

Nitrogen cycle

Photo
trofic

htp:/fwww.riza.nl/ecopeilbeheer/paginas/rapport_peilbeheer.pdf

After constructed wetland
different water

« Natural oxygen regime

* No odour

* Less sludge particles lead to desinfection
* More, but different suspended solids
 Living water:

« algae, daphnia
« all kind of “waterlife”

« fish
* birds
N — removal in wetlands Everstekoog at
several
EEN hydraulic
.'. retention times
k|
L 4
e

Gebaseerd op Toet, 2003

Nalura] wetlands

N-load kg N/ha.year

Natu_r_al Fertilizers Total N in air
deposition in above 1 ha
30-75 agriculture 80000

400 - 800

Agricultural uptake by
plants
140 - 600

Constructed wetland is
aquafarming to convert nutrients in
biomass..... How much feed in

Waste or used water ??

* \Waste water treatment =
— Clever use of treated water

— Clever use of nutrients

Gebaseerd op Toet, 2003 en www.agriton.nl waste water?
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From wastewater to surface water

1

STP Oxidation Ditch
Constructed wetland

Surface water

A constructed wetland to make a “living water”
from treated waste water

Aqualan Grou

WATERHARMONICASYSTEMS

Existing (constr 1994 -

PLANNED (2000 - 7)
2009)

Ameland

Bergumermeer

Horstermeer and
.- Amstelveen

Berkenwoude

Enschede
-~ Haarlo
Dreumel
--+ Valburg
- Dussen

Den Bosch

Biest-Houtakker

Soerendonk

2010:
subsidised by
Innovation program

Sources: policy plans water authorities
Senter-Novem innovation programme

Aqualan Grou

htp:/A d

tails.asp?id=1-16-31-7-37-04

Aqualan Grou and STP

7

78
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Aqualan Grou

79

Grou Aqualan

not all results !

Similar to
Empuriabrava
, but different
1

Aqualéan Grou: fish species 9 Juli 2008

Fish species Daphnia pond End of reed Fish pond
Baars 9
Blankvoorn 54
Kleine modderkruiper 4
Paling 2
Ruiswoomn 6
Tiendoornige stekelbaars 0 23 1
Zeelt _ _ 5
Brasem 2
Driedoomnige stekelbaars 1
Snoek 3
Giebel 2
Kolblei 2
Rivergrondel 6

Grou: Combination of treatment wetland
and fish spawning

Bream-Pike perch Managed fringe wetlands as spawning areg

Pike-Roach

W aterharmonica Ootmarsum

New hybrid-mbr STP

Activated sludge
plus sandfiltrater

MBR

Waterharmonica
Ootmarsum

Constructed in 2008

-2.9ha
-Maximum 650 m3/h
-HRT 1.4 — 3 days, if possible long

-Goals:
- Ecological values
- Education
-PR

14



W aterharmonica Soerendonk

New Waterharmonica system
« part of landscape reconstruction
plan
« converting treated waste water into
a quality suited for nature
« creating wet nature

«water storage, flood prevention
Project cost 1.859.829

Innovation subsidy 929.915

Waterharmonica

Soerendonk ﬂ

landscape
plan

Waterharmonica

oerendonk
PAWNIMg
/\

/_ The Buulder Aa

T~

Reed
ditches

——\ Daphnia

ponds

Waterharmonic

a Kristalbad
Enschede

New Waterharmonica system

« reconstruction plan 50 ha

« nature-water-landscape-recreatio|

*Project cost 5.055.772

Innovation subsidy 2.527.8

Ready in 2010 ?

This presentation

Introduction:
- Empuriabrava

atemet: the first watercycle company in the Netherlands

ater in Holland
Conclusions of this presentation

Waste water: get the water out of the waste?

Effect of a discharge: biology of polluted surface water

Waterharmonica: The Waterharmonica: the natural link between treated waste water and surface water
Waterharmonica: practical aspects

Biologicalfiltration natural values European Water Framework Directive

Conclusions of this presentation

Some thoughts on Water Chains

Tomorrow: developing world
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STP Everstekoog

sewage
treatment plant

e

9 ditches
with reed/cattail
and aquatic plants

discharge ditch s

Research project

1995 - 1999 www.waterharmonica.nl
Empuriabrava
Daph nia www.waterharmonica.nl
Daphnia
food chains
Empuriabrava
Grou
Everstekoog

www.waterharmonica.nl

Biological filtration by Daphnia

Focus on ponds fed by
well treated effluent

from activated sludge plants

www.waterharmonica.nl

Daphnia — “engineering”

« Length: 0.3-5mm

* Wetweight: 0.5-2mg

« Filtration capability: 2 -4 ml/ind.hour

(1000 Daphnia/l filtrates water 2 - 4 times per hour)

« Size of food particles between 1 - 40 mm

Protein: 60 %

Fat 10 %
Carbohydrates 6 %
C=44%
N=8%
P=14%
Hypothesis
ponds fed with treated
wastewater will become N
green because of algae light
O temperature

Filtration
of Algae

I

size of particles

composition in practice:
~food e Stickleback
ponds turned red with Daphnia, .
* (eco)toxicity which feed on particles in the Spoonbill
nature of the particle water (loose bacteria, small
sludge flocs .
Food chains
every algae that appears is -~
immediately consumed by th (Eco)toxicity
www.waterharmonica.nl ous Daphnig

16



Horstermeer
experiments in effluent upgrading
2005 - 2008

Technica
Ifiltration

Biologica
Ifiltration

www.waterharmonica.nl

effluent

Research on m 2 scale
filtrate 4 x 4 mesocosms:

- 2x4: effluent
- 2x4:filtrated effluent

www.waterharmonica.nl

Equal experiments on three STP’s

Horstermeer

Netherlands
Effluent
Filtrated effluent

Grou
Netherlands
Parallel to ponds

g Empuriabrava
Spain

Parallel to ponds

www.waterharmonica.nl

Not only Daphnia:

Suspended material and bentic algae:
« biological filtration by Daphnia

* mainly Daphnia magna, but also other Cladacera
Attached algae and settled sludge:

« grazing by snails

+Holland: mainly Great pond snail Lymnaea stagnalis

Mesocosms Horstermeer, autumn 2007

www.waterharmonica.nl

Daphnia gallore

Empuriabrava: July 2007

17



Lines a and b: no shade cover

The shade cover

From July 2008

Lines ¢ and d: shade cover

Mesocosms Empuriabrava — rechterdeel met schaduwdoek

18



Research topics in
Waterharmonica systems
» Soluble:
— Nutrients: quite some knowledge already
* Particles:

— What happens with particles from STP?

« Originating from waste water

« Activated sludge flocs, bacteria, pathogens, etc.
— Whatkind of particles are formed?

 Algae, bacteria, pathogens from birds, etc.

Research topics in

Waterharmonica systems

Processes
— Food chai

n approach

« Daphnia filtration
* Role of snails

« Cultivation of algae: trapping nutrients outside growing

season

Biodiversity

« Results from all in same direction: interesting!

Ecotox
Algae!

Just to show
examples of these
measurements by

UDG Physics

Mesocosms:
process optimizing for full scale - 1

Log E.Coli levels (nr/100 ml)

19



Mesocosms:
process optimizing or full scale - 2

Log of Clostridium spores (nr/100
ml) )

Biological
T | filtration leads to
much better
desinfection!!

This presentation

Introduction:
- Empuriabrava
~ Watemet: the frst watercycle company n the Netherlands

~ Waterin Holland
Conclusions of this presentation
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* Conclusions of this presentation

Some thoughts on Water Chains
Tomorrow: developing world

What can we learn from each other

What can we do together .

Constructed
Reed beds nature

Give water
back to
nature

Daphnia

shaded sun sun sun
Daphnia reactor Algae r_eactor Free flow wetlgnd Fish spawning
Biological filtration ~ for nutrient as phototrophic area to meet EU
storage biofilm reactor biodiversity criteria

Conclusion of the first part of this
presentation

* Get the water out of the waste

e Use this in a clever way
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Statement 1: The basis of waste water is drinking water

e That drinking water:
— is used to transport wastes
— is mixed with rain and groundwater
« This mixture:
— is called waste water
— is aproblemand costs a lot of money

¢ Itis a waste to waste waste water because it is
“waste in water”:
— Make the quality good enough for reuse:
« Either direct for reuse
« Orgive it back to nature and use it later

“Producing on demand”

Statement 2: No future without history

» My grandfather used his balck wastes in his
garden

* He knew:
— it was a good fertilizer
—you had to leave the black wastes for over year
— To use peat or saw dust to cover, etc

 But for comfort piped water

Steam mobile with air pump used by Liernur

htp:/www.bronnenuitamsterdam.nliweergave. asp?ID=16 Around 1900

Practical use of Liernur system in:

e Leiden 1200 people; 1870-1915
« Dordrecht 800 people; 1872-1887
¢ Amsterdam 1700 people; 1872-1912

¢ St. Petersburg 22.000 people

* Prague 10.000 soldiers

Liernur: profitable production !!

* manure or “poudrette”
» ammonium sulphate

In Amsterdam profitable from 1897 - 1915 !!

Disappeared:
» Ahead of time?
« Introduction of water closets

« Source separation is very attractive
— Not only ancient examples, but really applicable

— But:
« up to now only on small scale
« expensive when sewer system already exists
« But very, very attractive in the developing world

www.waterharmonica.nl
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Waterharmonica as
alternative for source separation

DESAH/ECOSAN — Use of grey water for irrigation
Separate collectionand reuse
Black/Grey/rainwater ~ —» Useof black water as fertiizer

Waste- and wastewater
from households

Combined collection Wastewater sutace
sewage systems |, treatment Water
Reuse of effluent

Based on Mels, 2004

Waterharmonica

“Surface water quality

Wastewater Combined collection discharged into
—  sewage systems ——» — receiving

from households wsewage treatment

water bodies

Rain water policy in the
Netherlands

Seperated collection
—>| esewagesystems |—»
*sewage treatment

Discharge of treated
waste water into
receiving
water bodies

Waste- and wastewater
from households

NO Rain Water In Sewers

Less sewage, ° .
Lesser rain water outlets NORIS:
-ETC

-ETC

Waterharmonica plus separate sanitation
plus clever sewage management

Combined collection
Waste- and wastewater sewage systems
fromcities Reuse of effluent
Rainwater discharge
Rinsing streets,
arkets, parking places|

Separate collection of industrial wastes
to minimize discharge of toxics
into the food chain.

Products instead of wastes, energy, etc.

Collection of faeces, urine using
DESAH/ECOSAN techniques

Conclusion of this presentation
» Getthe water out of the waste

* Use this in a clever way

Sources

*  www.waternet.nl
« www.waterharmonica.nl/
«  www.rekel.nl/water

Presentations provided by Lluis Sala:

¢ www.cchgi.org

« www.cchgi.org/docs/antwerp 2007/eu-med initiative s ala_et al.pdf
« www.cchgi.org/docs/antwerp 2007/constructed wetland s 014.pdf

22



