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Pilot 

Test location Duitsland  

Project Apeldoorn
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Apeldoorn vulnerable for flooding
wateroverlast  overstroming



Aerfit LIFE 15 CCA/NL/000528-9-2021

Kennismaking water- en rioolbeheer Apeldoorn
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water en bodem (wordt) sturend
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74 mm in 1 hour

Model with surface runoff (AHN 3), Linked to sewer and surface 

water system in the city

Waterbom 140 mm in 2 hours

Model with surface runoff (AHN 3)

Dark green is >50cm water
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https://klimaatadaptatienederland.nl/actueel/actueel/interviews/wadi

/

https://hwzi.nl/

https://duurzaam.heemskerk.nl/water-en-

groen/water-opvangen-onder-de-weg

https://www.aquafin.be/nl-be/gemeenten-en-steden/projecten-met-

regenwater/wateroverlast-voorkomen/soorten-wateroverlast

https://www.holtensnieuws.nl/subsidie-voor-eigen-opvang-

regenwater/

https://mosgroen-infographics.nl/klimaatproeftuin

Decoupling in varying forms
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Run off dirt e.o. particles
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Goals of the project

• Succesful demonstration of the FHVI technique 

irt prevention from pluvial flooding

• Target to effectivley deal with a T10/bui10/36mm 

event wit a peak intensity of 210 l/sec*ha. 

• Resillience to spills (demonstration of ecological 

benefits)

• Provide a blue print facilitating rapid 

replication and transferability 

End of project: Q1 2024
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‘west stide’ of Apeldoorn suitable 

for FHVI

> 6 hectares 

decoupled via FHVI’s 

(>150 sites)



Aerfit LIFE 15 CCA/NL/000528-9-2021

Design at streetlevel
Slope road >5 promille

Flow via gutters

Slope road <5 promille

In combination with infiltration sewer

8/11/23

1 system = 400m2 / FHVI, if flow is 5-10m3/h or higher

Discharge 3,5-5m2/h: 2xFHVI per system

Flow <3,5 m3 = no go 
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Planning
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trust in pre-filters: scale up

invention rainwater defouling recipe (HWZI)

Improvement of first pre-filter:

- maintenance

- not ‘foul prove’

Start installation 2nd filter type

monitoring

Start stand alone project 

due to long e leadtime and corona

8/11/23

Tenderings

dessimination and reporting

‘geen druppel de straat uit’
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Monitoring

Parameters

1. Rainfall and events (radar and crosscheck 

two sites with pluvial sensor)

1. The level of water in the pre-filter: 

• Indication for water on streetlevel

2. The (ground-)water level in the FHVI

3. Water quality in the FHVI

4. Maintenance sequence of pre-filters

8/11/23
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Water quality

Two types of quality

1. Particles which can block the possibility of infiltration.

2. Substances which can pollute the groundwater.

8/11/23
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Which factors impact the loss of 
infiltration capacity?
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The number of particles in the system 
is related to the unpaved roadside’s

Voshuizen te Lieren

• Sand flows directly into street gully

• Maintenance conducted once a year
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The number of particles in 
the system is influenced by 

the quantity of trees

Hoenderloseweg te Ugchelen

• Leaves from trees 

• Tree algae and other microorganism
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The number of particles 
in the system is 

influenced by the paved  
surface

Hoenderloseweg in Ugchelen

• More paved surface equals 
more rainwater

• This also means more 
particles will reach the FHVI
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Types of prefiltration

WavinApeldoorn
• Filter: 450 µm
• Discharge pipe at the 

top
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Types of prefiltration

HWZI
• Gravel = filter

• Drain with cloth: 

450 µm ‘safety 

slot’. 

• Discharge pipe at 

the bottom 
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Water quality (results)

Two types of quality

1. Particles which block the possibility of infiltration.

2. Substances which can pollute the groundwater.

1. Preventing blockage

Using pre-filtration necessary to guaranty infiltration capacity of FHVI

0,00

200,00

400,00

600,00

800,00

1000,00

1200,00

1400,00

1600,00

1800,00

Onopgeloste bestanddelen mg/l

C
o

n
ce

n
tr

at
ie

 in
 m

g/
l

Concentraties per stof voor (blauw) en na (oranje) de HWZI

25 - Zwaansprengweg 9 (kolk) 22-12-2022 25 - Zwaansprengweg 9 (DSI) 22-12-2022

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

40,00

45,00

50,00

Onopgeloste bestanddelen mg/l

C
o

n
ce

n
tr

at
ie

 in
 m

g/
l

Concentraties per stof voor (blauw) en na (oranje) de HWZI

92 - Hagenweg 7 (kolk) 22-12-2022 92 - Hagenweg 7 (DSI) 22-12-2022

0,00

50,00

100,00

150,00

200,00

250,00

300,00

350,00

Onopgeloste bestanddelen mg/l

C
o

n
ce

n
tr

at
ie

 in
 m

g/
l

Concentraties per stof voor (blauw) en na (oranje) de HWZI

100 - Brouwersweg 383 (kolk) 26-01-2023 100 - Brouwersweg 383 (DSI) 26-01-2023

Undissolved components 

Zwaansprengweg Hagenweg Brouwersweg



Aerfit LIFE 15 CCA/NL/000528-9-2021

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

92 - Hagenweg 7 (kolk) 22-12-2022

92 - Hagenweg 7 (DSI) 22-12-2022

8/11/23

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

92 - Hagenweg 7 (kolk) 22-12-2022

92 - Hagenweg 7 (DSI) 22-12-2022



Aerfit LIFE 15 CCA/NL/000528-9-2021

0,00

50,00

100,00

150,00

200,00

250,00

300,00

350,00

400,00

450,00

500,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

92 - Hagenweg 7 (kolk) 26-01-2023

92 - Hagenweg 7 (DSI) 26-01-2023

0,00

50,00

100,00

150,00

200,00

250,00

300,00

350,00

400,00

450,00

500,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

92 - Hagenweg 7 (kolk) 26-01-2023

92 - Hagenweg 7 (DSI) 26-01-2023

8/11/23

Double check!



Aerfit LIFE 15 CCA/NL/000528-9-2021

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

160,00

180,00

200,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

100 - Brouwersweg 383 (kolk) 22-12-2022

100 - Brouwersweg 383 (DSI) 22-12-2022

8/11/23

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

160,00

180,00

200,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

100 - Brouwersweg 383 (kolk) 22-12-2022

100 - Brouwersweg 383 (DSI) 22-12-2022



Aerfit LIFE 15 CCA/NL/000528-9-2021

0,00

50,00

100,00

150,00

200,00

250,00

300,00

350,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

100 - Brouwersweg 383 (kolk) 26-01-2023

100 - Brouwersweg 383 (DSI) 26-01-2023

8/11/23

0,00

50,00

100,00

150,00

200,00

250,00

300,00

350,00

Onop
ge

lo
ste

 be
sta

ndd
el

en
 m

g/
l

Bar
iu

m
 (B

a)

Cad
m

iu
m

 (C
d)

Kob
al

t (
Co)

Kop
er (

Cu
)

Kwik 
(H

g)

Lo
od

 (P
b)

M
ol

yb
deen

 (M
o)

Nikk
el (N

i)

Zin
k (

Zn
)

Ben
ze

en

To
lu

ee
n

1,1-
Dich

lo
orp

ro
pa

an

1,2-
Dich

lo
orp

ro
pa

an

1,3-
Dich

lo
orp

ro
pa

an

Tr
ibr

oom
m

eth
aa

n (b
ro

m
ofo

rm
)

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C40

Koo
lw

at
er

sto
ffr

ac
tie

 C
10-

C12

Koo
lw

at
er

sto
ffr

ac
tie

 C
12-

C16

Koo
lw

at
er

sto
ffr

ac
tie

 C
16-

C20

Koo
lw

at
er

sto
ffr

ac
tie

 C
20-

C24

Koo
lw

at
er

sto
ffr

ac
tie

 C
24-

C28

Koo
lw

at
er

sto
ffr

ac
tie

 C
28-

C32

Koo
lw

at
er

sto
ffr

ac
tie

 C
32-

C36

Koo
lw

at
er

sto
ffr

ac
tie

 C
36-

C40

C
o

n
ce

n
tr

at
ie

 in
 u

g/
l (

te
n

zi
j a

n
d

er
s 

aa
n

ge
ge

ve
n

 -
m

g/
l)

Concentraties per stof voor (blauw) en na (oranje) de HWZI

100 - Brouwersweg 383 (kolk) 26-01-2023

100 - Brouwersweg 383 (DSI) 26-01-2023

Double check!
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Conclusions
Two types of quality

1. Particles which block the possibility of infiltration.

2. Substances which can pollute the groundwater.

1. Preventing blockage

• When installing the HWZI as a prefiltration, FHVI will keep its infilration capacity. 

• The HWZI protects the infiltration-system and moves the risks of blockage to a 

location which is easier to access. Footnote: the HWZI seems (relatively) not vulnerable for
blockage.

8/11/23



Aerfit LIFE 15 CCA/NL/000528-9-2021

Conclusions

Two types of quality

1. Particles which block the possibility of infiltration.

2. Substances which can pollute the groundwater.

2. Preventing pollution

• The quality of the water after the HWZI never exceeds the intervention values, which

are used for remdiation of groundwater or to determin if remediation is neccesary.  

• More research is needed and maybe additional monitoring methods.

• It seems that HWZI acts as a soil passage. But easy to access and to clean. Without causing 
soil pollution. 

• Additional purification methods will be tested. Like adding biochar to the sand and gravel 
mix in the HWZI.

• Footnote: almost every infiltration method has currently the potential to pollute.

“HWZI is more a recipe than a product”
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After LIFE

Extra testing and monitoring water quality 

• Type of filtermedium of influence on lifespan of the FHVI?

• Effectiveness other filtermedia of influnece on water quality?

Hybrid sollutions for FHVI and/or HWZI

• FHVI as emergancy overflow with traditional solutions

• HWZI in combination with horizontal infiltration

• HWZI to defoul water from rainwater sewage system with runoff to surface water

8/11/23
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