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The HYDR'EPUR® System
Nature-based solution for runoff and CSO

20 references in France

Aeration Removal Concentration
efficiency (%) | out (mg/L)

Rain event DCO 60 50
storage area  \;gs 90 20

Rainwater/
CSO inlet

Organic deposit
Geomembrane

Water level and
. flow regulation 1 Permanent _ | Filtration layer
manhole IR water level Drainage layer  Transition layer https://ecobird.fr/
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The Life ADSORB project

https://life-adsorb.eu/fr/site

Q Main objectives

— Demonstrate the applicability of a treatment wetland to effectively reduce pollutant
loads (TSS, metallic and organic micropollutants) from runoff water in a natural area

— Better understanding and identification of mechanisms and parameters influencing
water flow, transport and fate of micropollutants = optimize design and operational

Q How can modelling contribute ?
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The Life ADSORB experimental site, in Paris
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. Stored water sent by pumps to the treatment wetlands

. The water reaches the filters and passes through them

@ The overflow from the pond is directed towards another storm overflow

@) The treated water flows back into the river Seine | y i\ ELOPPEMENT




The treatment wetland pilots #

Q 2 pilot TWs of 600 m?
Q Treatment of runoff water; Metallic and organic micropollutants

Q Similar configuration (100 m long, 1 m deep) and operation
Alternation every month

Q Transition layer (10 cm) + drainage layer (50 cm)

Q Single difference between the two pilots:
composition the filtering layer

“ - . il TW1: only sand (40 cm)

TW2: layer of specific adsorbent L ”

. . Filtering , Transitipn
material (micropollutants, layer ig layer (wjth
Rainclean®, 20 cm) between two Drainage O —cerop
layers of sand (10 cm each) \ ayer T || .

pecific

II Waterproof rain _
Gravel geotextile Saan adsorbent media
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The treatment wetland pilots

llDry

~ Feeding volume (m?3/d)

Inlet flow rate (L/s)

Q 1 single feeding point/pilot at one extremity;
I Treated water outlet at the opposite

I Q Outlet: throttle outflow at 30 cm: saturated layer and
flow control
)

N

Wet weather

weather”

2 feeding modes :
dry weather /
wet weather
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Mechanistic hydraulic modelling

Conceptual model

Ocm

15 cm Deposit zone

40 cm

70 cm

100 cm
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Mechanistic hydraulic modelling

1m @ * Time-varying boundary condition
Conce ptual model 0cm y RTTAAEF ! — - “Pressure head” when water supply
15 h Deposit zone - “No flow” when no water supply
cm
3 els 40
¢m Boundary conditions
70 cm
1. Surface flow — No flux
(Matlab) 100 cm —— Pressure head
Flux

98m
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Mechanistic hydraulic modelling

im * Time-varying boundary condition

Conceptual model

0cm % RiITAGFF ! — - “Pressure head” when water supply
15 h Deposit zone - “No flow” when no water supply
cm
3 els 40 H H
€m nfiltrati Boundary conditions
iltration
70 cm
1. Surface flow — No flux
(YEYEL)) 100 cm —— Pressure head
Flux
2. Water flow
inside the filter « X
(COMSOL) | 7 - 98m ‘ |
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Mechanistic hydraulic modelling

im @ * Time-varying boundary condition
Conce ptua | model 0cm y RTTAAEF ! — - “Pressure head” when water supply

cm
3 els H H
40 cm

Boundary conditions

1. Surface flow 70.cm — No flux
W EELY)) 100ecmwr | — Pressure head
Flux

2. Water flow
inside the filter
(COMSOL)

3. Drain (Matlab)

Significant pressure
head losses in the drain
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Mechanistic hydraulic modelling

l_rn 2D numerical model (COMSOL Multiphysics®/MATLAB® LivelinkTM)
0. 8!
Conceptual model 0.6
0.47
3 | °-§: @ Water inlet area
els 4
r@ e @ Surface flow area
0.67] = .
08" Deposit area
1. Surface flow ped 3 © _ P _
(Matlab) 12 - @ Filtration area
gl | m| © Drainage area
2. Water flow '2 10 20 30 a0 's0 60 70 '3»0 '90 '
inside the filter < Drain - 81 m .

(COMSOL) 98 m
. . ‘ “Dry weather”

= N ; | Alternation of feeding phases
@"" NN sy Ty (59 min / 33.6 L/s) and
= e drainage phases (165 min)

3. Drain (Matlab)

Significant pressure
head losses in the drain
that cannot be ignored
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Mechanistic hydraulic modelling

Determination of hydraulic parameter values (parametric study)

Parameters Values

N (Manning-Strikler coefficient 0.01 — 0.025 — 0.05 — 0.075

linked to roughness)

K, deposit [m/s] 8.10°-255.104-1.10%-2,5.103
a deposit [1/m] 1-5-9
6. deposit [-] 0.38-0.8

K, filtration zone [m/s]  3.104-8.104-1.10°-2.5.103
a filtration zone [1/m] 1-5-13-17
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Mechanistic hydraulic modelling

Determination of hydraulic parameter values (parametric study)

Adjustment to the values of : .
o Outflow rates
o Water level (Upstream / Middle / Downstream) . i
TW?2 ® Flow measurement g ¢

Water level measurement i

S v, “ - ~ s" 3 \
= N, \ e i O R, { 0
: - \ = 0.0 0.5 1.0 1.5 2.0
\\\ \ \ N

Time (day)

¢ Downstream « Middle ¢+ Upstream

______

o
©

Water level (m)
o
o

o
@

mai 16 mai 17 mai 18 mai 19 mai 20

Date
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Mechanistic hydraulic modelling

Results — Changes in water content
Alternation of feeding phases (59 minutes / 33.6 L/s) and drainage phases (165 minutes)

Time=0 min .
n ] Wa[’:ir content N =0.075
’r l ' K, filter = 2.5.103 m/s
il N P a filter =1 m?
1r I ' K, deposit = 2.5. 103
— 0.5f , - m/s
= ol Deposit zone | {03 aée osit = 1 m-1L
oy Filtration zone POSIt =
C05F ] - B, deposit = 0.38
20 Drainage zone 1 0.25
v -1
I
1.5¢ 0.2
s
2.5r 0.15
-3
3.5¢ I I I I I L] 0.1
0 20 40 60 80 m

 CCOBIRD

£ ) BUREAU D'INGENIERIE
7' RECHERCHE & DEVELOPPEMENT

Length (m)



Mechanistic hydraulic modelling

Results — Outflow rate and water level inside the filter — First batch

® Upstream - Measured  ® Middle - Measured e Downstream - Measured
10

0.8
8 8 08 -f_-'-‘.
= 3 ¥, E07 .,-'- .-‘""-_ n=0.075
2 g ¢ ERa Pl filter = -3
@ : § Sos { £ e, K filter =2.5.10° m/s
% N : £00 a filter =1 m!
+ 0.3
2. 02 K, deposit = 2.5. 103
/ E m/s
0 0
‘ . " fime (min) ’ ® Time (min) “»  adeposit=1m"
o .
B, deposit = 0.38
19l 0.75r — Downstream | |
:g: 0.7 = Middle
O 26+ 1~ 065 —— Upstream
Q 5 A 18 -
+ 4 22 1 5 06
(qo] o 201 1 p
= s —lnlet 7 2 055
> > o |—0utletj 0
E 2 12f 13 0.5
o— S5 1or @
R S 2 o045
o 4k 0.4}
2,
ot | : ‘ ‘ ] 0.35¢ o
s ] eC0OBIRD
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Mechanistic hydraulic modelling

/
\

Results — Outflow rate and water level inside the filter — First batch

® Upstream - Measured  ® Middle - Measured  ® Downstream - Measured

10
B n=0.075
: o)
8 . 0.8 _..-- d K filter = 03 1

O v 7t —~  0.65f = P
Q 3 £
+ U] 6r ] 0.6
© © 5
e - 5t 0.55f
- 2 o
E = at 5 0.5}
| (0]
® — Q %]
7a) g 3t £ o045t
-, 2t 0.4+
1
o
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Mechanistic hydraulic modelling

im * Time-varying boundary condition

Conceptual model

0cm % RiITAGFF ! — - “Pressure head” when water supply
h - “No flow” when no water supply
15cm
3 els 40
«m ) : Boundary conditions
20 em Infiltration
1. Surface flow one — No flux
(Matlab) 100 cm —— Pressure head

Flux
2. Water flow

inside the filter
(COMSOL)

3. Drain {iviat!ab)
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Mechanistic hydraulic modelling

im @ * Time-varying boundary condition
Conce ptua | model 0cm y RTTAAEF ! — - “Pressure head” when water supply

15 Deposit - “No flow” when no water supply
cm
3 els H H

40 cm

Boundary conditions

0.em Infiltration
1. Surface flow — No flux
(Matlab) 100 cm —— Pressure head
4 > Flux

2. Water flow 98 m

inside the filter
(COMSOL)

3. Torricelli's
formula (Matlab)
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Mechanistic hydraulic modelling

Results — Changes in water content
Alternation of feeding phases (59 minutes / 33.6 L/s) and drainage phases (165 minutes)

Time=0 min W 2
ater content N =0.075
L i 0.38 )
K, filter = 2.5.103 m/s
15 06 a filter = 1 m
1} y K, deposit = 2.5. 1073
€ T Deposit zone | e m/s
= _ o deposit =1 m*
sl : 1 Fq032 B, deposit = 0.38
a0
o C1lf |
I L { 0.3
-1.5
2k
0.28
-2.5
e . 0.26
-3.5 1 ! ! L ' o
0 20 40 60 a0 m
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Mechanistic hydraulic modelling

Results — Outflow rate and water level inside the filter — First batch

¢ Measured A Simulated e Upstream - Measured e Middle - Measured * Downstream - Measured
—Upstream - Simulated  —Mliddle - Simulated —Downstream - Simulated
1
10
0.9
g .08
- £
n - 0.7
s %o
L6 & Q -
e s = 0.5
3 $ g
2, . = 04
] *
8 : 0.3
2 4 0.2
0.1
0 0
0 50 100 150 200 0 50 100 150 200

Time (min) Temps (min)

Even if the absolute values are not exactly reproduced,

the dynamics are represented
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The surrogate model

* Problem: calculation code representative of the complexity of the system but costly
in terms of calculation time

* Solution 1: simplifying assumptions are made to build a faster model while ensuring
that it does not deviate too much from the original model

* Solution 2: model variables are explored in space: input conditions, initial conditions
and operating parameters = a ‘regression’ model is fitted to the model outputs

CoutA

Surrogate
model \

Example in 1 D, with a single
input variable that varies

\

Points obtained using
the ‘time-consuming’
model

Cin
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Conclusions

Q With the 2D model: we know which parts of the filter are solicited by the flow and
therefore where the micropollutants will be retained

Q The problem with this approach: a calculation code representative of the complexity
of the system BUT costly in terms of calculation time (! Long term)

Q To be continued: construction of the surrogate model and modelling of the removal of
micropollutants by adsorption and biodegradation

Q This approach will facilitate the design of TWs that treat the micropollutants
contained in stormwater and CSO
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