N
N

N

HAL

open science

Reduced Models (and control) of in-situ
decontamination of large water resources

Antoine Rousseau, Alain Rapaport

» To cite this version:

Antoine Rousseau, Alain Rapaport. Reduced Models (and control) of in-situ decontamination of large
water resources. Sino-French Conference on Modeling, Mathematical Analysis and Computation,

Chuanju Xu; Alain Miranville, Jun 2017, Xiamen, China. pp.27. hal-02785037

HAL Id: hal-02785037
https://hal.inrae.fr /hal-02785037

Submitted on 4 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - ShareAlike 4.0 International License


https://hal.inrae.fr/hal-02785037
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://hal.archives-ouvertes.fr

Reduced Models (and control) of in-situ
decontamination of large water resources

Antoine ROUSSEAU,
Inria, Team LEMON (Montpellier)

In honor of my "brother in sciences” Claudius
in]ormatiques/mathématiques I M A G

INSTITUT MONTPELLIERAIN , I
ALEXANDER GROTHENDIECK

June 9th, 2017, SFC2MAC, Xiamen

V4

Joint work with Alain Rapaport (INRA)

Antoine ROUSSEAU Decontamination of large water resources SFC2MAC, Xiamen 1/19



Outline

@ Introduction : the Taihu problem
@ A simple ODE model
© A PDE-based model for the lake

@ Back to ODEs
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0 Introduction : the Taihu problem
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Applicative Framework

Polluted Taihu (algae), Yangtze Delta plain, Wuxi, China.

Courtesy Desert Research Institute

Objectives :
@ use a bioreactor to remove pollution from the lake
@ do it as efficiently as possible
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Bioremediation problem

Flow rate Q
=y

Lake

Bioreactor

Biomass

Parameters and unknowns
- V. and Vi the volumes of the resource and bioreactor,
- Xr the biomass concentration in the bioreactor,
- S and Si the pollutant concentrations,

() the biomass growth law,

0 = 0(r) the pump discharge, controlled by the user.
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@ A simple ODE model
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ODE-based model : the ho(gno_qeneous case S, = S.(1)

bioreactor
resource v,
v Q Q
¢ settler
biomass
XR = [.L(SR)XR —g XR,
Vr
S Y
Sk = —u(Sp) Xk  +—=(S.—Sk),
Vi
: 0
= =(S%-S
St VL( R L)v
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ODE-based model : the homogeneous case S, = S;.(¢)
Q

bioreactor

resource
VI'

\' Q Q

¢ settler

biomass
XR = [L(SR)XR *VgXR,

R

Se = —p(Sk) Xe +V2(SL_SR), Chemostat equations :
_ 0 ! J. Monod (1910-1976)
St = < (Sk—5u),

Vi
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ODE-based model : the homogeneous case S, = S;.(¢)

Xg = 1(Sr) Xr —VQXR:
_ QR Slow-fast
St = —pSe) X+ (S Sk), approximation :
S, = V%(s;?—sL), e=Ve/VL < 1

Reference : Gajardo et al, Automatica 2011.
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ODE-based model : the homogeneous case S, = S;.(¢)

Yo = uSHXe 2 X,
. 5 Slow-fast
Sk = —n(Se)Xe 4 -(SL— Sk), approximation :
. = VQ(S;?—SL), e =Ve/VL <1
L

Reference : Gajardo et al, Automatica 2011.
Theorem (case u(X) = puX)

For any Xz(0) > 0 and Sg(0) = S, > 0, our system has a unique global
solution. In addition, there exists a critical flow rate Q. > 0, depending on S,
such that asymptotically :

@ if 0 > Q., then (Sk(s), Xz (s)) converges towards (S,0),
@ if 0 < O < Q., then (Sg(s), Xz (s)) converges towards (Sg°, Xz°) with

0
S = — < §;.
R uvg —7F
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Optimal flow rate for the bioremediation (linear p)
Back to the lake equations...

What is the best flow rate 9 ?
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Optimal flow rate for the bioremediation (linear p)
Back to the lake equations...

. _ Q0,0
SL— VL(IJIVR SL)a
What is the best flow rate 9 ?
V
0(1) = 552,00
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Optimal flow rate for the bioremediation (linear p)
Back to the lake equations...

_9. Q9
e VL(MVR St

What is the best flow rate 9 ?

Best constant Q*

Concentration
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© A PDE-based model for the lake
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The non-homogeneous case : S, = S.(t,x,y)

Flow rate Q
~

»—

Lake

Bioreactor

Biomass

Navier Stokes & transport

equations in the resource .
Boundary conditions

Ou +u-Vu—v,Au+Vp = 0, uin(t) = A x Q(1),
ot
uout (1) = A X Q(1),
Veou =0, B.Con s,
9L 1y VS - usAS, = 0.
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Simulations

0100 ke

0.281 0.637 1.04 \LX
I B

Circular lake : 1 pump
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Comparing models

———EDO Cas homogene
——EDP

1 pump

2 2.5 3 35
a 0232 0616 1

Pollution concentration in the lake
with ODE (black) and PDE (red)
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@ Back to ODEs
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Active and dead zones model

New ODE model
X _ H(SR)X . gX, bioreactor
VRQ v,
SR = —,U(SR)X + V—R(Sl — SR),
. d
5 = Zig- s i)
‘:11 Vl ¢ settler
b, = — (S = S,). .
S2 V2 (Sl 2) biomass
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Active and dead zones model

New ODE model

X = u ( SR) X — g X, bioreactor
VRQ v,
SR = —LL(SR)X T V—R(Sl - SR),
. d
S = g(SR—Sl)—|-—(Sz—Sl),
‘L/il Vl ¢ settler

S, = —(Si— %)

2 V2( ! 2) ) biomass

Existence, uniqueness, optimal control for two zones

Gajardo, Ramirez, Rapaport, Riquelme. Bioremediation of natural water
resources via optimal control techniques.
BIOMAT 2011, 178-190, World Sci. Publ., Hackensack, NJ, 2012.

Vi

and d.
Vi+V,

Two parameters we can play with :
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Comparing models (with A. Rapaport and S. Barbier)

Vi

Optimization on the parameters and d

Vi+ Vs,

gm “;;’2 12
11\ ‘
i \ .
£al |
AR
g \ N\ - 06
Pollution concentration in the lake
1 ODE (black) 0 0.005 0.01 0.015 0.02 .0025 000' 0.035 0.04 0.045 0.05
2 ODEs (blue) Best parameter d vs viscosity vs (dashed blue)
PDE (red) Best meansquare fit (plain red)
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In summary...

Q

e -

\/n.ler
‘sc

biomass

|V>>VR|

bioreactor

Vr

settler

biomass
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Conclusion

The “take home” message is...
@ we have designed a first model and questioned it,
@ we proposed a more complicated (too much ?) one,

@ we took an intermediary model, which seems satisfactory, on which
optimal control can be done.
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@ we took an intermediary model, which seems satisfactory, on which
optimal control can be done.

BUT : is the reference (PDE) model a realistic model ?
Certainly not...

Sino-French project
ANSWER:

Analysis and Numerical Simulation of Water
Ecosystems in Response to anthropogenic
environmental changes
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Conclusion

The “take home” message is...
@ we have designed a first model and questioned it,
@ we proposed a more complicated (too much ?) one,

@ we took an intermediary model, which seems satisfactory, on which
optimal control can be done.

BUT : is the reference (PDE) model a realistic model ?
Certainly not...

Sino-French project
ANSWER:

Analysis and Numerical Simulation of Water
Ecosystems in Response to anthropogenic
environmental changes

The more we fail, the more chances we have to succeed
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Thank you for your attention

A few references...
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Bioremediation of natural water resources via optimal control techniques.
BIOMAT 2012
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