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& INTRODUCTION
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& CONCEPTUAL MODEL

STUDY AREA
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CONCEPTUAL MODEL

HYDROGEOLOGICAL CONTEXT / VERTICAL DISCRETIZATION

Ere Unités Stratigraphiques (US/RBC) Unités Hydrogéologiques (UH/RBC) Type Layer
US/RBC_11 Remblais - UH/RBC_1a Systéeme aquitard )
US/RBC_12 Couverture limoneuse . - ) - aquitard 1
, . ; - UH/RBC_1 Systéme aquifére du  |quaternaire superficiel
IV (Cénozoique)  [ERAEe RN ESENTVENES Uaternaire
US/RBC_14 Limons, sables et graviers ! UH/RBC_1b Aquifére des limons, =
) . ; aquifere 2
alluviaux sables et graviers alluviaux
US/RBC_22 Sables de Bolderberg
US_/ e ienlcles Gt erpplien o Sl UH/RBC_2 Systeme aquifére sableux perché aquifere 3
Huilbrechts-Hern
US/RBC_25 Sables de Maldegem (membre de
Onderdale)
Uil el airalss Gle LLE sgem (faramirs 612 UH/RBC_3 Aquiclude des argiles de Ursel et Asse aquiclude 4
Ursel et Asse)
US/RBC_41 Sables de Maldegem (membre de
Wemmel)
US/RBC_42 Sables de Lede UH/RBC_4 Aquifére des sables de Wemmel, Lede, Bruxelles et aquifere 5
US/RBC_43 Sables de Bruxelles Vlierzele q
US/RBC_44 Sables de Gent (membre de
1l (Cénozoique) |[Vlierzele)
UH/RBC_5 Aquiclude des argiles de Gent aquiclude 6
US/RBC_61 Sables et argiles de Tielt UH/RBC_6 Aquitard des sables et argiles de Tielt 7
UH/RBC_7a Aquiclude des argiles .
= lud
de Aalbeke R 8
US/RBC_72 Sables et argiles de Kortrijk UH/RBC_7 Systéme aquitard des [UH/RBC_7b Aquitard des sables et )
. " . aquitard 9
(membre de Moen) sables et argiles de Kortrijk argiles de Moen
UH/RBC_7c Aquiclude des argiles
/ o quicl Bl aquiclude Bottom
de Saint-Maur
UH/RBC_8a Aquifére des sables .
R o . aquifere
UH/RBC_8 Systéme aquifére des |du Landénien
sables du Landénien UH/RBC_8b Aquiclude des argiles aquiclude
du Landénien 9 hors zone
5 e UH/RBC_9a Aquifere d iesd
Il (Mesozoique) |US/RBC_91 Craies de Gulpen UH/RBC_9 Systéme aquifére des ‘ {c . SRR S A aquifére modelisée
craies du Crétacé et du socle Ur:/:cBi 9b Systa fere d
.. steme aquifere du - ;
(RGEIEYZI I US/RBC_92 Socle Paléozoique Paléozoique = y q aquifere/aquitard
socle Paléozoique




CONCEPTUAL MODEL

HYDROGEOLOGICAL CONTEXT / VERTICAL DISCRETIZATION
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& CONCEPTUAL MODEL

BOUNDARY CONDITIONS

Southern boundary

77

= ==\
7 \
7 f—\\\»

s

7

Darcy flow velocity
(m/j)

2"d kind (Neumann)

vdarcy
(m/j)
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& CONCEPTUAL MODEL 2 Kind (Cauchy)

href Din Dout
BOUNDARY CONDITIONS m  (1/s) (1/s)

Hydrographic network Main sewers

K (m/)
interface
Q=1 X (h — haq) X : (m)
() & (m €
Y
= 4 Djy 07 Dy
spring 2013 transfer rate

representative values (1/j)

CALIBRATION 4




& CONCEPTUAL MODEL 2 Kind (Cauchy)

href cDout
BOUNDARY CONDITIONS

(m) (1/s)
VIVAQUA drain catchment
2013 annual declared flow rate (=> m3day - spring 2013 representative values)

2500000

2250000

o K 4rain
- Q =AX (href — haq) X T( |
m%) (m)  (m) m s

q)out
transfer rate
(1/)) —

CALIBRATION 4
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CONCEPTUAL MODEL Well condition
BOUNDARY CONDITIONS (rg/j)
452 wells

2013 annual declared flow rates (=> m%day - spring 2013 representative values)

A 1,1%

L]

2,7%

\ 10,3% 0,0%
\ X

19,4% \

[ Brussels Region
Study area
~==Vivaqua drain catchment
well (m¥/day)

© 0,030000 - 54,770000
© 54770001 - 190.770000
@ 190770001 - 1054,250000

66,5%

= UH/RBC_1b Aquifére des limons, sables et graviers alluviaux {captages)
@ 1054250001 - 2552,720000
@2552‘720001 - 4213450000
R
Low: 0

= UH/RBC_2 Systéme aquifére sableux perché {captages)

UH/RBC_4 Aquifére des sables de Wemmel, Lede, Bruxelles et Vlierzele (captages)

UH/RBC_4 Aquifére des sables de Wemmel, Lede, Bruxelles et Vlierzele {galerie)

= UH/RBC_6 Aquitard des sables et argiles de Tielt (captages)

= UH/RBC_7b Aquitard des sables et argiles de Moen (captages)

drinking water industry tertiary sector

other



& CONCEPTUAL MODEL

BOUNDARY CONDITIONS

26 Springs (Brussels)
Measured flow rates (=> m%*day
spring 2013 representative values)
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& CONCEPTUAL MODEL

BOUNDARY CONDITIONS

Recharge

Flanders WetSpass hydrological model 20*20m (VUB, 2007)

0. Batelaan (Vrije Universiteit Brussel & K.U.Leuven)
Y. Meyus (Vrije Universiteit Brussel)
F. De Smedt (Vrije Universiteit Brug

Coef

=232,9/275,6

=0,85

IBrussels Region
Study area

Wetgpage : graundwafer recharge (yearly)

-Low:0

bruxelles
environnement
leefmilieu
brussel

brussels <

Model area (Thornwaite)
Pluviometry & ETP (2013),
Uccle, IRM

runoff + recharge = 232,9
mm/y

BPSM area (WetSpass)
runoff = 83,8 mm/y
recharge = 191,8 mm/y
runoff + recharge =
275,6 mm/y

Inflow on top model

R
(m/j)

Summer/winter/annual hydrological budget
Period 1833-1975

~
4 Parameter Min" Max" Gemiddeld” | Std. Dev
Neerslag(P; mim) 6544 1008.2 759.7 47.6
Evapotranspiratie (ET; nim) 204.8 7577 482.2 57.3
z Grondwatervoeding (R, mim) -126.1 5547 219.8 86.4
3;:‘ Oppervlakkige afvoer (S; mim) 1.1 591.2 64.9 82.7
s
= Waterbalans
(WB=P—ET—R—S; mm) - - 12 -
Fout op waterbalans (WB/ P; %) - - ‘A-} .0 -
A Flanders area (WetSpass) .
Neerslag(P; mim) 3356 517.0 389.6 244
Evapotranspiratie (ET, mim) 102.9 626.0 366.8 56.8
o Grondwatervoeding (R; mim) -188.6 193.1 -7.0 48.4
§ Oppervlakkige afvoer (S; mm) 0.0 3044 35.6 38.5
N
Waterbalans
(WB=P—ET—R-S; mm) - - -5.8
Fout op waterbalans (WB/ P; %) - - -1.5
Neerslag(P; mim) 318.8 491,2 370,1 232
Evapotranspiratie (EZ, mim) 69.5 157.0 1154 7.1
.| Grondwatervoeding (R; mm) 0.0 381.7 226.9 59.4
g Oppervlakkige afvoer (S; mm) 0.23 365.3 29.3 53.4
g
Waterbalans
(WB=P—ET—R-S; mm) - - -1.6
Fout op waterbalans (WB/ P; %) - - -0.4

1. Volume per oppervlakte in de extreme rastercel
2. Totaal volume per oppervlakte van het volledige studiegebied



& NUMERICAL MODEL

MESH DESIGN

- FEFLOW, finite elements E

- Points = springs, wells , observation points
- Lines = hydrographic networks, sewers,
drain catchment

0 2000 4000
——
0[d) ]



& NUMERICAL MODEL

INPUT DATA IMPLEMENTATION

Southern border (Vyarcy) Drain catchment (h, ., P) Wells (Outflow)

Springs (Outflow) Surface water & sewer (href, ®) Recharge (Inflow)

outfiaw on topfbaom

352412
W 000364339




& CALIBRATION

HYDRODYNAMIC PARAMETERS

Hydraulic conductivity (m/s) Kh» Kz

Initial values : Bibliographic analysis
(pumping tests, scientific publications,

studies, groundwater bodies characterisation in
Flanders and Wallonia,...)

[ T— $
77 2

Pumpihg test

In/out transfer rate (1/s)

IN transfer rate» OUTtrans fer rate
Initial values : Expert judgment




& CALIBRATION

OBSERVATION POINTS 78 Artefacts

Open hydrographic network
=> from Raster topography (URBIS)

Piezometry (278 points)

174 Piezometers (spring 2013)

Unités Hydrogéologiques de la RBC

(UH/RBC) Layer Total
UH/RBC_1 Systéme aquifére du a s
quaternaire (argiles)
UH/RBC_1 Systéme aquifére du 2 32

quaternaire (sables et graviers)

UH/RBC_2 Systéme aquifére sableux 5
perché

UH/RBC_4 Systéme aquifére des sables

de Wemmel, Lede, Bruxelles et Vlierzele 5 90
UH/RBC_6 Aquitard des sables et argiles

. 7 21
de Tielt
UH/RBC_7 Systéme aquitard des sables 9 18
et argiles de Kortrijk
TOTAL - 174

Piezometric campaign




& CALIBRATION

OBSERVATION POINTS

Drain catchment (outflow rate)

flow rate (2013) = 2.002.478 m3¥year
=) 5436,2 m¥/day

Latrie d'eau {m_DNG)

75,00 \ 2.500.000
77,00 \ 2.250.000

76,00 2.000.000

Al & ha . s
7500 wwﬁ‘:ii P E T T i L.750.000

sa00 | | 1500000 ‘i
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- ~ P M %
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=
=
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; [ 1 1.000.000 o
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—d—nte Fla |m_DMG)
0,00 e T AR § e ote Cap (m_0MG ) —
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== Cole Gen jm_DNG)
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& CALIBRATION

OBSERVATION POINTS

Hydrographic network/Main sewers drainage (outflow rate)

0 Sous-hassin Nord
B Sous-bassin de la Woluwe
0 Sous-hassin Sud

——=— REégion Bruxelloise

Watershed drainage

- 192645 m3¥/day

- 42602 m3¥day

- 83977 m¥day



& CALIBRATION

STEADY STATE - RESULTS
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& CALIBRATION

STEADY STATE - RESULTS

4 )
VIVAQUA drain catchment (outflow rate)
Qqim = 5444 m3/day
Error = 0,14 %

\_ J
Hydrographic network/Main sewers drainage (outflow rate) \
Drainage flowrate Drainage flowrate
Watershed = . . =
Observation Simulated
(STEP)

(m¥day) (m¥day)
Woluwe -42.602 -50.366 18,23%
Senne Sud -83.977 -92.251 9,85%
Senne Nord -192.645 -173.819 -9,77%

\_ /




& CALIBRATION

_..-1-— - Patches -
STEADY STATE - RESULTS 0 0233068

W 0.00260059
Il 0.000289926

Calibrated hydraulic conductivities e

3.60544e-06
4.01728e-07
4.47866e-08
4.53302e-09
0.9664 5e-10
6.20574e-11
5.91846e-12

Layer 2

Alluvial silt,
sand & grave| sy
aquifer

Layer 6
Merelbeke
aquiclude

Layer 3

Perched
aquifer
system

Layer 4 |
Ursel & Layer 8
Aalbeke

Asse

aquiclude aquiclude

Layer 5
Brusselian
aquifer




& CALIBRATION

STEADY STATE - RESULTS
Calibrated hydraulic conductivities

zonel UH/RBC_7b (Ill-Moen agquitard)

zonek_UH/RBC_7a {lil-Aalbeke aguiclude)

zone] UH/RBC 6 (Il-Tielt aguitard)

zonel_UH/RBC_S (ll-Merelbeke aquiclude)

zoneH_UH/RBC_4 (lll-Bruxellian aquifer-Est)

zoneG UH/RBC 4 (lll-Bruxellian aquifer-West)

zoneF UH/RBC 3 {lll-U.and A. aquiclude)

zomeE_UH/REC_2 (lll-Diest perched aquifer)

zoneD UHMRBC 2 (ll-5hh.and On. perched aguifer)

zoneC UH/RBC_1b (IW-alluvial aquifer)

zoneB UH/RBC la (IV-silt cover)

zoned UHFRBC la (IV-alluvial aquitard)

=——
1
t— e
| - ——
—
-
- b II
= | —
T R _
::::mm«u*_—.]—h—mm
T T T T T
101 1g-1@ 10-% 107 10-# 107




& CALIBRATION
STEADY STATE - RESULTS
Calibrated transfer rates (conductances)

1e7 n=22672
i i
e
2 4]
u.-
E I
5
a 3
=
m
5 l
£ 27
T
i
1 -
l} 1 ) )
18 17 104 10— 10-# 103 10-= 10! 107

Transfer Rate Out (1f5)

River / Main sewers drainage
(outflow rate)

Elemental volume {m3)

12 -

140 A

0.8 1

(&

le7

n= 2292

h_____

2x107%  3Ix107*4x10"% Ex10"*

Transfer Rate Out (1/5)

103

VIVAQUA Drain catchment
(outflow rate)



& UNCERTAINTY ANALYSIS

MONTE CARLO ANALYSIS

4 Automatic
approach

@ python
_ @ python

~N

M

J

UHRBC_Tb (lll-Moen aguitard)_n T

UHRBC_6 (lll-Tielt aquitard)_n

UHREC_4 (lll-Bruxellian aguifer)_n 7

UHRBC_2 (ll-perched aquifer)_n 7

UHRBC 1b (V-alluvial aguifer) n

UHRBC_1a (IV-aglluvial aguitard)_n 7

— minimum bound of the average uncertainty (delta_head min)
— maximum bound of the average uncertainty (delta_head max)

AU

U

ML 7T

—{IH
-
T
T T
e
i

-
gt
H [

Hydraulic-head uncertainties (m)

- ——
=3 -2 -1 0 1 2 3 4 5 & 7 8 9




Q SENSITIVITY ANALYSIS

Hydraulic head

sensitivity
2,5
— 20
£
z
E
T 1,5
=
L4
(%]
1,0
OIS I I I I I I .
Al o
log (hydraulic river & drain recharge log (infout Transfer  wells & springs
conductivity) reference level rate) 1000
B Result : hydraulic heads (UH/RBC_1b Aquifére des limons, sables et graviers alluviaux) .
® Result : hydraulic heads (UH/RBC_2 Systéme aquifére sableux perché) z
Result : hydraulic heads (UH/RBC_4 Aquifére des sables de Wemmel, Lede, Bruxelles et Vlierzele) "’E
m Result : hydraulic heads (UH/RBC_6 Aquitard dessables et argiles de Tielt) < 100
® Result : hydraulic heads (UH/RBC_7b Aquitard des sables et argiles de Moen) E
2
1000000 ; . 2
@
Hydrographic/Main sewers %
1 10
100000 drainage outflow rate sensitivity
10000
= 1
E 1000
=
|
w
< 100
1%}
10
1
log (hydraulic river & drain recharge log (infout transfer  wells & springs
conductivity) reference level

rate)

B Result : 'Bassin Nord' drainage flowrate
M Result : 'Bassin Sud' drainage flowrate

M Result : 'Bassin Woluwe' drainage flowrate

Automatic )
approach

@ python’
python”

VIVAQUA drain catchment
outflow rate sensitivity

log (hydraulic river & drain recharge

log (infout transfer ~ wells & springs
conductivity) reference level

rate)

m Result : drain catchment flow rate



& RESULTS

PIEZOMETRIC MAPS

Dataset for diffusion (Brussels region) :

UH1b Quaternary confined aquifer (Alluvial silt, sand & gravel aquifer)
UH2 Sandy perched aquifer system

UH4 Wemmel, Lede, Brussel en Vlierzele sand (Bruxellian)

UHG6 Tielt sand and clay aquitard

UH7b Moen sand and clay aquitard

Characteristics:
Isolines =2 m
May 2013 reference period

. Phreatic heads (m-DNG)
Phreatic depth (m)




& RESULTS

HYDROGEOLOGICAL BUDGET

’ Captages
K"Q_./\.zw.,\”/\‘/\-\./\wxw\;/‘/ -1934 m3/j
Recharge (0.4%)
+68881 m3/j
R Galerie drainante
(12.6%] -5444 m?3fj

(1.0%)

———
———
. e e s
——— s e e e e e
—— et et —
o —— e b st
—— e s s
-~ i Y——

%
Source
Réseau hydro. + -2740 m3/j

" 294431 m3/j
(plateaux) E vt ‘
grands collecteurs (0.5%) : -‘s 0
(vallées alluviales) LR I 0

=
-167875 m?/j 237

Transfert|(in)
+87377 m3/j
(16.0%)

Réseau hydro. Transfert (out)




