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’Q Human settlement on the Seine basin

Bl Urban areas 7

Arable land
. Grassland ,j
B Forest .:,,

Seine Bassin :
65 000 km2

17 M inhabitants
Paris Megacity:
10 M inhabitants
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Aquifer system

7 aquifer layers

simulated river network Geology

—— Secondary tributaries Alluvial plain
— Main network Miocene (Beauce limestone)
Main pumpings location Oligocene (Brie limestone)

Withdrawal values ms.yr' = Upper Eocene (Champigny limestone)
® 2 0e+006 - 5,06+006 g Middle Eocene (Lutetian)
® 5,1e+006 - 1,0e+007 Paleocene (Thanetian)
@® 1,1e+007 - 3,4e+007 Upper Cretaceous (chalk)
= Urbanised area == Cretaceous et Jurassic (marl and limestone)
mm Basal complex (volcanic and metamorphic rocks)

[ Aquifer area 0 25 50 100 150 200
B e s Km
2
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Aquifer system and alluvial plains
) =+

h)
)\ =
\ / J ~—
%
) 25 50 100 Kilometers.

: 3500 logs

Geostatistics >
interpolation

Alluvial Plain

Miocene (Beauce imestone)

Oligocene (Brie Limestone )
= Upper Eocene (Champigny limestone)
s Middle Eocene (Lutetian)

Paleocene (Thanetian)

s Upper Cretaceous (Chalk)
= Cretaceous and Jurassic

0 25 50 100 150 200
K

Altitude
270.00

I 240.00
210.00
180.00
150.00
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90.00
60.00
30.00
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Geometry of 3500 km of alluvial plains
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Water withdrawals

Annual reports to water authorities
Distributed in space since the 90’s

3 Gm3.a"' (AESN 2013)

Fonction des prélévements
* Alimentation en eau potable

® Irrigation
o Prélévements industriels

Volumes prélevés [m3.an-1]

* 250000 - 500000
® 500000 - 1000000

@ 1000000 - 8326900

Réseau hydrographique principal

[ Extension du bassin de la Seine 2 s = L 50 SO0 ke
MRS, ok
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Water withdrawals' implementation in the model

Upper
aquifer unit

Fonction des prélévements
* Alimentation en eau potable
* Irrigation
° Prélévements industriels
Volumes prélevés [m3.an-1]
* 250000 - 500000
@ 500000 - 1000000
@ 1000000 - 8326900
Réseau hydrographique principal
—_—T P
[] Extension du bassin de la Seine 0 4 = bl 50 SO0 K

Lower
aquifer unit

|

Associated to
the lower
aquifer unit

Alluvial Plain

Miocene (Beauce imestone)

Oligocene (Brie Limestone )
== Upper Eocene (Champigny limestone)
s Middle Eocene (Lutetian)

Paleocene (Thanetian)

The reported annual water amount
is distributed in time depending on
the water usage

Upper Cretaceous (Chalk)
= Cretaceous and Jurassic

0 25 50 100 150 200
B O E— Km
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Data needed to model the system :

exemple of the Loire basin

DEM & stream
network
' n

Geology Land use Withdrawals
T

Météo :

P. (mm/an)

634 -
O 250- 00k
— Daily time step . = w-
- 801 - @ 1000- 10000 km?
® >10000km?
- 901 - 1000
0 50 100 Piézomeétres
I 001 - 2059 kM

O  Beauce

©  Craie

@  Cénomanien Cénomanien —

-

Fliposetiall;2012.\WRR:{Baratellijet;al';2016:,JH
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Coupled hydrological hydrogeological model

Surface Water
Balance

Watershed
Routing

River Routing

q

Groundwater

dzv(T grad(h))=0+S (Z—il
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Surface routing
Isochronism

Evapotranspiration I / /
P

Surface (water mass balance)
Production Function

Rainfall

o o

In-stream routing
RAPID

— C A h Saturgf:’a zone

O

Unsaturated Zone

Qoqt

ﬂ -
e p
.

N

le

Fliposet.al ;2012 \WRR.
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Stationarity of the water budget over a climatic
period (NAO)

(mm.yr1)? + Effective Rainfall
17.2 yr = NAO periodicity = Infiltration
12000
» Astorage
10000 x —Effective Rainfall
/_\'\ — |nfiltration
8000 *

0/ * \ AStorage
6000 .

4000 e . : ;
rrnaneesaze U i . 5 50 TSR
ot . s A "~
2000 -hasss I‘{A.daAA ..... £uuon T .,,.'.s.}k‘.__..(,
Olf I I I |
0 5 10 15 20

Time lag (yr)

Flipo et al. 2012, WRR Nicalas Flipo, GEWEX eyent " Including Water Management in Large Scale Models ”, Gif-sur-Yyette, 2016/09/29 ..
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2-step calibration method over a climatic period

ron  Observed discharge Flow Estimated runoff

et al, In prep

Joint optimization on discharge and
baseflow G
[
- 24 =) S/ £
<  Ruissellement s 1
’ ‘ Infiltration m}' '/
= e [T/ 177777 [[TTTTTTTITTT

% A Discharge : q,,., l-m-l Runoff : hf,,
- | -
£ | Transfert Labarthe 2016; Labarthe
g | zone non

saturée
i

t ‘surface libre -4

s Ecoulements
B souterrains b rFAltration

RO fz\ Subsurface calibration by trial-

U error campaigns

Flipo et al. 2012, WRR; Labarthe et al, In prep }j/f
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Performances : simulated discharge

POSES
% } Simulated
+ Observed
i i f
g RETE:
H
AN .
e | kB | é, £t
§ 2 a. I i1 | !
i g 3 ‘u !
- E 4 ,: % g 1 : i i
g 51 4 L
o 4 +
Nash = 0.88
| ‘ 01-iarlw.-95 Oi—iarlw.—oo Ol-iaer»-°5 °"i"’["’"'°

Pont d'Austerlitz PARIS

——  Simulated
§_ . +  Observed
Nash criteria [30] B
® <0.2[5] :
© 0.2-0.50[6] {Z s
© 0.50-0.70 [6] L) =1 ~ 8- { :
® 0.70-0.930 [13] p e € ; * , .
River network 2 g R i
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Stream-aquifer exchanges (1993-2010)

“?” ‘\ \i\

qaq—>riv = ](KhL(Hn - Hr)

3250 km
82% draining
~60 m3.s-" 3

o > T
Y s . !
Qnet [m3 5-1 km-1] | 1 /' }a}ﬁ/b{,#m
| : N

S

long term conditions

I -0.250 - -0,005
-0,005 - 0,000

B +0,000 - +0,050

I +0,050 - +0,900 1 Auxerre
L ‘
©) Main cities
Subsurface simulation area . :
e Studied reach (Fig. 6) 3 0 Kilometers \

Pryetietial 12015/ |\WRM
Jo b
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Effect of pumping

N

‘% \ ‘\?\\ e
. -
Re-infiltration ~ 20 m3.s Ty a8 ' —r
. . . J, \ ‘ - .Jh--‘ .R,
. - . w —~8 !kn{

~3 m3.s™! from direct in- )
stream withdrawal | /_}‘} ;<\U [ 3 ' J‘Vﬂ&?';“\

A Qm ‘f"‘"‘" -

(LTC-LTCnoP) [m*s™ km™] — ° L
Long term conditions \\j% 7 ( ’ ‘--,- i }(ﬂ‘\l\g«
B 0.28--0,010 E i 39 Troyes
0,010 - -0,0025 ) ‘ ¢
B -0.0025 - +0,0025 A~ '}-l

B +0.0025 - +0,020 A\\‘

Main pumping locations
. [m’ d"l { 1 {Auxene
e 2500 - 5000
® > 5000

Subsurface simulation area
2 Main Citi 100 0 0 Kilometers
- Res — r— ]

| Y
Pryetietial ;2015 \WRN yorl
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Simulation period 17 years (1993-2010) over 14000kmyg
of stream network

Focus on :
— 2 contrasted hydrological conditions (dry, wet)
— Average condition (over the simulated period)

s

0 25 50 100 150 200
e —

Daily discharge in Paris [m®/s] Cumulative Frequencies 1970-2010

1600
1
1400 \ ¢ Humid period 2000-2001 Humid period
& 0.8 2000-2001
1200 L - m Dry period 1995-1996 .
. 32 ‘:':’ Average 1990-2007
TR L
R EREE ; 0.6
[ % \. 0" »
800+ % ‘ i
‘ ! 0.4
L 0"' . + . " 1,
600 Ry 21 ’ R
. / .v. : % ' .Q .‘ .. . c,'-
400 47 | [ A& 0.2

FIT . Dry year 1995-1996

;\\\- \\u e s' " '”*\ A il
‘v;‘q 4 "N 018 . T ; |
h\-— : 140 240 340 440 540

01 ]an Y apr ) 06]UI1 08 aug 10-oct  12-dec Discharge in m3/s
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Spatio-temporal variability of the exchanges

Débit linéique en m3/s/km
avec pompage

Débit linéique en m3/s/km
avec pompage

nAnNNEE SECHE ANNEE HUMIDE A

ars Mars / S\ <
T oore- o008 —-0030--0,015 Vg
—-0,015--0, —-0,015--0,005 B e B0
ot o o e 3 g1 A
~0000-0, 0,000- 0,010 194 meoe.s° " =5
——0,010- 0,025 —0,010- 0,025 - =
—>0,025 0025 3 1 / 102

X —>0,025 - e — | 1\
MESO MESO '31 I I I S
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Net ¢>
Exfiltration Infiltration exchanges

Period [m3/s] [m3/s]

QRN

Dry
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~--0,000- 0,010 1 36 m3S_1
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—>0,025 _ 0 25 50 100
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Priorities for stream-aquifer exchanges simulation at
the regional scale

Water level fluctuations = physical processes
Estimate riverbed elevation

Estimate Manning roughness

Estimate the conductance coefficient

s wh -~

w
o

- observations —simulation

E
T 28
>
2
L7 =
= 26
s .
£
S 24
.3 3
£ [NASH=0.95 BIAS = 0.04 m RMSE = 0.23 m |
0 100 km 08/1996 08/1998 08/2000 08/2002 08/2004 08/2006
= 06
£
'.'.' / ""w 0,4
'.." E, i
[groundwater head| river stage| E
= 02
e ———— —riverbed elevation| -
stream-aquifer | s
exchanges - T 0
Manning roughness & | |
coefficient s 02
. 1km . g0
- > 08/1996 08/1998 08/2000 08/2002 08/2004  08/2006
Baratellijet:al';2016: JH:{Salehet:al';2011"JH ﬁ
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Further challenges

 Develop up and downscaling
methodologies based on the nested
stream-aquifer interfaces

—>structured around the river network to “
account for local complex hydro -
landscape

Fliposet.al;2014.|HESS

 Assimilate spaceborne water levels
- SWOT mission

Biancamariaet:al;2015/(SG
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