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How groundwater creates river
networks

And how rivers are markers of where aquifers lie beneath the ground
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Groundwater feed channels

Water table

Bottom layer (low permeability)

l Rainfall

Topography

Flow of groundwater to the river
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What is the relationship between river
networks and groundwater tlow ?
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Can we compute the shape
of the water table ?

Can we estimate the
flow ?

River
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Can we compute the shape
of the water table ?

Groundwater balance equation

K
Can we estimate the WD— = — A h2 + R
flow ? at 2

River e h : water table elevation
(m)

e R:recharge (m/s)
* @ porosity

e K: hydraulic conductivity
(m/s)
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K

Averaged in time
\Based on

v

Shallow-water
approximation

e Aquifer depth << Aquifer length
* Flow is mostly horizontal
o« V> >,

¢ Vy, X Oxyh
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K

Averaged in time
\Based on Solve numerically
using FreeFEM
v
Shallow-water Looking at a river
appl‘OXiInati()n o verfy cross-section
Reproduce
e Aquifer depth << Aquifer length experimentally

* Flow is mostly horizontal
* Vy > >V,

¢ V), X 5xyh
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Experimentally
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| Note : For experimental reasons
R = we choose to bring water from
under the aquifer
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Numerically

Numerical Solution of the Laplace e RiverS

equation : V2¢ =0 » Streamlines
e Isopotentials

R
Water table solutionin 1D : h = \/EX(ZL — X)

—& —

- %\\
R\
w

Water divide




GROUNDWATER FLOWS INTO RIVERS : A CROSS SECTION

Numerically

Numerical Solution of the Laplace e RiverS

equation : V2¢ =0 » Streamlines
e Isopotentials

R
Water table solutionin 1D : h = \/EX(ZL — X)

_‘ -

< %\\
)
w

Numerically and in the lab : Flow is mostly horizontal
- let’s solve over a whole network in 2D

Water divide
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In 2D : the Poisson equation iRy
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& K

¥
Paphandles, Flgrida

In 2D : the Poisson equation iRy

— AW+R~0) —— —

Boundary conditions :

River topography

'
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phandles, Flgrida |,

Pa

In 2D : the Poisson equation

— Ah+R~0 — %]

Boundary conditions : Average recharge and
River topography ground properties
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P?ﬁ‘an'alés Fldrlaa

In 2D : the Poisson equation o
— Ah+R~0 — %]
Boundary conditions : Average recharge and
River topography ground properties

== Numerical solution

> Finite element solving software FreeFEM

> Python library pyFreeFEM
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m— RIVErS
> Streamlines Numerical solutions for a simple channel
-— Isopotentials
\A\ \T f ] m \\\\\\ \ \ 1.68
/ 1 \\ - 1.44
1.20
1.2 \\
“ r 0.96
1.0
f 0.6 0.48
0.4
f 0.24
0.2 \ ,‘
—| ™Moo (L 0.00
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Modelling a larger, complex network




A NETWORK FROM ABOVE

GROUNDWATER FLOWS INTO RIVERS
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Field measurements

KA
GPS and drone T < "

topography

WEATHER STATION =1
LOCATION = SANWARA
COORDINATES:25' 16' 54.7780",72° 21 409812"
HELGHT ABOVE MSL: 345.548M
SENSOR:RAIN GAUGE,TEMP, WIND SPEEDWIND DIRECTION,

HUMIDITY, PRE.?SURE.
T =)
7-1 -

Piezometers

Grain size
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Boundary conditions

==
—e— |nner rivers

—e— (Quter border
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Steady state
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Steady state
solution
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» Flow direction
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Steady state
solution

- 1.44

» Flow direction
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How do networks and

groundwater flow change in
time ?
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This flow erodes and grows channels

® Sources

weweeeeenes Fyture Channels ?
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This flow erodes and grows channels




GROUNDWATER CREATES NETWORKS

In what direction do

channel grow ? At what rate do
they grow ?

Source ;

> Cohen et al
=T (2015)

Source ; Devauchelle et al (2012)
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Very slow processes —>  Hard to observe in nature ,
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Networks in the lab
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Networks in the lab
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Networks in the lab : top view

Measurements:

e Topography

River outlet 4—-———"\\
* Pressure field -

e Grain and water
discharge

Water divide
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Sorry, wait for next year
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Thank you for your time !




