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The EduMed
Observatory
allows to operate
sensor with

pupils

spit

Le second spit est caché
par le plongeur.
Fixation par boulon et écrou

Cadenas de verrouillage

Water level Gauge
Operated by the city council
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Evolution of the absolute pressure measured in the Issole River

Data collected by pupils

from February 15, 2018 to May 4, 2018
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Evolution of the absolute pressure measured in the Issole River

Data collected by pupils

from February 15, 2018 to May 4, 2018
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Pression absolue Issole Flassans reefnet SU-15203 (*Q)

Daily precipitation (mm/day)
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Evolution of the absolute pressure measured in the Issole River

Data collected by pupils

from February 15, 2018 to May 4, 2018
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HYDROGEOLOGY AT SCHOOL
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‘ How teach hydrogeology ?
Y
Quantity and intensity of
Rain falls

for middle and high school students

Water level and velocity
River flow
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How teach hydrogeology for middle and high school students ?

Nature
of the soil
and bed rock

Water table depth

Groundwater
height

v
A

N HYDROGEOLOGY AT SCHOOL

0 ‘ 0 Keys to understanding water issues
Quantity and intensity of
. 1. Fieldworking : observations and measures
Rain falls

Students measurements are completed by the EduMed Data-center
and the data collected by the « Eaux souterraines » network

@

Water level and velocity
River flow

EAUX
SOUTERRAINES

NOILVYLTI4NI

GROUNDWATER

Fabrice.mourau@ac-nice.fr



How teach hydrogeology for middle and high school students ?

Data analysis : water level and temperature

J I
| | Measures realized with a sampling rate of 15 minutes

I |
Patmosphérique

Water level = absolute pressure — atmospheric pressure

Pabsolue

Probe Sensus Ultra
From Reefnet :

Pabsolue = Patmosphérique + PH20 temperature and
pressure sensor
Using pressure sensors to measure water level (reefnet.ca)

Fabrice.mourau@ac-nice.fr



How teach hydrogeology for middle and high school students ?

Data analysis : water level and temperature

A B € D E F
T Pr.ession
Date (°C)Nartub e
(m)Nartub

1 v Y

2 26/09/2019 09:21 22,84 1y,"6553 10,10429
3 26/09/2019 10:21 23,43 10,175/~ 23,59 10,10429
4 26/09/2019 11:21 24,07 10,15533 2245 10,10429
5 26/09/2019 12:21 25,23 10,16553 23,55 10,09409
6 26/09/2019 13:21 25,16 10,15533 24,11 10,L."09
7 26/09/2019 14:21 25,24 10,17574 24,69 10,09409
8 26/09/2019 15:21 23,76 10,15533 25,24 10,10429
9 26/09/2019 16:21 22,95 10,16553 25,46 10,10429
10 26/09/2019 17:21 21,88 10,16553 25,48 10,10429
11 26/09/2019 18:21 20,22 10,17574 25,41 10,12471
12 26/09/2019 19:21 19,3 10,19615 25,27 10,12471
13 26/09/2019 20:21 18,76 10,19615 25,11 10,12471
14 26/09/2019 21:21 18,37 10,18595 24,92 10,12471
15 26/09/2019 22:21 17,93 10,19615 24,71 10,13491
16 26/09/2019 23:21 17,28 10,18595 24,52 10,12471
17 27/09/2019 00:21 16,78 10,19615 24,31 10,13491
18 27/09/2019 01:21 16,76 10,19615 24,13 10,12471
19 27/09/2019 02:21 16,77 10,18595 23,94 10,12471
20 27/09/2019 03:21 16,94 10,18595 23,77 10,1145
21 27/09/2019 04:21 16,97 10,19615 23,64 10,1145
22 27/09/2019 05:21 16,14 10,19615 23,51 10,12471
23 27/09/2019 06:21 15,91 10,19615 23,39 10,12471
24 27/09/2019 07:21 17,67 10,20636 23,29 10,12471

27/0Q/72n0140 NKR-21 2022 10 2NARRA 2222 1012471

N
S



How teach hydrogeology for middle and high school students ?

Data analysis

W e N Es W N
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Date

26/09/2019 09:21
26/09/2019 10:21
26/09/201911:21
26/09/2019 12:21
26/09/2019 13:21
26/09/2019 14:21
26/09/2019 15:21
26/09/2019 16:21
26/09/201917:21
26/09/2019 18:21
26/09/2019 19:21
26/09/2019 20:21
26/09/2019 21:21
26/09/2019 22:21
26/09/2019 23:21
27/09/2019 00:21
27/09/2019 01:21
27/09/2019 02:21
27/09/2019 03:21
27/09/2019 04:21
27/09/2019 05:21
27/09/2019 06:21
27/09/201907:21
27/0/MHNMANR 21

water level and temperature

circadian (day/night) cycle
of river temperature

B

T
{°C)Nartub
y

2284
2343
24,07
2523
25,16
25,24
23,76
2295
2188
20,22
193
18,76
1837
17,93
17,28
16,78
16,76
16,77
16,94
1697
16,14
1591
17,67
ma»

air+eau
{m)Nartub

v

10,16553
10,17574
10,15533
10,16553
10,15533
10,17574
10,15533
10,16553
10,16553
10,17574
10,19615
10,19615
10,18595
10,19615
10,18595
10,19615
10,19615
10,18595
10,18595
10,19615
10,19615
10,19615
10,20636
1020634

2066
2359
2345
2358
2411
2469
25,24
2546
2548
2541
25,27
25,11
2492
24,71
24,52
2431
24,13
2354
23,77
2364
2351
2339
2329
210

10,10429
10,10429
10,10429
10,09409
10,09409
10,09409
10,10429
10,10429
10,10429
10,12471
10,12471
10,12471
10,12471
10,13491
10,12471
10,13491
10,12471
10,12471

10,1145

10,1145
10,12471
10,12471
10,12471
1012an

F

Hauteur
d'eau(m)

0,061238
0,071445
0,051032
0,071445
0,061238
0,081651
0,051032
0,061238
0,061238
0,051032
0,071445
0,071445
0,061238
0,061238
0,061238
0,061238
0,071445
0,061238
0,071445
0,081651
0,071445
0,071445
0,081651
NNR1A51

Fa

Temperature {"Q
& 8

-
o

1260 6102/ 60/9t

Evolution de la température et de la hauteur d'eau dans la Nartuby

du 26/09/2019 au 04/03/2020

[Données EduMed recueillies par les éléves du collége Rostand, Draguignan, A. Morino)
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160 610Z/0T/9T
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TT-60 0202/ TO/%0
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TT60 0707/ TOV'$T

U

Rain intensity (23/11/19)

w

M = intense mediterranean
rain event

35

25

05
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Water level {m)



How teach hydrogeology for middle and high school students ?

Data analysis : water level and temperature

Evolution de la température et de la hauteur d'eau dans la riviere souterraine de Planesselve
Du 26/09/2019 au 04/03/2020
(Données Eaux souterraines, CDS83/CEREGE/SpéléH20)

as

M = intense mediterranean

rain event M3
30

M5
M1 No circadian (day/night)
cycle on groundwater
temperature
M2 M4
P  anEaas ¥ : o 3
o g VIgouhes:
_.,4__!'1.4 L
0
26/09/201909403 16/10/201909:03 05/11/201909:03 25/11/201909403 15/12/20190903 04/01/202009:03 24/01/202009:03 13/02/20200903 04/03/202009:03

—T (0]  —Presgon absolue (m)



How teach hydrogeology for middle and high school students ?

Data analysis : water level and temperature

The variation in temperature makes it possible to identify the arrival of rainwater. Rainwater

temperature
Evolution de la température et de la hauteur d'eau dans la riviére souterraine de Planesselve

Du 26/09/2019 au 04/03/2020 ‘ ‘ ‘ depend of season
35,000 + 1

(Données Eaux souterraines, CDS83/CEREGE/SpéléH20)

4

M3 . Increasing
5 M5 I water level
. and
1 temperature
? 134
20,000 M ' M 4 i .
[ Increasing
| | | water level
15,000 I ‘ - b Ut
| N decreasing
10,000 o~ ‘ ] temperatu re
128
5,000 - 126
0,000 124
26/09/201909403 16/10/201909:03 05/11/201909:03 25/11/20190903 15/12/20190903 04/01/202009:03 24/01/202009:03 13/02/20200903 04/03/20200903

—PrESGON ADOIUE (M) —T(*C)



Data analysis : water level and temperature GROUNDWATER

Intensité des précipitations, évolution de |la température, de la hauteur d'eau dans la riviére souterraine de Planesselve

Du 26/03/2019 au 04/03/2020
{Données Météo 3 I'école-Soliés Pont et Hydro Eaux souterraines, CDSE3 /CEREGE/SpéléH20)

S

S: SO|I or Sponge

Z¢ne de tragage

Run-off

— Y

When they are dry, the soil and
the epikarst retain and then
l " slowly transmit rainwater.




Data analysis : water conductivity

Evolution de la hauteur d'eau et de la conductivité électrique dans la Baume de Dardennes

Du 29/09/2014 au 03/11/2014 (données SpéléH20/CEREGE)

800 72
700 70
600 68
500 66
“ 8
“ 62 g
20 g
60 2
200 58
) 100 56
Fewer ions = More ions =
2'9{»9@'96')0'{?0 '''''' S B A B e P S B BB A BB " lower electrical greater electrical
VN NNNY NN Y VN NNY VNN NN VNN Y conductivity conductivity
Temps (heures)
= Pression Eau (cm) == Cond Elec Corrigee (uS/cm) .
Rivers
Groundwater
| ULTRA | ULTRA | ULTRA | | | CITY | | SEA | |
I PURE | PURE | PURE | | |SUPPLIES WATER |
0,1 0,2 1 10 100 1.000 10.000 50.000 100.000
Drinkable < .
_ . CTD diver : presure
Rain water 750 ps.cmt Brackish water P ’

Water conductivity (uSiemens.cm)

temperature and
conductivity sensor

(Van Essen instruments)



Case studies :
Le Regai de Néoules

Equipement sondes Reefn

Reefnet 14230,
Démarrée le 19/11/2015 a 16h36,
interval 1 minute, threshold 800 mbar,
installée le 20/11/15 a 13h50 :
amont réseau des gours

Reefnet 14300,
Démarrée le 19/11/2015 a 16h33,
erval 1 minute, threshold 800 mbar,
installée le 20/11/15 a 12h00 :
entrée Regai

forages
+2m s

Salle du Chaos Salle de e Ry

la Bougie <— s *

Gy i ) ; : 2 ; Regaieidesh
Rl AN » SO
‘ +5m g :

+im +5m

Salle des
Sables

Salledes  4im N
Carottes

Reefnet 14267,

Démarrée le 19/11/2015 a 16h35,
interval 1 minute, threshold 800 mbar,
installée le 20/11/15 a 13h04 :
amont salle de la bougie

Reefnet 14246,
Démarrée le 19/11/2015 a 16h38,
interval 1 minute, threshold 800 mbar,
installée le 20/11/15 a 14h30 : Siphon 1

D IV E R Rega.'- de Ne’oules 5 Coordonnées =~ Lambert Il UTM.WGS84/31T

50 100
(Néoules - 83) : Plan X: 0898.970 0745158
v: 3118520 4799273

Galerie Principale (extension: 560m) Z: 337m 337m

m,
e . 9.7,
(Ga lerie principa le ) Topographie galerie principale (degré.4) - 17 & 20 octobre 2010 - Lucot Jean-Pierre / Lecouvez Yves %10

(entrée inférieure du réseau)

Projet Eaux Souterraines, CDS 83 - Université Aix-Marseille - Colléges Le Luc (Coubertin), Le Beausset (Giono) - SPELE-H20, 22 novembre 2015



Température et coni ductivité

Température

Hauteur d'eau si phon 1 (CTD J9020 - Patmo) (métre)

Précipitations mm/h

“j“ ”“”“ Al L - l‘““‘.‘m -

13°C Case studies :
Le Regai de Néoules

The electrical conductivity of
water is a much better indicator
12,55°C than temperature.

Electrical conductivity varies over a
wider range than temperature: we
observe phenomena with better
resolution.

Temperature variations are too
dependent of the season, the
region, the weather. It would be
too risky to launch a measurement
campaign based on their
observation.



Température et con ductivité

+S F= Température 13°C Case studies :
Le Regai de Néoules

Understand the dynamics of
the groundwater body

600 uS.cm-1

470 pS.cm-1

o
12,55°C
125
0000 20/01/2018 0000 09/02/201800:00 01/03/201800:00 21/03/201800:00 10/04/20180000 30/04/201800.00
Hauteur d'eau siphon 1 (CTD J9020 - Patmo) (métre) EXa I I l p I e .
L}
derstanding the

[

[

: events of 11/12/17
[

Précipitations mi m/h

G G G aG» aG» @
Gl G G a8 aG» T



Les parameétres de la crue souterraine du 11 décembre 2017 au Regai de Néoules
Données CTD "Eaux souterraines" (CEREGE, CDS83, SpéléH20)
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Case studies :

Le Regai de Néoules

Understand the dynamics of
the groundwater body

Jt'sraining |-

3 :flushing effect

4 : Flod peak, the highest
stage reached during a
particular flood at a given
point. (3h, +13 meters)

5 : Flood recession
(several days)




Define the nature of groundwater by means of electrical conductivity

800

750

700

650

600

550

500

16/12/2013 09:45

35000

30000

NOMBRE DE VALEURS
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] 8 &
8 8 8
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g

Evolution of electrical conductivity in Dardennes Balm
From December 2013 to December 2016

04/07/201409:45 20/01/201509:45 08/08/201509:45 24/02/2016 09:45 11/09/201609:45

Frequency spectrum of electrical conductivity in Dardennes Balm

From December 2013 to December 2016 (Groundwater data)
3500

3000
2500
7 2000

1500

1000

500

531

T e W v W ——
— 0
581 631 681 731
Conductivité électrique corrigée (uS/cm)
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frequency

spectrum: how
many times is a
value measured?

La Baume de Dardenne

Case studies :
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Define the nature of groundwater by means of electrical conductivity
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Case studies :
La Baume de Dardenne

Le Regai de Néoules

Underground water from several reservoirs

Groundwater from a reservoir
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Define the nature of groundwater by means of electrical conductivity

Distributions fréquencielles de la conductivité électrique pour 2 cavités Varoises
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Underground water from
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Case studies :
La Baume de Dardenne

Le Regai de Néoules

The different conductivity
ranges reflect different ionic
compositions of the water, i.e.
paths through different rocks.



Define the nature of groundwater by means of electrical conductivity
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Case studies :
Le Regai de Néoules

The annual variations show
changes in the paths of the
water: some circuits are more
or less used.



How teach hydrogeology for middle and high school students ?

N HYDROGEOLOGY AT SCHOOL

6 ‘ & Keys to understanding water issues
Quantity and intensity of

in fall 1. Fieldworking : observations and measures
Rain talls 2. Data analysis : understand the water mass
dynamic

Nature Z Water
of the soil 5 saturation
and bed rock o level
S
Water table depth { — Water level and velocity
Groundwater GROUNDWATER River flow
height

Fabrice.mourau@ac-nice.fr
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How teach hydrogeology for middle and high school students ?

Nature
of the soil
and bed rock

Water table depth

Groundwater
height
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N HYDROGEOLOGY AT SCHOOL

6 ‘ & Keys to understanding water issues
Quantity and intensity of

in fall 1. Fieldworking : observations and measures
Rain talls 2. Data analysis : understand the water mass

q T dynamic
HEAH . Modelling the water flow
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Fish stocks

Biodiversity Flood hazards



