The water resource in mountainous environment.
How the combination of multiple CRITEX instruments allow to better

understand and characterized this resource. The Strengbach watershed case
(Vosges Mountain).

Observatoire Hydro-Géochimique de I’Environnement OHGE
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Vosges Massif (880-1150 m) - 80 ha
Hercynian base poor granite
Monitored since 1986

90 % forest : beeches (20%) + spruces (80%)

Discharge : 3-500 I/s

Rainfall :1400 mm /yr

Runoff : 800 mm/yr - pH = 6.5

S atmospheric input: 8t—> 0,8t/ yr
Weathering flux : 2-3 T km-yr
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Presentation of sampling

STRENGBACH
Catchment

Strengbach catchment - Map of sampling

Springs from the Northern
slope: SG, CS,, ARG, RH,
RH1, RH,, BH

Strongly hydrothermally
altered



Some geochemical results
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Chemical and isotopic signatures

—> Large heterogeneity even at a small watershed scale (temporal +
spatial)

—> Individual water pathways

—> Along complex fracture networks

Cividini et al., 2010; Prunier, 2010, Pierret et al., 2014

0,729 -

Southern slope
// ““““““ @ """~ ---==n
* + o® Y
0,727 - l+ A ﬁ A A ,//
\ -,
— o ,A—’/
£ \tgo - -
gt:' 0,725 ‘o ="
X X WV \
0,723 | %“Xz Sl
] ,'.s’ e -Northern slope
-4 strongly hydrothermally altered
0,721
0,05 0,15 0,25
120 - 1/Sr
110 1o GNP
=)
2
~ _
> 1,00 1 og A
ch\)/ (7 A‘
0,90 - o+ o
¥y ETS TS
0,80 ‘ ! !

as

——
D '3}
wd &
- ._J,//:)
° ¢
\\v
1 |

5 3.0 3.5 40 5 S0 -

U215 0,7235 0,7255 0,7275

Bpg:'L.



QUESTIONS
= better understand the geochemical signature of water / water pathways

= |dentification of the zone of water storage / recharge area / Hydrological functioning
= Evolution in response to perturbations (climatic, forestry, pollution....)

REQUIREMENTS

= 3D structure (surface + deep)

= Parameters (water content, porosity, permeability...)

= Spatial and temporal evolution (dynamics of groundwater

storage)
= Models




TOOLS -> surface and deep explorations / With support of CRITEX 6

~oITEWVY

= 6 boreholes (= 120m deep) + 3 piezometers

= Combining different geophysical methods (resistivity, CSAMT, seismic, radar) / boreholes and
surface survey = 3D structures

= Study of water storage dynamics (well logging, MRS and gravimetry time-lapse)

» Characterization of parameters (water content, porosity, permeability...) MRS + direct
measurments on surface and deep samples
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CRITEX was a catalyst for the HYDROCRIZSTO
project founded by ANR (2016/2020) HYDRO

CRIZSTO

Combination of geophysical, geochemical and
hydrological investigations to better understand and
model past, present and future watershed functioning.
http://hydrocrizsto.unistra.fr
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Hydrogravimetry on the Strengbach catchment (Vosges mountains)

Use of hybrid gravimetry to investigate Complemented by:

Water Storage Changes:  Monitoring of water level in several
boreholes and piezometers

* Repetition of micro-gravity network with RG

(Scintrex CG5) on 17 stations within the * Monitoring of soil water content with
catchment including 6 boreholes and 3 different probes (TDR, optical fiber, etc..)
piezometers

started in june 2014

* Regular measurements at base station with AG
(FG5)

started in 2016

P

* Continuous monitoring
with SG (iGrav)
at summital base station
planned in June 2017 G

. Borehole
@ Piezometer
B 5G {iGrayv)
. B RG(CGS)




Topographic influence on gravity admittance
in case of a mountain catchment

Tapagraply
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Bouguer plate (without topography):
4.2 uGal gravity change /10 cm of water
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Higher values on crest
Lower values in valley

Even in the simplistic case of a uniform infiltrated
water layer gravity changes will be # according to
altitude



Gravity changes (06/14-06/16) Water level changes in piezometers
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First space/time decomposition with EOF
Empirical Orthogonal Functions) See poster by Chaffaut et al.




ERT method to image the electrical resistivity at the Strengbach catchment (Gance et al.)

S Résistivité [Q.m]
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— Strong contrast between the two slopes
- Depth of investigation : 10/15 m
- What about deeper ?



CSAMT & AMT experiments and processing to image the electrical
Resistivity deeper that ERT method (Sailhac et al. / CRITEX WP6.5)

Location of AMT/CSAMT and Gravity sites at the Strengbach

Trarsmitter T3 and RXU-TM recorder {Memary card + GPS)
£ 50 =
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| Recelver VB {Memory card + GPS + Magnetic colls & Electrodes) __"'

Magnetic Spectrum at Strengbach site {OHGE)

Spectrum of undlitered magretic ficld data [actual natural anc anthrople actidtics)
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Frequency range of the T3 source: 0.125Hz - 10 kHz

PhD Myriam Lajeunie (Poster)



CSAMT & AMT experiments at the Strengbach catchment (OHGE)
CRITEX and HYDROCIZSTO works

W&&5

ceTEY

Use of AMT & CSAMT to investigate undergound

water behaviour: HYDRO
CRIZSTO

*  ERT 3D modelling and first AMT soundings

started in 2014 / Julien Gance PostDoc
Complementary CRITEX & HYDROCRIZSTO

*  CSAMT soundings works:

started in 2015 / Zoe Terniesen M1 Internship ] .
* Time-lapse and monitoring of water

AMT new processing
started in 2016 / Hugo Larnier PhD

Repetition of AMT & CSAMT soundings
started in 2017 / Myriam Lajaunie PhD

Posters Sailhac et al. (Thursday)
Guillemoteau & Sailhac (Wednesday)

level and water electrical conductivity
in boreholes (Montpellier / P. Pezard)

SLINGRAM
SIP experiments
Gravity monitoring

Hydrogeological/chemical modelling



RMP: improvement in signal processing
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NML results at borehole F6 confirms
water content estimate from MRS
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Cross Borehole Radar tomography
Boreholes Fla & F1b

Zero offset profile
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Very near future CRITEX action :

High frequency approach

Installation of a RIVER LAB in June 2017
—> Periodicity/seasonality (d/n; m; yr...)
—> Extreme event hydrodynamic behavior
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CONCLUSIONS

Real multidisciplinarity

Connection between geophysics / geochemsitry / hydrology / modeling
New collaborations

Catalysis project founding (ANR....)

Still in progress .....

Announcement :

The Strengbach watershed site is
open to (and will welcome) other
technical development or
methodology




