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Contribution of dissolved gases to understand groundwater flows In a
 wamcncnssas  Mediterrean Karstic system (Thau lagoon area, Montpellier, France)

B o o o on e —
= aknars L, LY
\S L5 @ L] (o | o1 )
n L Ly |1 |

\ I EANSIS "'| NI 2 ) S
w MOOTITITVIY e W o WS
I

Laurie Lemaitre!, Véronique de Monety?, Bernard Ladouche?, Vincent Bailly-Comte?, Laina Pérotint, Marina Hery?!, Christelle Guilhe-Batiot!, Marie-Amélie Pétré!, Jean-Luc Seidel

1. HydroSciences Montpellier, Université de Montpellier, CNRS, IRD, Montpellier, France (HSM) Results
2. BRGM, Universite de Montpellier, Montpellier, France 1. Principal Component Analysis (PCA)- Well geochemical characterization
» 4 groups characterised by temperature, specific conductivity and Sk, concentrations :
Coastal and thermal karstic hydrosystem of the Thau basin (South of France) is a strategic resource for Vegdbien-Bely T R ® Karsic
drinking water supply and economic development with the thermalism (Balaruc-les-Bains spas) and I ' gy ¥ i a?epnznd thermal »  Thermal and mineral water (S12, F5, F8, F9, F14)
. _ ) ] ] SFO._ppty. . . ; IXI - .
the shellfish aquaculture (Thau Lagoon). Three different groundwater bodies converge in this area _ | a Thermal and mineral~ ~ MIXING watter (F4, F6)
(Ladouche et al., 2012) : shallow karstic water, warm mineralized thermal water and mineralized | || B »  Karstic water (CGE, Cauvy, Vene, P4, Issanka and Ambressac)
marine water (Thau lagoon and/or seawater). L N e MBS ~  Deep and thermal freshwater (Pezenas)
E : . eal CE : g E e .
In addition, occasional and localized saltwater intrusions occur through a submarine spring (Vise) & § N Sége-Stad%r:;;MI\ Thermal Deep treshwater
which impacts the quality of groundwater. In such complex system, a thorough understanding of = § S e i"‘“;"""{'-'\‘""p;‘fg /" Temp. (°C) 41.6 35.9
groundwater flow and mixing is needed for a suitable management of the water resource. doF L ot A N Sp.Cond. (us/cm) | 20 n 563
S , , i , , Issan@?‘déE Tennis |
A first estimation of mixing and residence time in the system was proposed in 2002 (Aquilina et. al). T omtetw b © omies SF6 (pptv) SO 0o 1
Since this date, three saltwater intrusions occurred through the Vise impacting the Thau groundwater. A
new sampling campaigns was carried out in 2018 in the framework of the Dem’Eaux Thau project to 5 Mixi b . L and k : 4 . idering diff dati
follow the mixing and residence time evolution in the system and specify groundwater flow models. . MIXing ratio between thermal and Karstic end-members consiaering ditrerent dating tracers

« 3H/BO : Mixing ratio estimation at F4 and F6, but  “4He : discriminates old thermal from deep
- | can not discriminate “old” water freshwater end-member
TOOIS and mEthOdS SM&M&'@M Stgyva:/:la " Sé:'P;:‘rigngomts 4 Ambressac Thermal (%)  Karstic (%)
| | | A . ‘ tHe  3H | “4He 3H 1OE08

» Selection of 18 springs and wells on the Thau basin for = — 3 _'g'fe'n;is-"- e FA 320 364 | 680 636 1.4-08 % Young water

groundwater sampling. e, fiane /7T ) ”" (2010 B -0 333 | 870 667 _naeos S —
> Sampling of major and trace elements, water isotopes, noble Y own/d 7 B "t g

gases, CFC and SF,, “He and 3H during base flow (Aug. S o T B F . A ——— oo

2018). >/ .La;.s«ﬁ..;n}.e w@‘"“""‘s“ ;- ::’5““ depending on the tracer T aros
» Gas Analyses conducted by CONDATE Eau analytical (i, By ‘t, n__._;_u . > Proportion from “He in better ¢ 00 . pa—

platform, University of Rennes. Major and trace elements | - H - | A A N o PN ““-;3-4@ L agreement with previous 0.0E+00

analysed by the AETE analytical platform, University of | = == i ! o 550 (o B E studies (2002) fherma e

Montpellier.
Dissolved anthropogenic gases (CFC, SF,) and 3H were used to * Groundwater flow models: 2 binary mixing models
define young karstic water (< 60 years). Helium (*He) 10 #Karstic ¢ pezenas ¢ Mixing ¢ Therma - 4= Bgonental  ——PBton  py3 paimg
accumulation was used to identified old thermal water N S| T e ! >  Similar signature for deep freshwater and thermal water :
(Plummer and Friedman, 1999). g old water ( > 60yrs).

Vise , 2 . - o > Contaminated CFC-12 value for some karst samples
AU : E . (g CGE).
’e Bains 2 4 ° » F5, F9: binary mixing between an old end-member (thermal
l l Fe S12 : water) and a slight fraction of uncontaminated recent
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Data cross-analysis

water (<10%) similar to 2002.
» F4, F6: binary mixing between an old end-member (thermal
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/ \ 0 10 200 300 40 500 600 : 200 100 600 water) and contaminated karstic water (CGE type).
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Groundwater flow models : P .
Identlflcathn and MiIiXin . arstic gas
mixing, piston, Exponential (EMM) J COnCI usSIion font;m?nated

ratio estimation

and Exponentiel piston (EPM) Four geochemical groups were identified, one of which corresponds to a mixing between Thermal and Karstic groups.

Modified from Pétré et al., 2018

Contrary to 3H or CFC, “He discriminates old Thermal water from Deep freshwater. Dissolved gases show that binary | "2°4< ° . -
References : mixing flow models dominate but with two different karstic end-members. North of the Balaruc area, recent karstic water F5:0F3 oo pns
Aquilina et al. (2002), Chem. Geol. 192, 1-21; Ladouche et al. (2012). AlH Conference, Cassis (France) ; presents anthropogenic gas contamination. South of the area, the thermal water is preserved from these karstic flows Pl 8
Petré M.A., et al. (2018). Eurokarst Conference, Besancon (France) ; influenced by anthropogenic contamination. F0 L
Plummer L.N. and L.C. Friedman. (1999). USGS Fact Sheet 134-99. Further investigations will be carried for high flow conditions and at the Vise spring to confirm these hypothesis. S




