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Transit time issues in karsts

Fast (<6 months) flows in karst

* Complex and fast recharge through hierarchized
Drain . network
: * Quantity and quality issues

Epikarst @’ i
My — Essential to trace short transit time (< 6 months)

Unsaturated
Zone
. \ Natural tracers
Satzt:)r:;e @ * Few available on the 0-6 months range

* High potential of natural organic matter (life duration
< 6 months, Batiot, 2002)

* Use of fluorescence of organic matter in this purpose
by Seréne et al., 2022
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Transit time issues in karsts

Fast (<6 months) flows in karst

* Complex and fast recharge through hierarchized
Drain . network
: * Quantity and quality issues

Epikarst R
@ My —> Essential to trace short transit time (< 6 months)
Unsaturated |
Zone
; Natural tracers
Satzl;r:;e * Few available on the 0-6 months range

* High potential of natural organic matter (life duration
< 6 months, Batiot, 2002)

* Use of fluorescence of organic matter in this purpose
by Seréne et al., 2022

Objective
Use of fluorescent organic compounds as natural tracer of short transit time to improve
LSBB flows knowledge
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Study site & sampling

A _. - Fontaine de Vaucluse karstic system
' ' 4 * Catchment of 1160 km? ollivier, 2020

* Mean flow rate 23,3 m3/s Cognard-Plancg et al., 2006

o * Aquifer thickness up to 1500m
: Se
5

3.
j\Vauclu se

* Unsaturated zone average thickness 800m

w/
\
20 km
Geology

Quaternary Lower Cretaceous : Albian - Aptian ® Springs
Pliocene | Lower Cretaceous : Barremian === Springs catchments
Miocene Lower Cretaceous : Hauterivien e |SBB's flows
Oligocene Lower Cretaceous : Valanginian and Berriasian
Eocene Jurassic

Upper Cretaceous | Trias
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— Main fault
— Secondary fault
--= Supposed fault

Study site & sampling

— Galeries
A e - PV, g Depth classes:
,/ 5, o <5 » O A ST A A [ ) RIS/ N W
Ee 4 7 L g 0000 (V| /7 TS ~_ [ | 0to100m
C JaI - | 1 100to200m
I I 1 200t0300m
T N R % 1 300to 400 m
i) by, B e - 1 400 to 500 m
#E Y | /2 Sy / L >500 m
i ¢ ' 4 3 ‘E‘Vauc'”s’e ?“ Temporary flow ) Perennial flow
‘. Gluse”” Aol — et
. 0 0 20 k H
s —1:| ) Sampllng test
OOk ey over ot - A At I  Bi-monthly sampling for one-year (06-2020 to 10-2021)
Pliocene Lower Cretaceous : Barremian === Springs catchments
pocre Lower Cretaceous : Hauterivien * LsBB’s flows * Major elements, TOC, water stable isotopes, fluorescence
igocene Lower Cretaceous : Valanginian and Berriasian
Eocene Jurassic .
Upper Cretaceous [l Tris of organic matter

* 4 springs, 1 losses, flows from unsaturated zone (LSBB)
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Organic matter in natural waters

Organic matter of natural water | = Hydrogen + Oxygen + Nitrogen + Phosphorus + Organic Carbon (TOC)
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Organic matter in natural waters

Organic matter of natural water | = Hydrogen + Oxygen + Nitrogen + Phosphorus + Organic Carbon (TOC)

Living components Dead components

Particulate Dissolved
organic matter organic matter

N

4 Protein-like Humic-like ---—---—- ..

| | coble,1996
1 OO COOM
{ X High Low
nooC s digestibility ~ digestibility
COOM O COoH
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Fluorescent organic matter at the Fontaine de Vaucluse system

Fluorescence

Incident photon Emitted
M photon
\ Organic *
matter

Shift between A, and A,
— Structure and size of molecules
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Fluorescent organic matter at the Fontaine de Vaucluse system

Dissolved organic matter dataset

510 . 4 * PARAFAC modeling
450 é‘) * ldentification of fluorescent compounds
470 ii}

£ Fluorescence

= 410

I% 390 a((\a“

E 370 6\6“5\00 Incident photon Emitted
zz [ @\]\e\g\o A photon
o B ® \ Organic %

matter

270
PARAFAC components

250
220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380

Excitation (nm)

Shift between A, and A,
— Structure and size of molecules
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Fluorescent organic matter at the Fontaine de Vaucluse system

250

e&(‘a(\
i
?\6 \]\e\g‘\

PARAFAC components

220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 4
Excitation (nm)

Ajignsasig

Correlation between compounds
* Soil = source of fluorescent compounds
- Correlation between all compounds
for very recent water

* Tyris the most digestible, Trp and P1 have almost
the same digestibilty
—> Correlation of Trp and P1 for recent water
(Tyr is digested)

*  Much more P1 than Trp
— No correlation at all between Trp and P1 for « old »
waters, most of fluorescent compound are digested
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Correlation between fluorescent compounds

0.07 -0.07 -0.03 0.03

0.79 | 0.37 0.5 | 0.76 0.16 m 0.59 | 0.63

OR:3: -0.01 | 043 | 0.21 | 0.04 | 0.35 | 0.23 | 0.24 | 0.38 | 0.58 | 0.12 | 0.23 | 0.36

Bl Correlation>0.8 [] 0.7 > Correlation >0.8 [_] 0.6 > Correlation >0.7 [__] Correlation < 0.6
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Correlation between fluorescent compounds

Good correlation between
every compounds:
Very short transit time ?

0.07 -0.07 -0.03 0.03

0.79 | 0.37 0.5 | 0.76 0.16 m 0.59 | 0.63

-0.01| 043 | 0.21 | 0.04 | 0.35 | 0.23 | 0.24 | 0.38 | 0.58 | 0.12 | 0.23 | 0.36

Bl Correlation>0.8 [] 0.7 > Correlation >0.8 [_] 0.6 > Correlation >0.7 [__] Correlation < 0.6
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Correlation between fluorescent compounds

Correlation between
H and Trp:
Particular case, mix
of waters?

Good correlation between
every compounds:
Very short transit time ?

Trp H P1 | Trp H P1 | Trp
-0.03 0.03

0.16 m 0.59 | 0.63

0.23 | 0.24 | 0.38 | 0.58 | 0.12 | 0.23 | 0.36

Bl Correlation >0.8 [] 0.7 > Correlation >0.8 [_] 0.6 > Correlation >0.7 [__] Correlation < 0.6
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Correlation between fluorescent compounds

, Correlation between
Good correlation between
H and Trp:

every compounds:
Very short transit time ?

Good correlation only

Particular case, mix

P between Trp and P1 :

Short transit time ?

W

e

P1 kI3

llge® 09 0.97 0.79 | 0.37 0.5 | 0.76 0.16 m 0.59 | 0.63
0.64 LR yaumR:1:E -0.01 | 043 | 0.21 | 0.04 | 0.35 | 0.23 | 0.24 | 0.38 | 0.58 | 0.12 | 0.23 | 0.36

Trp H P1 Trp H P1 Trp H P1 Trp H P1 Trp
0.07 -0.07 -0.03 0.03

Tyr

Bl Correlation >0.8 [] 0.7 > Correlation >0.8 [_] 0.6 > Correlation >0.7 [__] Correlation < 0.6
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Organic matter in natural waters

Organic matter of natural water | = Hydrogen + Oxygen + Nitrogen + Phosphorus + Organic Carbon (TOC)
Living components Dead components
Particulate Dissolved Transit Time index (TTI)
organic matter organic matter prriie — ik

TTi =
/\ ' = Humic and protein like

Protein-like Humic-like TTi = 1 2 « long » transit time
l l Coble, 1996 TTi = 0 = short transit time

High Low Seréne et al., 2022
digestibility ~ digestibility
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Transit Time index (TTi)

550 -
530

510

TTi calculation in our water samples

490
470

450

O

po & — Humic (H1 & H2)

o é ~ Humic (H1 & H2) + proteic (Tyr, Trp, P1)
E 370 ‘z:

350
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PARAFAC components
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Transit Time index (TTi)

1.00 - |
0.75 - ‘

0.25 - [ '
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Transit Time index (TTi)

Longer transit time for C, W

while they are temporaries

1.00 -

0.75-

0.50-"

0.25 -
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Transit Time index (TTi)

Longer transit time for C, W
while they are temporaries

Shorter transit time for B, A and
D while they are perenials
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Correlations & Tti : is there a match?

| w A B C D

TTi 2" longer  Mid transit Shorter Longer Mid transit
transit time time transit time  transit time time
All H and Trp
Correlations correlated:  correlation: Trp and P1 correlation :
Very short Mix of Short transit time
transit time waters?
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Correlations & Tti : is there a match?

Mid transit
time

Shorter
transit time

Mid transit
time

2"d Longer
transit time

Longer

TTi e
transit time

All Hand Trp
Correlations correlated: | correlation: Trp &nd P1 correlatfon :
Very short Mix of Short transit ti

transit time waters?

Opposite characteristics for temporary flows
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Hydrodynamic model
of flows

05
8
8
g
g
g
g
2
g
23

5 2 2 & 8 £ 8 3 &

g &8 ¥ & &8 8 8 &8 3% B

Mix between:

Fast flows coming by the fault
- high correlation between
compounds

Old water stored - High TTi

<. M1 ] because high humic
‘ Colors = stratigraphic sequence viadis, TotalEnergie: proportion
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Hydrodynamic model
of flows

VoSS 0 40 800 800 1000 1200 1400 1600 6
m) (m)

Mix between:

g 8 &8 8 § B

| Recent water coming by the fault >
5 i only correlation between Trp and P1
Older water stored = highest TTi

: R g | Mix between:

- Fast flows coming by the fault
- high correlation between
compounds
Old water stored - High TTi

<. because high humic
‘ Colors = stratigraphic sequence viadis, TotalEnergie: proportion
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Mix between: Mix between:

Fast flows coming by the fault Hyd rOdyn amic mode| BREEIEEIRUTET

- Lowest TTi

- Low TTi

Older water stored = only Of ﬂ OWS Older water stored = only
correlation between Trp and P1 correlation between Trp and P1

TVE:S 0 200 00 600 800 1000 1200 1400 1820

Mix between:

g 8 &8 8 § B

Recent water coming by the fault >
only correlation between Trp and P1
Older water stored = highest TTi

. P Mix between:

- Fast flows coming by the fault
- high correlation between
compounds
Old water stored - High TTi

<. because high humic
A Colors = stratigraphic sequence viadis, TotalEnergie: proportion
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Mix between: Mix between:

Fast flows coming by the fault Hyd rOdyn amic mode| BREEIEEIRUET

—> Lowest TTi = Low TTi
Older water stored = only Of ﬂ OWS - Older water stored = only
correlation between Trp and P1 correlation between Trp and P1

Close to the surface = Low TTi
Low poro-permeability—=> only
correlation between Trp and P1

C Mix between:

- Recent water coming by the fault >
only correlation between Trp and P1

- Older water stored = highest TTi

W Mix between:

- Fast flows coming by the fault
- high correlation between
compounds

- Old water stored - High TTi
because high humic
proportion

Colors = stratigraphic sequence
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Conclusions & perspectives

Fluorescence of organic matter
Compounds Correlation Comparison of different

Qualitative transit time flows from the same zone /

Transit Time index (TTi) pedo-climatic context
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Conclusions & perspectives

Fluorescence of organic matter
Qualitative transit time

Application to LSBB

Compounds Correlation Comparison of different

flows from the same zone /
pedo-climatic context

Transit Time index (TTi)

Improvement of LSBB
flows understanding
(mixes, fault circulations)

To go further

Identify the differents sub- Cross with natural tracers of
reservoir reservoir signature
(poro-permeability) (trace elements)
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Conclusions & perspectives

Fluorescence of organic matter
Qualitative transit time

Application to LSBB

Compounds Correlation Comparison of different

flows from the same zone /
pedo-climatic context

Transit Time index (TTi)

Improvement of LSBB
flows understanding
(mixes, fault circulations)

To go further

Identify the differents sub- Cross with natural tracers of
reservoir reservoir signature
(poro-permeability) (trace elements)

Improving the LSBB’s flows characterization
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TOoTAL

Use of natural organic matter fluorescence to illustrate transit time differences in
the unsaturated zone of karst hydrosystems. Application to the Low-Noise
Underground Laboratory (LSBB) of Rustrel, Pays d'Apt, in France

Leila Seréne, Naomi Mazzilli, Christophe Emblanch, Christelle Batiot-Guilhe, Milanka Babic, Julien Dupont, Roland Simler, Matthieu Blanc,
Gérard Massonnat

200 400 600 800 1000 1200 1400 1600

TTi and fluorescent correlation
compounds
— Qualitative transit time
- Improvement of LSBB'’s flows
characterization

Colors = stratigraphic sequence \ N\ odis, TotalEnergies |°
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