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Less than 6% of the total global groundwater
74 store was recharged less than 50 years ago
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Very young age suggests that the groundwater
comes from recent and local precipitation
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Very young age suggests that groundwater
comes from recent and local precipitation
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Very old age suggests that
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long ago

Le forae d'Ain Galak, Tchad. panri.co -



How much and how old?

Atmosphere Vegetation Surf ter Soil water
12000km* 1,000 km? @ 16,000 km?
< <

Modern groundwater
347780 km?

75 100 Years old or younger
049 0.63 Million km3

Groundwater 25
0.19

Older groundwater storage
21.97 million km3

(Gleeson et al. 2016)

20

15

km3

10

Volumes of groundwater stored in the
global water cycle

— — — |
0-25 yrs 25-50 yrs 50-75 yrs 75-100 yrs Older GW

storage



How much and how old?

Atmosphere Vegetation Surface water Soil water
12000km® 1,000 km? @) 16,000 km?
< . <

Modern groundwater
347,180 km?3

75 100 Years old or younger
049 063 Million km3
< <

Groundwater 25
019

Older groundwater storage
21.97 million km?3

(Gleeson et al. 2016)

. N
I Flux J

Residence time t:
t=ViJ

20

15

km3

10

Volumes of groundwater stored in the
global water cycle

— — — |
0-25 yrs 25-50 yrs 50-75 yrs 75-100 yrs Older GW

storage



How much and how old?

Atmosphere Vegetation Surf. ter Soil water
12,000 km3 1,000 km3 éoo kerJ 16,000 km3
< <

Modern groundwater
3477180 km?3

Groundwater 257 50 75 100 Years old or younger
019 035 049 063 Millionkm?3

Older groundwater storage
21.97 million km3

(Gleeson et al. 2016)

| Flux J Volume

Residence time t:
t=VNJ

Volumes of groundwater stored in the
global water cycle

20

15

km3

10

o _— — — I

0-25 yrs 25-50 yrs 50-75 yrs 75-100 yrs Older GW
storage

Fluxes of groundwater stored in the global
water cycle

=
o

103 km3/yr

0-25 yrs 25-50 yrs 50-75 yrs 75-100 yrs Older GW
storage

oON B~ O ®



How much and how old?

Atmosphere Vegetation Surf ter Soil water
12,000 km3 1,000 km3 éoo kn/ﬁ)) 16,000 km3
< <

Modern groundwater
347780 km?

Groundwater 25 VA\\ 50
019 035 049 063 Million km3

Older groundwater storage
21.97 million km3

(Gleeson et al. 2016)

100

80

60

%

40

20

N W WbH
U1 O U1 O

% of the total GW fluxes
== N
owowuwuo

% Volumes of groundwater stored in the

global water cycle

50-75 yrs 75-100 yrs Older GW
storage

0-25 yrs 25-50 yrs

Fluxes of groundwater stored in the global

water cycle

0-25 yrs 25-50 yrs 50-75 yrs 75-100 yrs Older GW

storage



How much and how old?

Atmosphere Vegetation Surf ter Soil water
12,000km? 1,000 km? % 16,000 km?
< <

Modern groundwater
347,180 km?3

75 100 Years old or younger
049 0.63 Million km3

<

Groundwater 25 )
0.19

Older groundwater storage
21.97 million km3

(Gleeson et al. 2016)

100

80

60

%

40

20

H
o U1 O Un

o

B =R NNWWLDS
(6} (6}

o

% of the total GW fluxes

o un

% Volumes of groundwater stored in the

global water cycle

50-75 yrs 75-100 yrs Older GW
storage

0-25 yrs 25-50 yrs

Fluxes of groundwater stored in the global

water cycle

0-25 yrs 25-50 yrs 50-75 yrs 75-100 yrs Older GW

storage




Iscloge Ratio Mass Spectromolry [IRMS)
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 Basics on few tracers

« Examples



Trace the time

concentration

» Accumulation: decay of radioactive

elements whitin the aquifer “He, “°Ar, ...

» Radioactive tracers: decay of a initial

activity 3H, 85Kr, 39Ar, 14C, 81K

 Transient tracers : variable input,

related to human activities (3H), (*4C),
CFC, SF, 2H-180




Trace the time
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Trace the time using stable isotopes
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Trace the time using stable isotopes

Pore water in the USZ
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Trace the time using stable isotopes
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A deep understanding of tracer transfer within the USZ

Photosynthesis
Plant (C3)
if%mfgotol\;%cl%o Atmosphere
P §"°C~-8%o
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A
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...... .- . ............... .........
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Rhizospheric L Degradation
respiration respiration of organic CO, diffusion

Root-derived CO, matter

13 (1)
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(1) from literature (Lichtfouse et al., 1995; Lin et al., 1999; Krull et al., 2002; Badeck et al., 2005;

Chemidlin Prévost-Bouré et al., 2009; Marron et al., 2009),

(2) from soil CO, data in Fontainebleau sands site,

(3) The diffusion of CO, from soil to atmosphere leads to a “C enrichment of +4.4%, between soil CO, and the CO, produced
by biological activity (Cerling et al., 1991; Davidson, 1995)

(4) from soil CO, data and the enrichment factor associated to diffusion

(Gillon et al, 2012)



Radiocarbon in modern water
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Iscloge Ratio Mass Spectromolry [IRMS)
Notie Gas Miss Spectiomalry (NG-MS)
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Trace the time, the stars
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inorganic, colorless, odorless,
non-flammable, extremely
potent greenhouse gas

excellent electrical insulator.

High atmospheric residence

time : up to 3200 yrs (Ravishankara
etal., 1993)

Low solubility + T dependence

solubility [N SF gl H20]
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(Klump, 2007)
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http://upload.wikimedia.org/wikipedia/commons/d/d3/Sulfur-hexafluoride-3D-vdW.png
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Sampling the USZ in the Paris Basin

Origin and composition of excess air

Classical model: Complete dissolution of entrapped air bubbles
= composition of excess air = composition of atmospheric air

12% —
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6%
4%
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He Ne Ar Kr Xe

water + air air entrapment compl. dissolution
Excess pattern

A: Concentration of excess air

C, =C/U(T,S,P)+ Az

From W. Aeschbach-Hertigh


http://upload.wikimedia.org/wikipedia/commons/d/d3/Sulfur-hexafluoride-3D-vdW.png

Head space +
chromatographic separation

GC+ ECD
e ~0,5L of water

‘ CFC-113
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85Kr, Heidelberg
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85Kr activity normalized to
stable Kr content : don’t care
about solubility or excess air

Low contents
Need of ~ 300 L (Kr)
Degazed on field

Water inlet
Extraction cylinder
Water outlet
Pumps, Compressor
Electronic controller
Sample tank



e Separation of Kr
e Low level 3 couting

8Kr—8Rb+e+n

33«:':

( . L Climate and Environmental Physics

Roland Purtschert,

Climate and Environmental Physics
Physics Institute
University of Bern
email: purtschert@climate.unibe.ch

(Loosli et al 1999)


http://www.climate.unibe.ch/?L1=home

Trace the time with other tracers
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Trace the time with other tracers
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Dating of young groundwater using four
anthropogenic trace gases (SFg, SFsCF3, CFC-12 and
Halon-1301): methodology and first results
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A rapid method for the measurement of sulfur hexafluoride
(SFs), trifluoromethyl sulfur pentafluoride (SFsCF3), and
Halon 1211 (CF,CIBr) in hydrologic tracer studies

Eurybiades Busenberg and L. Niel Plummer
U.S. Geological Survey, Mail Stop 423, Reston, Virginia 20192, USA (ebusenbe@usgs.gov; nplummer@usgs. gov)

[1] A rapid headspace method for the simultancous laboratory determination of intentionally introduced
hydrologic tracers, sulfur hexafluoride (SFg), trifluoromethyl sulfur pentafluoride (SFsCF;), Halon 1211
(CF2ClIBr), and other halocarbons in water and gases is described. The high sensitivity of the procedure
allows for introduction of minimal tracer mass (a few grams) into hydrologic systems with a large dynamic
range of analytical detection (dilutions to 1:10%). Analysis times by gas chromatography with electron cap-
ture detector are less than 1 min for SFg; about 2 min for SF4 and SFsCF3; and 4 min for SF¢, SFsCF;, and
Halon 121 1. Many samples can be rapidly collected, preserved in stoppered septum bottles, and analyzed at
a later time in the laboratory. Examples are provided showing the effectiveness of the gas tracer test studies
in varied hydrogeological settings.

Jakub Bartyzel & Kazimierz Rozanski

imierz Rozanski (2016): Dating of young
trace gases (SFg, SFsCF3, CFC-12 and Halon-1301);
in Environmental and Health Studies, DOI:
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In a nutshell, Hydrogeochemists transform the dark side of
human activity into tools for environmental management !

neonmag.ir



Trace the time, not the age !
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(Modified from Bakalowicz, 2003 in Delbart 2013)






My age is 400 kdays 1
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The age of groundwater - Definitions, models and why we do not need @msmrk
this term

Axel Suckow *
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ARTICLE INFO ABSTRACT

Article history: The use of environmental tracers to characterise time scales when investigating groundwater is a technol-
Available online 24 May 2014 ogy that has been in use for half a century. Its usefulness is beyond controversy. However, the use of the
word “age” for groundwater connected with these techniques is misleading due to its inherent connection
to the general understanding of human age. “Age” as in the understanding of human age cannot be




.. the “age” of a groundwater sample corresponds generally to a time
distribution of many elementary flows. Thus, except in the theoretical case
of a pure piston flow system, or of stationary waters entrapped in a
geological formation, the concept of groundwater age has little

significance.

— Mean Residence Time (MRT)

J.-Ch. Fontes (1983) in Guidebook on Nuclear Techniques in Hydrology, IAEA



Hunting the MRT
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We only find what we look for



Lumped parameter models

Standard procedure (Forward Modeling)

Tracer ‘ ‘ ‘ MRT

concentration
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age-dependent weight function

(Modified from Suckow 2014)



Finding the right sample




Anticipate age stratification

Flow distribution
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Anticipate age stratification
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Piezometers are not geochemists best friends....
First discrepancy between model and flow



Anticipate age stratification
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Lumped parameter models / Multi tracers

Standard procedure (Forward Modeling)
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Lumped parameter models / Multi tracers

Standard procedure (Forward Modeling)
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Chalk catchment in southern England

SF, (fmol/L)

3.0

2 tracers, 10 samples

Regime 1 ="

*

‘Piston’ Flow
25 F Regime 2
Exponential Mixing
20 | Regime 3
boszailodh-S
Surface water / groundwater
15 F interaction
“| Tl | ¢
=g 4 You—
05 F
Direction of Groundwater
00 |
0 1 2 3 4
CFC-12 (pmal/L)

(Gooddy et al, 2006)



Fontainebleau sands aquifer
4 tracers, 7 samples

Spatially extended recharge 150-200 mm/a

Vol el

Soil surface we I
v v v
Unsaturated  Advective-diffusive transport " v
zone , ' .
+ * Water table ‘ * + +

Need to solve all the equations in a single model :

Cont” (T Ty ) = [ (T =) €XP(— A )N T, ) -
0

out

c.H(T,T,,,m) =jc§,“ (T —1)-exp(=4s, 1) -h(t, T,,,m) - dt
0

Cotf (T, T m) = [ €7 (T —1)-(L—exp(=A,, 1) - h(t, T, m) - dit
0

=>» Minimize x? function

Ratio (ModelMeasurement)

Considering unsaturated zone modelling I

B CKr B CH [ CHe

CGEB

SM SA

LEN1D IMR SLP4  SLPS

(Corcho et al, 2007)



Inferring groundwater ages in complex aquifers using gas tracers and tritium
50-years’ time series of a water-bound tracer (3H)
+ a set of #Kr, 39Ar, CFCs, SF, sampled at a single date
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Modern groundwater residence time in a
highly anthropized watershed

2 tracers

+ Variable recharge rates

+ Variable tracers input

1000 A
\ainfall

b ——

3H (TU)

1

0
1952 1962 1972 1982 1992 2002 2012
time (years)

recharge

4 Flood irrigation

Drip irrigation

1
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1
1
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Uity R iy B
1
1
1

No irrigation

» time

(P. Baudron et al, 2013)
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6 examples, O value of MRT

MRT of 25 yrs, ..50 yrs..

Significant only if :
MRT + a distribution (age structure)

As same MRT may lead to different issue




Summary

— ckoge R Mass Sosctomery (RWS)
Notie Guen Mams Spectromatry (NG-MS)

Gos

— Ragdomety )
——— Acomrator M Spmctumeiry (AVS)
s Ao Trap Trnce Anstyws (ATTA)

“He: 50- >100 000a (age estimates)
T/ He: 0.5-40a | —
| —

— e A complete set of tracers in

Halon, H-1301
SFsCF:
Trifluoromethyl sulphur pentafluoride

— e the perfect range of MRT
Tritium: 1-50a $IKr: >100 000a
(admixture only) @
L — | S———
8D, 8'%0: 0.1-3a 1c 14C: 2ka-40ka
M SD’ 6180
0.1 1 10 100 1000 10000 00000

Groundwater Age [years]

Avoid “ages” for GW
Use “Mean Residence Time”

Tracers ‘ ‘ ‘ MRT

concentrations

Evidence, characterize
hidden pathways

Never dissociate MRT and age structure
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