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@ Background Information

Information content in Groundwater levels is limited.
Complexity unsuccessfully captured. (——>
/‘? Traditional methods only use one type of data (state-variable). :

@ mplementation of other variables (‘unconventional’) suggested by several studies.
C% Challenging application: underrepresented in the general practice.

v
Additional state-variable observations would improve understanding on
groundwater systems. i
Ob,‘],eCtlveS Studies are being
:@‘ “Assess unconventional state performed on
. variables to constrain potential
c groundwater model parameters | disposal systems
\— to reduce the uncertainty on for radioactive
model outcomes by joint waste.
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G‘&ﬂ Study area — The Neogene aquifer, Flanders (BE).
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(b) Helium inflow from deeper parts of the aquifer, neighbour-

3
b) ]‘{He = A+

pr 1—0
k

Pw ¢

% (1.19x10713[U] + 2.88 x 10~14[Th])

A R-51. Herentals 1 * R-2 Mol15, * L-60,** RN, RS54 . A
50 -
Quaternary
0 -
-5[] -
-100 A
-150 -
2004 WellID « R-51a
Sources of ‘*Hem production
,2 -
°0 Non-tabular Quaternary
Mol “Spriet” (thickness not to scale)
Kasterlee
Berchem & Voort
350 4 Distributed Boom Clay
24 Distributed Crustal Flux
t+ Homogeneous Crustal Flux
‘||| Faults
-400 - * . kel
Van Keer (1999); **cAT (2005)
5.0 10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 56.2

ing layers or of the whole underlying crust (basal He flux).

(c) Release of entrapped He from newly formed sediments.

X (Km)

ISC: Restricted



gtﬂ Methods.

“He,,4 production

Groundwater data Joint interpretation of

o
(historical) and particle ages (MODPATH, MT3D-USGS

- age tracer data (4C, *He, Development of “He,,q
compilation 3H/3He) and advective —> transport model with =——p and “He,,4 transport -

Coupled

groundwater flow

models inversion

collection 2016) [in review] (DREAM,,) [in prep.]

K Coupled Joint Inversion

flow/transport <PS02011*

' model

' Parameters

. Flow: conductivity.
Groundwater flow model Transport: diffusion,
(MODFLOW-2005) [casillas- source release factor.

Trasvina et al., 2021]
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model inversion
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S% Results —
DREAM,.

MAP Coupled

HK_Quat

0.020
0.015 1
a 0.010 1
0.005 1
) ;,’ 0.000 -
0 ﬁ/ - 0O 100 200 300 400
i o
3 HEK_Lillo
~~ 40
£
N
]
=
g 30
I
=
]
-
= - -
= .0- MAP ? 10 15
§ Simulated
%) Recharge
2/ (v 0.0100
o 95% C.1. 3
ont = ().()()_7_)
, , = 0.0050
. . n . o 002
b 10 20 30 40 50 -u 0.0« =2
Observed value (m) 05% C.1. 0.0000
200 300 400
-5 Out
— , — I DF_KClay
&) -+ . 2.5
= e 2.0
& o 7 Depth (m) L5
% . - 300 1.0
7 -
) I 250 0.5
= 4 200 0.0
=
& 107 , o 150
I 4
— ] . 100
-+
3 PROD_Boom
= 50 _
E ) m’
rd
E ]
= = L, X 1.0
= | MAP Simulated
- p—
7] 4 I 0.5
~— ’ O Quaternary & Pliocene 2
en . A
= 15 O Diesl F'm 0.0
< Berchem & Voorl Fms 0.500.751.001.251.50 1.75
—12.5 1o s A Figenbilzen Fm

log(Observed * Hepyq (ceSTP/kg))

MAP Flow

HK_Weelde

10O
0.75
0.50
0.25 §
0.00

5 10

HK_KClay

0.6
0.4

0.0

1.6
1.2
0.8

0.4

0.0
0.5

DF_Diest

1.25
1.00
0.75
0.50
0.25
0.00

PROD_Crust

1.0
0.5

0.0
0.500.751.001.251.50 L.75

distribution . posterior coupled . posterior flow . prior

HK_Malle HK_Merks
0.3 0.20
0.2 0.15
0.10
0.1 0.05

0.0 0.00

1C-03C-03¢-05C-05 0.50 0.75 1.00 1.25

Dispersion PROD_Spriet

W U

0.0

0.80.0 1.0 1.1 1.2 1.3 0.50 0.75 1.00 1.25

Parameter value

VA_KClay HK_Diest
0.004 03
0.003
0.2
0.002
0.001 0.1
0.000 0.0
250 500 750 1000 5 10 15 20
River Drain
0.006 0.00100
0.04 0.00075
0.00050
p)
0.02 0.00025
0.00 0.00000
0O 25 50 75 100 1000 2000 3000 4000
DF_Berch PROD _Diest
200000 2.0
150000 1.5
100000 L0
30000 0.5
0 0.0

1.50

0.12
0.08
0.04
0.00

HEK_Mol

HK_Berchem

3
2
1
0
05 L0 15 2

HFB_Rauw

)

1000
750
500
250
0

0.000.000.00§.000.008

PROD Berch

2.0
1.5
1.0
0.5
0.0

0.50 0.75 .00 1.25

1.50

PROD_CHomog

0.0

0.4 p

0.2

0.0 :
12 3 4



) Results —- DREAM, MAP.

Berchem & Voort Formations

Diest Formation

3
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f% Conclusions

Parameter uncertainty
reduced by the inclusion of
“He,, to condition the
model inversion.
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Small changes in the
hydraulic conductivity of
the Berchem & Voort
Formation may result in
large gvariations in the
long-term.

“He,., partially
addresses the problem
of parameter non-
uniqueness.
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your attention!
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