Innovative contaminant mass flux monitoring

in an aquifer subject to tidal effects
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The threat of contaminated sites

2.8 million potentially contaminated sites

3.2 billions €/year for polluted site management

Characterization
15%

85%
Remediation

(Panagos et al. 2013, Ernst & Young 2013)



A few years ago ...

Metal processing facility located on the bank of an estuary where tides occur

Underlying aquifer contaminated by heavy metals, risk for estuarine ecosystems
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Influence of tides on groundwater fluxes in the aquifer
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The Finite Volume Point Dilution Method



The Finite Volume Point Dilution Method

(Brouyere et al. 2008 J Cont Hydrol) Tracer injection pump Qin;
. . . . . . . \\\\\
Generalization of single well dilution technique by a continuous ﬁ®=
- Y
- mixing of the water column s
.. . . Tracer tank Cinj \\\ a Bl measurement CW
- tracer injection in a well - — ]

- monitoring tracer concentration

IM(t)
ot — Qinj Cinj + Qin Cin — Qout Cw
Q, 0
Allows the measurement of a flow rate & c

that transits through the screen and can be

converted into a groundwater flux in the aquifer.
9 : . Mixing pump  Qpix



Evolution of tracer concentration in the well during FVPDM

Increases and stabilizes at a value depending  on the tracer injection flow rate and

on the groundwater flux in the aquifer

Start of tracer t
injection
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Evolution of tracer concentration in the well during FVPDM

Increases and stabilizes at a value depending  on the tracer injection flow rate and

on the groundwater flux in the aquifer

Dilution =1 ( g”‘j )

out

w, stab




Evolution of tracer concentration in the well during FVPDM

decreases when flux increases (more dilution)

Start of tracer
injection



Evolution of tracer concentration in the well during FVPDM

decreases when flux increases (more dilution)

increases when flux decreases (less dilution)
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Evolution of tracer concentration in the well during FVPDM

decreases when flux increases (more dilution)

increases when flux decreases (less dilution)

W (tn W (tn
Cw(tns1) = <Qin}' Cinj + (At+1) Cw(tn)>/< (At+1) + Qinj + Qin(tn+1)>

Start of tracer t
injection



Accuracy validation of the transient solution in laboratory conditions

Test for a range of water flows

. . 1.03 1
Using the same experimental setup
Measured
water flux
- [m/d]
E@N our [ g?(,xx R? = 0.95
0.27L X
flow direction
0.34 1.08
Good accuracy of variable water flux Ereemribes) water il [l

monitoring by FVPDM in lab conditions



Field application




Coastal aquifer contaminated by heavy metals

Metal processing facility
Aquifer hydraulically connected to an estuary where tides occur

Contamination threatens the estuarine ecosystems (Mn, Zn, Cd, Pb)

Limited access to an industrial zone

still in activity




Combined complexity of a dynamic flow within an heterogeneous aquifer

Groundwater flow influenced by tides

Different natural and backfill materials
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Conceptual model of the site

E-W general groundwater flow

S-N groundwater flow parallel to the wharf
Metal concentrations decrease towards North

4 potential conceptual models

“~ Sheet Pile Wall . Monitoring well
Manganese concentration
& Groundwater flux ~ Exchange between

surface and groundwater




Experimental setup

Monitoring FVPDM on 6 monitoring wells

48 hours continuous running to capture 4 tide cycles

Simultaneous collection of groundwater samples

to analyze metal concentrations




Groundwater fluxes monitoring at PzE

Apparent groundwater flux varies from 0.6x104 to 2.1x10% m/s

Flux variations not strictly in phase with tide, no inversion of flow direction
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General observations of groundwater fluxes

Low unsynchronized fluxes at PzB, D, E, F
High and variable fluxes at PzA, C

No clear evidence of groundwater flow inversion

Measured groundwater flow [m/s] =




Update of conceptual model

Constant contaminant concentration in groundwater over tide

Groundwater flow system controlled

by incomes of groundwater from inland




Update of conceptual model

Constant contaminant concentration in groundwater over tide

Groundwater flow system controlled

by incomes of groundwater from inland

Discharge through specific points

in the sheet pile wall




Outcome of the study
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Outcome of the study

Cd mass flux at PzC is 2.4 kg m?d" -> 1000x higher than at other wells
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Outcome of the study

Cd mass flux at PzC is 2.4 kg m?d" -> 1000x higher than at other wells

92%
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FVPDM Integrated FVPDM module

Fully operational for groundwater flux monitoring
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Move forward

Think FLUX




