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Soil pinysicall invessigaiionss at thithe site FHultmbenger Heddd

| Infiltration area |

>4D — electrical resistivit tomography (ERT) »Slidewise trenching
during infiltration experiment

»>Material: Gley-podsol soil with a brillant blue tracer
above eolian sand

»TDR measurements » Tensiometer measurements »Tension infiltration measurements
after trenching after trenching
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Magnetic ressoraareee senunthinog (MRSS)
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Large scalle imvestigatiions vwilith MRS

»Investigation of groundwater levels with large loops
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Large scalle imvestigatiions vwilith MRS

»Investigation of groundwater levels with large loops
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Small scalle imvestigetiom wiith MRS

»Investigation of the unsaturated zone with small loops (and reference loops for EM noise cancellation)

Meas. loop :
O w% 10-m diameter

Ref. loop:
10x10 m
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Small scalle imvestigetiom wiith MRS

June 2011 March 2012

R e o data
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Small scalle imvestigaiom wtith WRS - Results

Van Genuchten June 2011 March 2012 Samples
O4[%] 21.3+0.5 24.3+0.2 38
O [%] 0.8+6.6 0.7+1.3 0.7
n 2.2+2.0 2.2+04 2.8
Zepie[M] 3.5+0.4 3.3+0.1 ?
a [1/cm] 0.04 0.04 0.04
0 — inversion result 0 — inversion result

0.3 8.0 0.1 0.2 0.3
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

Depth [cm]

»Rainfall event:

duration: 48 h
*Precipitation: 2 mm/h

etotal infiltrated water amount: 96 mm
*Bottom boundary condition: zero water flux

=Scenario: observation of actual groundwater recharge

0 j | | 0
50 + -50
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»Irrigation experiment:

eduration: 4 h

elrrigation: 37 mm/h

*Bottom boundary condition: zero pressure head

=Scenario: estimation of hydraulic conductivity

| \\\.‘\ I / 1
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

»Rainfall event:

eduration: 48 h
*Precipitation: 2 mm/h
stotal infiltrated water amount: 96 mm

*Bottom boundary condition: zero water flux

=Scenario: observation of actual groundwater recharge

»Irrigation experiment:

eduration: 4 h

eIrrigation: 37 mm/h

*Bottom boundary condition: zero pressure head

=Scenario: estimation of hydraulic conductivity
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>»MRS measurements:

«Standard measurement layout

(1 to 3 h per sounding)

« high data quality > high spatial resolution
eInversion on water content changes
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0.2 0.4

Theta [-]

0 0.1 0.3

»MR measurements:

*Alternative measurement layout

(5 to 10 min per measurement)

« fast repetition: high temporal resolution
*Observation of apparent water content
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MRS forward munbiting : :Stinulddibon of moaitoionng sseraBnss

»Rainfall event:

eduration: 48 h
*Precipitation: 2 mm/h

stotal infiltrated water amount: 96 mm

*Bottom boundary condition: zero water flux
=Scenario: observation of actual groundwater recharge

Data without noise
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0.2

Fulse moment g [As]
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MRS data approximation
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MRS forward munbiting : :Stinulddibon of moaitoionng sseraBnss

»Rainfall event:

eduration: 48 h

*Precipitation: 2 mm/h

stotal infiltrated water amount: 96 mm

*Bottom boundary condition: zero water flux

=Scenario: observation of actual groundwater recharge

Diata without noise Diata with realistic noise level MRS data approximation
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MRS forward munbiting : :Stinulddibon of moaitoionng sseraBnss

Depth [m]

0.5

1.4

25

»Rainfall event:

eduration: 48 h
*Precipitation: 2 mm/h

stotal infiltrated water amount: 96 mm

*Bottom boundary condition: zero water flux
=Scenario: observation of actual groundwater recharge

Data without noise

Total Water: 95.7 mm

——HYDRLUS1D
— MRS smooth inversion result

a

0.05 0.1 0.15
YWater content changes [m3fm3]

0.2

0&¢

Depth [m]

25¢

Data with realistic noise level

MRS data approximation

b2
T

10

L
7 w

-

'
o »

1.4}

Total Water: 105.5 mm

Yo s

Fulse moment g [As]
»

®  without noise
fit

— HYDRUS1D

— MRS smooth inversion result

®  with 0.3 n% noise
fit

1 1 g

a 0.0s 0.1 0.15
YWater content changes [m3fm3]
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2 3 4
Difference of signal amplitude [n']
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Small scalle imvestigetiom wiith MRS

Energized depth range
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

»>Irrigation experiment:

Energized depth range
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

»Irrigation experiment:
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MRS forward munbiting : :Stinulddibon of moaitoionng sseraBnss

»>Irrigation experiment: _
Energized depth range
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MRS forward munbiting : :Stinulddibon of moaitoionng sseraBnss

»>Irrigation experiment:
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Conclusions

» By parameterizing the capillary fringe, for instance usin g the van-Genuchten
model, MRS is able to:

- ... hon-invasively observe water table changes with time
- ... estimate the relative hydraulic conductivity roughly f rom the slope of the capillary fringe

»Observing the infltration front after a rainfall event s eems not possible,
spatial resolution under realistic noise conditions is not high enough!

» Outlook, Monitoring of irrigation experiments:

-fast repetitions of single MR measurements are possible
=> Observation of water content changes in specific dept h ranges

> Outlook: Combination with ERT measurements:

-Benefit of ERT: high spatial and temporal resolution
-Benefit of MR measurements: determination of water cont ent changes with time in specific depth
ranges (very low spatial resolution !)
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Magnetic ressoraaree seaunchinoy (MRSS)
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Hydrogeophysics — eleleiciric aantl electromagnetic mettbdsls
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Large scalle imvestiggioms withith TTHEX
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Large scalle imvestiggioms withith TTHEX
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» Model with second aquifer does also explain the measured T
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RESISTIVITY vs. DEPTH
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Large scalle imvestigatiions vwilith MRS

»Investigation of groundwater levels with large loops
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Small scalle imvestigrtiom wiith MRS — Data processing
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

wiater content distribution at 0 h

Costabel et al., Folie 26

30

0.0

T
:| — inversion result

Bundesanstalt fur
Geowissenschaften

e Und Rohstoffe

GEOZENTRUM HANNOVER



MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 48 h

0.0 , , . .
: /| — inversion result
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 72 h
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 96 h
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 144 h
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 192 h
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 240 h
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MRS forward muontbdintg : :Stinulddition of Momitoionmg Sseaaanss

water content distribution at 288 h
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1D-Forward mumbiingg : :Stinuldditboon of moaitoionmg Sseaaano
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1D-Forward mumbiingg : :Stinuldditboon of moaitoionmg Sseaaano
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