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Current research

 Hydrogeology
— Catchment scale hydrology and hydrogeology.
— Groundwater/surface water interactions.
— Groundwater flow in geological complex areas.

 Modelling
— Modelling flow in complex and heterogeneous media.

— Quantification of uncertainty of model parameters
and predictions.

— Data requirements in model calibration.

— Application of geophysical data in development and
calibration of groundwater models.



|II

perfectly calibrated K field” (realisation 1)

”Real K field” versus simple mode

(Confining bed leakances not visualised)



People involved in HyGEM

Troels N. Vilhelmsen
Ph.d. student

Gw. Modeling
Complex geology

Coupled inversion
MRS/Pumping test
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People involved in HyGEM

Toke H. Nielsen
M.Sc. student
Coupled inversion
MRS/Pumping test

Nikolaj K. Christensen
M.Sc. student
Coupled inversion
Prelim. test bench




People possibly involved in HYyGEM

Keld Remer Rasmussen
Assoc. Prof.

Hydrology

Stream flow

Well logging

HOBE




HOBE — Hydrological Observatory-
catchment
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People possibly involved in HYyGEM
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Sgren Erbs Poulsen
Ph.d. post doc
Numerical modeling

Density dep. flow/tranSp..
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Coastal groundwater
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WP5. Hydrological and geophysical
test-bench modeling

* Develop synthetic hydrogeological test-bench
to test how use of extensive geophysical data
can improve groundwater model calibration

and prediction

* Test for various
— hydrogeological settings
— geophysical data
— groundwater model predictions
— sequential and coupled inversion schemes



Types of hydrogeological settings

e Danish:
— Buried valley
—7?

 American/Australian/Dutch
—?



Types of geophysical data

Geoelectric
— 1D forward/1D inverse
— 3D forward/1D inverse

TEM

— 1D forward/1D inverse
— 3D forward/1D inverse

MRS

— 1D forward/1D inverse
P



Groundwater + geophysics inversion

schemes
e Sequential
— Geophysics -> Groundwater modeling
* Coupled
— Directly

— Regularization

e Stochastic



Forward / inversion software

EM1DINV
TEMDDD

MODFLOW

PEST

— Any number and types of models

— Regularization (SVD, Tikhonov, self-defined)

— Parallelized

— Close cooperation with John Doherty (developer)



An example



Studied volume: 5 km x 7 km x 200 m

Grid: 25mx25mx 10 m
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Pumping well
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perfectly calibrated K field” (realisation 1)

”Real K field” versus simple mode

(Confining bed leakances not visualised)
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calibrated leakance fields” (realisation 1)

Simple mode
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calibrated recharge field” (realisation 1)

”Real recharge field” versus simple mode
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 A”simple” coarse-grid groundwater model can
fit hydraulic head observations made in a
complicated system!



”Real drawdown” versus simple mode

IH

predicted drawdown” (realisation 1)
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predicted pathline” (realisation 1)

”Real pathline” versus simple mode




Recharge area predictions (forward-tracking particles that end in the well)

Realisation 1
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* The "simple” model predictions may be
poor!

* Simplification is inevitable, but less when
using extensive geophysics (?)

* HyGEM test bench: Test the latter
hypothesis

Doherty, J., and Christensen, S., 2011: Use of paired simple and complex models to reduce predictive
bias and quantify uncertainty. Water Resources Research , Vol. 47, DOI: 10.1029/2011WR010763.
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Contoured resistivities based on
Actual resistivity in 10-20 m depth. individual sounding inversions.
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Contoured resistivities based on
Actual resistivity in 20-30 m depth. individual sounding inversions.
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Contoured resistivities based on

Actual resistivity in 30-40 m depth. individual sounding inversions.
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Contoured resistivities based on
Actual resistivity in 40-50 m depth. individual sounding inversions.
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Dream world

K/p relation exists, is known, and
"uncontaminated”

1D geoelectric data inverted by 1D model

Groundwater and geophysical model
resolutions matches actual geological
resolution

30 head data and 250 soundings with little
error

Coupled inversion, 2500 parameters (K and p)



Resistivity map contoured from
Actual resistivity in 0-10 m depth. coupled inversion estimation




Resistivity map contoured from
Actual resistivity in 10-20 m depth. coupled inversion estimation
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Resistivity map contoured from
coupled inversion estimation
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Resistivity map contoured from
Actual resistivity in 30-40 m depth. coupled inversion estimation
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Resistivity map contoured from
Actual resistivity in 40-50 m depth. coupled inversion estimation
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