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AEM for hydrogeology

e Drivers

- Accurate definition of aquifer character, aquifer bounds and
spatial variability

- Reliable determination of groundwater quality
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Requirements

e Successful interpretation of AEM data requires
- Good processing
- Good inversion
- Comparison with other data

« Examples
- TEMPEST
- SKyTEM
- AeroTEM/VTEM
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AEM for GW: Steps to success
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AEM data processing
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AEM data processing
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ACQUIFER THICKNESS
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Inversion for hydrogeology

 Forward response accuracy
- INVERSIONS can produce accurate, quantitative output

- Approximate methods (Emflow/ITEM) produce faster, first pass(?),
qualitative output

— Data interpretation requires caution - eg need to know depth of
investigation

 Dimensionality
- 1D (quasi 3D) adequate in majority cases - most aquifers are flat (ish)

- 3D might be needed in true 3D cases (still to be demonstrated in
hydrogeological example)

e But....Inversion is one part of the workflow
- Inaccurate raw data or processing =) bad inversion output
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Inversion of AEM data
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Data Space vs Model Space

Data space B o




Data Space vs Model Space
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Pilbara GW Studies - TEMPEST

Groundwater resources for Fe mining

350000 360000 370000 380000 390000

Robe River:
Interval Conductivity
13.2-18.5m

7640000
7640000

(=3 =3
=3 =3
=3 =3
=3 =3
@ @
©o ©o
~ ~

Legend
Pilbara_Coast_LN_GCS_GDA_1994

‘ Thrust - inferred
B Normal fault

= Magnetic Survey Boundary
— Major fault - confident

7620000
7620000

wmmms Major fault - inferred

— Late fault

—eDyke

~—— Geological boundary - basement
—— Pilbara_Coast_TR_GCS_GDA_1994

= drainin_pilbara

t 350000 360000 370000 380000 390000

Source:
Koomberi

0 2500 5,000 10,000 Metres Conductivity 13.2 to 18.5m m

| [ | (19 layer model) Conductivty (mS/m)

Aarhus Geophysics /



Depth of Investigation
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oolibin, WA - SkyTEM
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Average resistivity (depth)
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Average resistivity (depth)

Extent of palaeovalley sediments
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Average resistivity (depth)

Resistivity [Thimm]

Aarhus Geophysics /



Profile 14 and 17
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Spiritwood, Canada
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Conceptual hydrogeological model for = ey

buried-valley incision

A) Lithostratigraphy

Fractures
and roots

B) Hydrogeology

Regionally,
ground-
water table
mirrors
topography

Gravel and sand at the bottom of the
BVs

e\ *N
L X,

Vague stratification common

Sand, gravel,
mud, diamicton

Locally,
ground-
water table
inversed
relative to
topography
below small
closed
depressions

K = hydraulic conductivity in m/s

Cummings et al., 2012
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Interval Resistivity Images
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Aquifer Geometry
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~Seimic line and ERT .

r

VTEM
dataset

AeroTEM
dataset

Seismic
in the Spiritwood area
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DC and seismic vs VTEM

lection from seismic
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DC and seismic vs AeroTEM
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AeroTEM VS VTEM

VTEM
dataset

AeroTEM
dataset
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Prior information

e Adding prior information to inversion
- Boreholes
- Geological models
— Other geophysical data

e Goals
— Better resolve parameters with low sensitivity

- Achieve a better match to other data which may aid
integration of derived products

- Possible "recalibration” of AEM datasets

--“\~
S
.
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A-priori added to inversion

Re-inversion of the AEM data with the seismic data as “tight”

(low STD) a-priori constraints and a 10 2m bedrock res.

Shale boundary from Seismic

Shale boundary changes according to a-priori
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Summary

e Accurate aquifer characterisation requires
- Good processing
- Good inversion
- Comparison or integration with other data

GARBAGE IN

e Otherwise Vg GABBAGE OUT
: “-‘1

‘-‘\‘.
N
V.
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