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Project XPLORE - Problem Statement and Methodology 22/09/2017
- Can AEM map the underground conduit system?

- Can a Karst water regime be modelled by combining aerogeophysical and
hydrogeological input data?

Methodology:

Pilot surveys, simulation of measurement situation — estimation of expected measurement signal

AEM-Survey electrical conductivity in the subsurface (through 1D-inversion)

El. Conductivity lateral and vertical distribution of hydrogeological relevant

structures (due to distribution of porosity, water saturation, ion
concentration, permeability, GWL, halocline) — Map of potential

conduits.
Structural information from
AEM and underwater cave surveys Groundwater model (UNINE) Archie’s law (Archie 1942)
Calibration of AEM-measurements and p. =ad™S™p, 228
groun dwater model by gr ound sur vey data P, ... spezifischer elektrischer Widerstand der Formation

(ERT, bore hole geophysics, piezometry, GPR)

Py --- spezifischer elektrischer Widerstand der Porenfliissigkeit (zumeist Wasser)

¢ ... Porositat

S... Séttigung (Anteil des Porenvolumens das mit Fliissigkeit gefiillt ist)

Arnulf Schiller, Geological Survey of Austria . :
a, m, n... empirisch bestimmte Konstanten




22/09/2017

The measuremen

data monitoring and recording
DOS (WINDOWS NT 4.0%)

laser-altimeter — RIEGL

GPS navigation — 2*TRIMBLE 2000
(GLONASS ASHTECH™)

infrared sensor (8-13mm) - RAYTEK
video camera (flightpath recorder)

gammaray spectrometry -
PICODAS PGAM-1000
1 NaJ crystal mit 4.2 | “UP”
8 NaJ crytals mit 33.6 | “DOWN”"

GPS MAG []

30RNE SENSOR - HUMMINGBIRD
4 frequency electromagnetic system

Cesiumtype magnetometer Scintrex CS-2

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 5
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Helicopter provided by the Mexican Marina (MilMi - 8)
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Survey area as seen from helicopter 22/09/2017
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load specialist

Bird 30 m below the helicopter

Arnulf Schiller, Geological Survey of Austria arnulf.schiller(@geologie.ac.at 8
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The 2007/2008 AEM sur

known caves are detected

Edited and height reduced raw si

rom 3k_in, 7k_in — phases

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 9



22/09/2017
AEM-data inversion

surface layer and two sections halocli
(software: UBC EM1DFM) alocline

Estimated topography of

Resistivity ranges found:
Above halocline: 10 to 200 Ohmm
Below halocline 0.7-50 Ohmm

Seawater: 0.2-0.25 Ohmm
Freshwater: around 4 Ohmm
Brakish water: around 1 Ohmm

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 10
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22/09/2017
Example: Geoelectrics and GPR

N Iteration § AHS erver - 6.8%

Unit elrctrade spacing 1,08 m.

Degth  Peslen 1Ak ari=31%

1 blogsl Ressbty Bection
--.I-“l--rplzli_--m--“--
E I, i ;] b vy 3

£0K L It

Reszsiaty @ chnm Unil elechrade spacng 200m
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Conclusion of AEM survey in Tulum Karst:

- Halocline level is well resolved.
- GWLis not clearly resolved in AEM (capillary effects ? Frequency problem?).

- Interpretation of Halocline with conductivity isosurface problematical (varying
porosity).

- Distribution of electrical conductivity derived from AEM correlates to surveyed caves
and yields picture of potential karst conduit distribution - lateral and in depth.

- Structures also visible at the reef (saltwater cover) and in lagoon area (brakish water
cover)

Questions:

- How can the GWL be better resolved?
- Isit possible to resolve structures below seawater (shielding?)

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 17
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Models
System

| |¥requenz[Hz] | Konfiguration | Abstand (Ix-Rx) [m] |
[ Messwert 1(f)| 340 [ vertikalkoplanar | 453 |

C#D ¢> vertikal koplanar

Transmitter Receiver

‘e‘ ‘e‘ horizontal koaxial

Transmitter Receiver

Layered halfspace

: Messpunkt

]
y 40m
v X

p, =250 Ohmm

Emigma, 1d

Arnulf Schiller, Geological Survey of Austria
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Halfspace with conduits

Oberfliche
1. Schicht
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