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History of 10 Years Austrian-Mexican Cooperation in Tulum /12016

2006: Pilot ground surveys in the Tulum karst system: ERT, EM.
2007: First aerogeophysical survey and ground measurements.
2008: Second aerogeophysical survey and ground measurements.

2008 - 2012: Project Xplore
Goals: Acquisition and advanced processing of geophysical data for input of innovative hydro-
geological modeling (UNINE) [ advanced imaging of the karst conduit system with AEM-data.

2009: Aerogeophysics near Cancun'and-Chetlimal, Socorro, extended ERT in Tulum.
2010: Large ground geophysical campaign (ERT, GPR, borehole geophysics,
set up of GWL logger network, wateranalysis on site and in laboratory).

2011: High precision GPS-GWL survey, retrievement of GWL/halocline loggers, water analysis.
2012: High precision GPS GWL survey with inland tides observation, water analysis.

2012 - 2017: Project Xibalba

Goal: Medium/Small scale acquisition of hydrogeological parameters with innovative
Methods (conduit geometry laser scanning, laser flux imaging) directly in the conduits,
ERT, extended GWL observation, tracer tests. Refining hydrological model (UNINE).

Starting 2016: Project Xib_TCS: Citizen supported ground water monitoring network.

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at p)
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The Nature Conservancy, Unesco (AEM Surveys Tulum 2008/2009)
Austrian Science Fund (projects HIRISK, Xplore, Xibalba, Xib_TCS)

Austrian Academy of Sciences (programme ,Man and Biosphere®)

Swiss Science Fund (project Xibalba)
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Project XPLORE - Problem Statement and Methodology
- Can AEM map the underground conduit system?

- Can a Karst water regime be described by combining aerogeophysical and
hydrogeological methods?

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 under water cave surveys Groundwater model

Calibration of AEM-measurements and groundwater model by ground survey data (ERT, bore hole geophysics,
piezometry, GPR)

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 6
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The measuremer

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
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Helicopter provided by the Mexican Marina (MilMi - 8)

4
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Survey area as seen from helicopter 10/11/2016
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load specialist

Bird 30 m below the helicopter
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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
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AEM-data inversion

surface layer and two sections
(software: UBC EM1DFM)

Estimated topography

of halocline
(G IEEES
4 S/m —isosurface)
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System drift analysis (FWEF - project HIRISK)

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 14
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Automatic signal drift correction by means of transmitter drift correction and
drift estimation (result: blue line)

in-phase (ppm) quadrature (ppm)

2850 Hz

2000 4000 6000 8000 10000 12000 14000 16000 18000
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Residual system drift estimation by analysis of signal/height correlation

Extrapolation of signal to h -> o (synthetic nulling during measurement) by fitting a model
to data within gliding window. Controlled by quality criterion (standard deviation of fit).
Works best above more homogenious layering .

s ...signal
s=qXh™+d g ...source strength o
h ... laser sensor height
s=qX((h+t)"+d n ... decay exponent (3)
d... drift offset

Line YUK003, 2008-survey

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 16
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Residual signal offset correction due to signal / altitude relation
(result: blue line)

in phase (ppm) quadrature (ppm)

340 Hz

3200 Hz

7190 Hz

28850 Hz

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






YULO54_detail

l0g,4[s/m]

L1






10/11/2016
Background reduction- 1¢
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Test of destripping scheme

Strips caused by residual signal drift
- spatially uncorrelated normal to flight lines.

Estimation of spatial frequency content
of system drift — low pass filtering

Iterative 3 point balancing.

Minimizing variability normal to lines by preserving
anomalies along lines.

Top: synthetic test.

438000 440000 442000 444000 446000 :

x [m]} st

Right: AEM 2015 - north part. -
Inversion result of upper layer (0-3 m). =
top: inversion with residual drift. n-

bottom: inversion with destripped ppm
data input.

442000 444000 446000 448000 450000 452000
x [m]

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



Northern survey
AR TR,

T
i

Southern survey
e =" | aouna Ka‘an Luum

Ox Bel Ha cave system

Yo Road to Punta Allen N - t—:}

Sea
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Conclusion of AEM survey in Tulum Karst:

- Halocline level is well resolved.

- GWLis not clearly resolved in karst (capillary effects). Interpretation with
conductivity isosurface problematical (varying porosity).

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

- Lateral resolution approx. 50-100m (spacing dependent), maximum vertical
resolution 2 m, maximum penetration depth approx. 50 metres in the case of salt
water saturated limestone.

- Statistical analysis of distribution of Karst structures enables numerical stochastic
simulation/generation of Karst network (Center for Geohydrology and Geothermics,
University of Neuchatel).

- AEM plus adapted data processing can deliver important 3d-information about
difficult accessible Karst systems in short time.

Arnulf Schiller, Geological Survey of Austria arnulf.schiller@geologie.ac.at 33



10/11/2016

Hydrological modeling — Karst simulator

Stochastic Modelling Group (Philippe Rer
Hydrogeology and Geothermics,
University of Neuchatel, Switzerlar

Realisations of conduit nets go

0

il ,r__,

Weak weighting of AEM data Strong weighting of AEM data
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Project Xibalba:
Acquisition of medium scale parameters for hydro-modelling
- 3D geometry laser scanning in underwater karst tunnels

arnulf.schiller@geologie.ac.at
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Principle of a mobil 10/11/201

for cross section ¢
caves

tunnel wall

Fixed baseline B

Real distance D

optical axis

aluminium bar buoyancy bodies

onetic compass

avigation sensor UW —laser head
containing 4 x 90°

laserplane
generated with
4 x 90° linelas
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Laserscanner - Calibration for B=2m (2,03m)

1000 1400
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Project Xibalba:
Experimental Laser Flux Imaging System

8 LF
Arnulf Schiller, Alejandro Lopez Tamayo ' arnulf.schiller@geologie.ac.at -
45
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BASIC IDEA AND S

bore hole with power/video cabelin

ILimestone

-

water filled ka
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CONCLUSION

Next Steps:

Slow turbul
Improved f
Variations
Superior r

Clear wate

Improving full au
Data reduction on sit
Extension to wider measur
Artificial particle generation (electrolysis)

Full autonomous system (under water battery)

Arnulf ScHiRer, Alejandro Lopez Tamayo arnulf.schiller@geologie.ac.at
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Project Xib_TCS:

Citizen supported groundwater monitoring in Tulum

GBA:
Project coordination

Vienna

Preparation of equipment

and course material

Cancun Preparation of equipment
and course material

Courses, set up
of weather and
ocean station,
maintenance

Software
development

Data processing
Server update

Water analysis Piezometer
teams team

GA Geological Survey of Austria

Hydromodelling
of base project

Weatherand
Ocean station
team

- amig,

Amigos de Si
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