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TRAVEL GRANT REPORT

Dr John Triantafilis is a Senior Lecturer in the School of Biological, Earth and
Environmental Sciences at the University of New South Wales.

He works in the area of Digital Soil Mapping (DSM) which involves the computer
assisted generation of soil maps using statistical and mathematical methods which couple
remote (e.g. gamma-ray spectrometry) and proximal sensing (e.g. electromagnetic [EM]
induction) data to soil information and for the ultimate purpose of mapping the soil and
regolith in 2- and 3-dimensions.

A Conference Travel application was granted by the CRDC and in order for Dr
Triantafilis to attend the 24™ Symposium on the Application of Geophysics to Environmental
and Engineering Problems between April 10-14 (2011) in Charleston, South Carolina USA.

2. What were the:
a) major findings and outcomes

The application was made in order to present oral research papers pertaining

predominantly to DSM of cotton growing areas and using legacy EM and soil data collected
from various CRDC, Australian Cotton CRC and Natural Heritage Trust projects. The
presentations included four oral (1-4) and one workshop presentation (5) and as follows:

i) Mapping Soil and Regolith Properties in 3-Dimensions Using Electromagnetic Imaging in the
Lower Gwydir Valley, NSW, Australia, Kira Bruzgulis, John Triantafilis and Fernando Acacio
Monteiro Santos;

i) Digital Soil Class Mapping at the Regional Level Using Gamma-Ray Spectrometry and a
Numerical Clustering Algorithm, John Triantafilis and Nina Earl;

iii) Digital Soil Mapping with Depth Using EM38 and EM31 Signal Data and a 1-D Laterally
Constrained Inversion Model, John Triantafilis, and Fernando Acacio Monteiro Santos;

iv) Digital Soil Mapping of Available Water Content In the Lower Macquarie Valley, Australia,
John Triantafilis, and Liam Gooley; and,

v) DSM: applications in 2-d and 3-d soil and regolith mapping in cotton growing areas using
legacy soil and ancillary data, John Triantafilis.

b) other highlights

The major highlights were that several of the oral presentation papers described above
were subsequently written up into research papers with some published in the Geophysics
Special Issue based on papers presented at the Symposium and during the Workshop. In
addition, several other papers have been published or are in review with a couple of others
nearing the final stages of preparation. This includes:

i) Triantafilis, J., Monteiro Santos’ F.A. 2013. Electromagnetic conductivity imaging (EMCI) of
soil across a prior stream channel in the lower Gwydir valley. Geoderma, in prep,

i) Triantafilis, J., Terhune 1V, C.H., Monteiro Santos’' F.A. 2013. Generating an electromagnetic
conductivity image (EMCI) using a DUALEM-421 and EM34 signal data and inversion
software (EM4Soil). Environmental Modelling and Software, in review, and

iii) Triantafilis, J., Gibbs, 1.D., Earl, N.Y., 2012. Digital soil pattern recognition in the lower Namoi
valley using numerical clustering of gamma-ray spectrometry data. Geoderma, in press,

iv) Woodforth, A., Triantafilis, J., Cupitt J., Malik, R.S., Geering, H., 2012. Mapping estimated
deep drainage in the lower Namoi Valley using a chloride mass balance model and EM34
data. Geophysics, 77, WB245-256, and

v) Buchanan, S.M., Triantafilis, J., Odeh, 1.0.A., 2012. Digital soil mapping of compositional
particle-size fractions using proximal and remotely sensed ancillary data. Geophysics, 77,
WB201-211.

In addition, inversion software (EM4Soil Software) which is being used to develop 2-d
and 3-d models of legacy EM data which can be calibrated using legacy soil data was also
show cased. Some details of the software are provided (see Page 3).

The work indicated above was recently presented as oral and poster presentations
(see Page 4) at two international research conferences held in Australia (July and August,
2012).
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EMA4Soil Software

‘The Data Selection pop-up box will appear Choose sither the RAW DATA De=

EM4Soil
Quick Start

A program for 1-D laterally constrained inversion of EM data

Version-1.01 When the grharafitsrrions desimasd hava been complerad, the Inversion pap-up
: . ‘Ths Dats Selection pop-up box will appear Chaose sithar tha RAW DATA Prass OK boz appears. Press OK

Anotier Dats Selection pog-up bax will sppear. Rindicetss s e time
{he conplation pEthe imein praress Boore s TR STER.S, Plotting the inverted , dats (L. true electrical conductivity <}

a To plot the invertsd dars us= the Plot Inverted Model £om the sction menu on the left

This Software is produced by EM-TOMO
Email: emtomog@gmail.com

Februsry 2012

Arthis paint the scrsen may 20 blank 3 is in operation Evidencs for
progress of the invarsion iterstions can be seen by clickingon the sofwass, which is
runningin the menu bar

The EM4Soil software is currently available from the EM-TOMO website
(http://www.emtomo.com/home/) and is being used by students here at UNSW as part of
various honours projects.

The software is increasingly being purchased by geophysical, environmental and
earth science consultants (e.g. Precision Agronomics, Australia) and for use in natural
resource management and mineral exploration. The software will also be extended and in
the near future will be capable of developing 3d models of the regolith.

It is further envisaged that the software will be enhanced by various postgradaute
students and will be used in developing teaching modules in first (GEOS1211-Environmental
Earth Science) and third year (GEOS3721-Australian Soil Use and Management) courses.

EMTOMO

AboutUs NewsandEvents Products Related Publications ~ Services HowtoBuy Downloads Demo Clients Contact Us

EMTOMO LDA is a small company mainly devoted to the development of software for interpretation of geophysical data acquired using ElectroMagnetic
methods. EMTOMO also provide consulting services in the use of EM methods. You can find information about our products and services online or

contact us for help

EMTOMO has developed the first and more complete software for inversion of data collected with DUALEM sensors (but also with GEONICS, GEM and
GSSI-PROFILER) - the EM4Soil package allows you to get more information from your data
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Poster presentations

21" EMIW, Darwin (25-31 July)

g Electromagnetic conductivity imaging using
CH a DUALEM-421 and EM4Soil software
Never Stand Still

John Triantaftiz and
Femando Acacio Montsiro Santos.
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Modelling prior stream and palaeo-channels
usmg a DUALEM-421, EM34 and EM4Soil software

d
Lisboai

Naver Staad Still ﬁ’ —..__.':';.:_.
Introduction

The Muray-Daring Basim (MDB) s considered the bread
basket of Auzirala. One reaszon iz the fertie nature of the
Vertozals that characlerize the Ciay piains, Owing 1 the semi-
and cimate large areas have been developed for irigation.
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3. Detail duration of visit and purpose of visit to people/places.

Attend

24™ Symposium on Application of Geophysics to Environmental and Engineering Problems
April 10-14, 2011

Charleston,

South Carolina, USA.

4. a) Are there any potential areas worth following up as a result of the travel?

The potential to exploit the development of EM inversion software, and as
demonstrated during the oral and poster presentations, is substantial owing to the large
amount of legacy EM data collected as part of several CRDC, Australian Cotton CRC and
Natural Heritage Trust Grants. This is because the results can be calibrated against
extensive legacy soil data bases collected and compiled from the same grants.

b) Any relevance or possible impact on the Australian Cotton Industry?

The significance and relevance of this to the Australian Cotton Industry is that the
results have widespread application and with respect to natural resource management.

In the first instance, and owing to the diminishing amount of water available for
irrigation owing to pressures from other users (e.g. coal mining) and for environmental flows,
one of the most important priorities is identifying where there are inefficiencies in the water
distribution network on-farm and in water storage reservoirs. The problems arise where there
is connectivity between prior stream channels and underlying palaeochannels or where there
is insufficient depth of clay above a palaeochannel (Jim Purcell, private communication).

One way of generating information about the connectivity between prior stream
channels, depth of clay and the location of palaeochannels is developing 3-d models of the
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regolith using legacy EM data (and EM4Soil Software) which can be calibrated and validated
using existing legacy soil data. Using this approach it should be possible to identify where
susceptible water reservoirs are currently located and where improvements can be made to
water distribution networks and/or where more suitable locations exist for their relocation.

The approach also has applications to potentially identify the presence of good
guality and/or saline ground water whose extent can be mapped in 3-d.

5. How do you intend to share the knowledge you have gained with other
people in the cotton industry?

It is envisaged that Australian Cotton Grower Articles will be written in the near
future.

Acknowledgement
| thank the Cotton Research and Development Corporation, and in particular Mr Bruce Pyke,
for the funding ($2,500) to allow me to attend the 24™ Symposium on Application of
Geophysics to Environmental and Engineering Problems April 10-14, 2011 Charleston,
South Carolina, USA.
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Triantafilis et al., (2012).
Geophysics 77, WB99-107.

Buchanan et al (2012).
Geophysics, 77, WB201-211.

GEOFEYSICS, WOL 77, NO.4 (R AUGUST2DIZ) P WBY-WBI00, S FIGS, 2 TABLES.
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Modeling the electrical conductivity of hydrogeological strata using

joint-

nversion of loop-loop electromagnetic data

J. Triantafilis’, V. Wong?, F. A. Monteiro Santos®, D. Page', and R. Wege'

CHNETEC, WL T M4 (R ATGOST TS WG 5 S TAREER

ABSTRACT

In casstab estuarine agriculturl landscapes that are inherntly
rich insulfidic sediments and saline watcr-tables, natural resource
management dats need to be callecied b desarbe the heteroge-

groundwater. Geophysical methods, such a5 electromagnetic
(EM) induction instruments, arc increasingly being used. This
ie because they measure apparent soil electrical conductivity
,-mS fm, which has previously been successfully wed 0
map the arcal distribution of soil {<.g. salinity) and hydrological
(eg, pth) properdies. We expl potent

next-generation DUALEN-421 and EM34 to be used indepen-

struined
of large o, (1, > 100 mS/m) We.ppnaddnsdgnnmm de-
velop electrical

DUALEM-421 and EM34 o, data acquired scross mn csturne
landscape and situated within Quaternary fluvial sediments )
centto Rocky Mouth Creek on the far north coast of New South
Wales, Auswalia We compared this joint-inversion model with
inversions of the DUALEM-421 and EM3 o, data indepen-
dently of each ofher. Far the mast part, the general pattems of
the inverted models of @ compare favorably with existing pedo-
logical and hydmigeslogical interpretations, based an resuls
achieved during a previous geosledrical survey. However, e
inversion provides a more resbstic modl of the location

dently and with cach other to
we can use to mpresent the pedological and hydm geological
setting of alluvial and estuarine sediments. A 1D laterally con-

afa ith the location
of sulfidic sodiments.

INTRODUCTION

In coastal-estuarine agricultural landscapes, the main aim in nat-
wral resource management (NRM) is to ensure tha the intended
land use is camried out in sympathy with the landscape and mini-
‘mizes deleterious impacts on the seil andior the water resource, Un-
forunately, there are many instinces where the intmduction of
agriculture in these areas has led to the degradation of natural re-
sources. For example, on the estuarine floodplins on the far north

Ieads to the mobilization of large amounts of sulfuric acid, and the
formation of acid sulfate soil. Agricuburally, decreasing soil pH
‘mabilizes aluminum and other trce metaks to toxic levels, which
in tum kads to loss of productivity. The environmental conse-
quences include, but are not limited to, the production of Fe flocs
which enat benthas, and chronic and acute discharge of acidity and

associad trace metals (Sammut ot al, 1996).
To improve NRM outeames in these landscapes, geophysical
EM) ‘might

coast of northem New South Walss, drains
have heen constructsd to lower water tables and allow for land uses
such asimproved pastures for beef catde md sugarcans production.
These floodplains are, however, commonly underlain by sulfidic
sediments that are dominated by FeS,. Lowering of water tables
due 1o drainage results in oxidation of the suFidic ssdiments. This

wseript reveived by the Editor 14 Decermber 2011; revised manuscript recei
'm University of New South Wales, School of Biological, Earth, and Ewironmentsl Science:

‘mm\ Uiy, Scholof G
3 Ehbos, insito Bon |

and Environmentsl S
W Laborakirio

ek of Haplasin Coophyeicine: AT ris reened

DoaTss109 i 20121 122.108.145.425. RESEIEUSEN 2Ublect I DEG Enss oF CROUTONE 368 T 2 Use 2

e useful sat-
ting. This is becanse EM instruments such as the EM3§ (McNail,
1990) measu apparent soil electrical conductivity (o,-mS,/m),
which has been wsed successfully to assess soil variations, such
a5 depth to clay (Sudduth et al_, 2010) and salinity (Yao md Yang,
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Digital soil mapping of compositional particle-size fractions
using proximal and remotely sensed ancillary data

S. Buchanan', J. Triantafilis’, 1.0.A. Odeh?, and R. Subansinghe®

ABSTRACT

“The soil panticle-sizc fractions (PSFs) are one of fhe mostim-
portant anribues to influence soil physical fe.g.. soil hydmulic
propertics) and chemical (eg.. cation exchange) prcesses.
There: thercfore, for
prediction of PSFsm\m}:l'uvandﬂltym ‘manage agricultural
land. € n high-
resolution predictions el sail pq:m is becoming - populr.
This approach is known as “digital soil mapping” However,
most commonly emplayed techniques (.., muliple linear re-
gression or MLR) do not consider the s pecial requirements of a
regionalized composition, namely PSE: (1) should be nonnega-
tive (2) should sum 10 a constnt a each location, and (3) esti-
mation should be constrained to producc an unbiased
estimation, to avoid false intemetation. Previous studies have

shown that the use of the additive log-ratio transformation
(ALR) is an appropriate technigue to meet the requirements
of 2 composition. In this study, we investigated the use of an-
cillary data fi.c., clecvomagnatic (EM), gamma-ray specrome-
try, Landsat TM, and a digital elevation model to predia soil
PSF using MLR and geverlized additive models (GAM) in
a sandard form and with an ALR mansformation applicd to
the optimal method (GAM-ALR). The results show that the
use of ancillary data improved prediction precision by around
0% for day, 20% for sand, and 7% for silt for all techniques
MLR, GAM, and GAM-ALR) when compared to ardinary kri-
ging. However, the ALR technigue had the advantage of adher-
ing to the sperial rqmm-nms of a composition, with all

pmnmu. point and giving more accurate textural pmmm

INTRODUCTION

Sail texture is determined by its constituent particle-size fractions
(PSFs); eg., sand, silt, and clay. In agricalture, understanding sail
texture & crucial for economic and envimnmental easons. This is
becase PSFs play a central mle in defining key soil propenics such
as hydraulic conductivity, water holding capacity, and mutrient sta-
s, The use of PSF data for agricultural management is increasing
as pedotransfer functions (Wosten et al., 2001; McBramey et al.,
2002) become mare widcly accepted and used to predict soil phy-
sical processes. However, laboratory-hased analysis of PSFs is
time-consuming and expensive. I is therefore inevitable that the
ever-increasingly available remote-sensing and ground-based ancil-
lary data should be used to create digital soil maps of PSFs data at

Several types of ancillary data have been used for the prediction
of a single component of soil PSFs. For cxample, clectromagnetic
(EM) induction was usad to identify variations in ©psoil clay con-
tent (Cocks t al., 2009), depth toclay (Sacy et al., 201 1), and high-
light aress of sandy soil (Conketal., 1992), Otherexamples include
the use of aithome: gamma-ray s data for mapping sand
(Cook et al., 1996), digital elevation models (DEMs) for predicting
sand, sik, and clay (Gobin & al., 2001: Odeh et al., 194), and
Landsat TM data for modeling sand (Levin et al,, 2004) and clay
(Dematte and Nanni, 2003). All these were hased on empirical ar
deterministc relationships between a given PSF and the ancillary

ariables. Previously, various geostatistical models of kriging were
applied to spatially predict soil PSFs (c.g., Burgess and Wehster,
1980). Additionally, techniques such as cokriging and re;

resolutions and seales previously not practicable. kriging (Odeh et al, 1995 and Triantafilis et al, 2001) that take.
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