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Services Park Seismic Provides

Park Seismic provides a complete field survey and
reporting service for seismic investigation of wind
turbine sites in a flexible and prompt manner, ranging
from the most basic 1-D analysis to a complete 3-D =
analysis depending on the site conditions and budget§-10
availability. Field surveys may be performed by a -:
separate local engineering company according to
instructions Park Seismic will provide and then
subsequent data processing, interpretation and reporting
will be performed at Park Seismic. Multiple-site surveys
can take place in much a faster and more cost-effective
manner than single-site surveys.

For more information, please contact Dr. Choon B. Park
(choon@parkseismic.com, phone: 347-860-1223), or visit
http://www.parkseismic.com/WindTurbine.html.

Shelton, CT 06484
Tel: 347-860-1223
Fax: 203-513-2056
contact@parkseismic.com

www.parkseismic.com
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On the Cover

This issue features advances in soil and
agricultural investigations using geo-
physical techniques. Top: Subaqueous
soil mapping (J. Doolittle). Lower left:
Spatial soil health investigation with elec-
trical conductivity sensing (N. Kitchen).
Lower Center: ‘Virtual Excavation’ con-
ducted by A. Mucciardi. Lower Right:
Continuous soil resistivity mapping using
a Veris 3100 system (B. Allred).

What We Want From You

The FastTIMES editorial team welcomes
contributions of any subject touching
upon geophysics. Our next issue will
bring you a selection of the best SAGEEP
articles in the past five years. FastTIMES
also accepts photographs and brief
non-commercial descriptions of new
instruments with possible environmental
or engineering applications, news from
geophysical or earth-science societies,
conference notices, and brief reports
from recent conferences. Please submit
your items to a member of the FastTIMES
editorial team by February 21, 2011 to
ensure inclusion in the next issue. We
look forward to seeing your work in our
pages.
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FastTIMES

FastTIMES (ISSN 1943-6505) is pub-
lished by the Environmental and Engi-
neering Geophysical Society (EEGS).
It is available electronically (as a pdf
document) from the EEGS website

(www.eegs.org).

About EEGS

The Environmental and Engineering
Geophysical Society (EEGS) is an ap-
plied scientific organization founded in
1992. Our mission:

“To promote the science of geophys-
ics especially as it is applied to envi-
ronmental and engineering problems;
to foster common scientific interests of
geophysicists and their colleagues in
other related sciences and engineer-
ing; to maintain a high professional
standing among its members; and to
promote fellowship and cooperation
among persons interested in the sci-
ence.”

We strive to accomplish our mission
in many ways, including (1) holding
the annual Symposium on the Applica-
tion of Geophysics to Engineering and
Environmental Problems (SAGEEP);
(2) publishing the Journal of Envi-
ronmental & Engineering Geophys-
ics (JEEG), a peer-reviewed journal
devoted to near-surface geophysics;
(3) publishing FastTIMES, a magazine
for the near-surface community, and
(4) maintaining relationships with other
professional societies relevant to near-
surface geophysics.

Joining EEGS

EEGS welcomes membership applica-
tions from individuals (including stu-
dents) and businesses. Annual dues
are currently $90 for an individual
membership, $50 for a retired member
$20 for a student membership, $50 de-
veloping world membership, and $650
to $4000 for various levels of corpo-
rate membership. All membership cat-
egories include free online access to
JEEG. The membership application is
available at the back of this issue, or
online at www.eegs.org. See the back
page for more information.
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Calendat,

Please send event listings, corrections or omitted events to any member of the FastTIMES editorial team.

January 10-14

February 17-18

February 21

February 28

April 10-14

May 9—11

May 15-19

201

12th Multidisciplinary Conference
on Sinkholes and Engineering
and Environmental Impacts of
KarstTM, St. Louis, Missouri

NAPE Expo. The World’s Largest
Prospect and Property Expo

Deadline for submission of
articles, advertisements, and
contributions to the March issue
of FastTIMES

Deadline for submission of
articles for the special issue of
JEEG on Geophysics for Levee

Safety

SAGEEP 2011: Symposium on
the Application of Geophysics to
Environmental and Engineering
Problems, Charleston, SC

NovCare 2011: Novel Methods
for Subsurface Characterization
and Monitoring: From Theory to
Practice, Ocean Edge Resort,
Brewster, MA

Proximal Soil Sensing: Global
Workshop on High Resolution
Digital Soil Sensing and
Mapping, McGill University,
Montreal, Canada

May 23-26

May 21

May 31

June 22-24

June 28-July 7

August 21

73rd EAGE Conference &
Exhibition: Unconventional
Resources and the Role of
Technology, Vienna, Austria

Deadline for submission of
articles, advertisements, and
contributions to the June issue of
FastTIMES

Deadline for submission of
abstract to the 10th SEGJ
International Symposium, Kyoto,
Japan

International Workshop on
Advanced Ground Penetrating
Radar 2011: presents a wide
range of scientific and technical
information of high standard

to scientists, engineers and
end-users of GPR technology.
Aachen, Germany

IUGG General Assembly:
International Union of Geodesy
and Geophysics (IUGG) General
Assembly invites researchers
world-wide to participate in

an exciting, multi-disciplinary
conference on cutting edge
science, Melbourne, Australia

Deadline for submission of
articles, advertisements, and
contributions to the September
issue of FastTIMES
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Exploring The World

Magnetic applications in near surface
geophysics are broad: mineral exploration,
archaeology, environmental & engineering,
geological hazards, UXO detection. It is
important to choose the right solution.

For general work and teaching the Overhauser
instrument is ideal: low power consumption,

5 Hz sampling, no directional errors, optional
sensitivity 0.015 nT @ 1 Hz. Overhauser is made {.
for efficiency with its light weight, low power 2 __
consumption, robust console and intelligent -
surveying options.

For sensitive work and research the ultimate
solution is the Potassium instrument. The K-Mag '+
samples at a leading 20 Hz for acquisition of

high resolution results, sensitivity 0.0007 nT/J/Hz
(70mm cell). It features minimal directional

errors and high gradient tolerance for culturally
“noisy” projects.

To work with diverse earth science challenges
you can choose any of GEM's systems delivering oV W.GEMSYg
clear benefits.

4
Web: www.gemsys.ca l M
Email: info@gemsys.ca

Phone: +1 905 752 2202 SYSTEMS

ADVANCED MAGNETOMETERS

Our World is Magnetic.
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NotctromlEECS

President’s Message: Recent Activities
John Stowell, President (john.stowell@mountsopris.com)

As we look forward to 2011, it seems fitting to summarize the highlights of a
very successful 2010 for your society. The problem with such a summary
is that it is very easy to leave out important contributions and events, so
| will start by apologizing for items not mentioned. What | can tell you
is that your board and committee members were busy, and the society
would not function without their hard work. We also are indebted to the
staff at WMR who help keep everything moving forward and on schedule.

We added 113 new members to our society this year. This figure is important when we consider that we
also lost quite a few, mostly due to the recession and resulting economic hardships. One of the primary
goals of your board is to work on increasing membership in the coming year. While our annual meeting
is @ major revenue generator, our society needs a strong membership to continue as the premier near-
surface geophysical organization. We will call upon our members to help us in this mission, and if
anyone reading this desires to help out, contact John Dunbar or Barry Allred (e-mail addresses listed in
the Board Members section).

As most of you are aware, the SAGEEP meeting held in Keystone was extremely successful. The
SAGEEP 2011 committee, guided by General Chair Bill Doll and Technical Chair Greg Baker, are putting
together the final program details. Make sure you have set aside the week of April 10-14th to come
to Charleston and participate in this exciting event. We have accepted a record number of abstracts
for the technical program, and have lined up an impressive list of featured speakers, workshops, and
demonstrations, and exhibitors.

Regarding the success of SAGEEP, it seems like a good time to offer thanks to our government sponsors,
who each year provide funds that help ensure the success of SAGEEP. They are also suffering from
budget cuts due to the economic slowdown, and we are pleased that they can still help us out.

During the past year, on the publications side of our society, we have enjoyed several excellent
FastTimes e-magazines, edited by Moe Momayez. Janet Simms has produced several very interesting
JEEGS, with a joint EAGE-NS issue planned for 2011. We just received our first copies of the joint
AGU-SEG-EEGS publication Advances in Near-Surface Seismology and Ground-Penetrating Radar.
Contact Jackie Jacoby on the EEGS web site to order your copy. We also signed an agreement with
EAGE to include our SAGEEP proceedings and the Journal on EARTHDOC; all EEGS members have
access to the EAGE publications on that prestigious site.

EEGS will be launching our new website in a matter of months. We are excited about this new resource,
and believe you will find it very useful. We are also looking into the various social networks and
professional versions of the same. If you have any comments or suggestions about how we might
benefit from such opportunities, please contact board member Chih-Ping Lin.

Look for more society interaction with the Geophysics without Borders Program. Our brand of
geophysics lends itself to this type of work more than any other. We look forward to new opportunities
and challenges in 2011, and as always, appreciate your comments and support.

FastTIMES v. 15, no. 4, December 2010
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EEGS Foundation makes
great strides in its first years.

Since the launch of the EEGS Foundation, there are numerous accomplishments for which we can all
be proud: Establishing and organizing a structure that serves the needs of EEGS; underwriting the
legal process, achieving tax-exempt status; and soliciting and receiving support for SAGEEP. In
addition, the Foundation helped underwrite the SAGEEP conference held this spring in Keystone.

These are only a few of the tangible results your donations to the Foundation have enabled. We
would therefore like to recognize and gratefully thank the following individuals and companies for
their generous contributions:

Allen, Micki Lecomte, Isabelle
Arumugam, Devendran Long, Leland
Astin, Timothy Lucius, Jeff

Baker, Gregory
Barkhouse, William
Barrow, Bruce Malkov, Mikhail
Billingsley, Patricia Markiewicz, Richard
Blackey, Mark Mills, Dennis

Luke, Barbara
Maclnnes, Scott

Brown, Bill Momayez, Moe
Butler, Dwain Nazarian, Soheil
Butler, Karl Nicholl, John
Campbell, Kerry Nyquist, Jonathan
Clark, John Paine, Jeffrey
Doll, William Pullan, Susan

Dunbar, John
Dunscomb, Mark
Greenhouse, John
Harry, Dennis
Holt, Jennifer
Ivanov, Julian
Jacobs, Rhonda
Kerry Campbell
Kimball, Mindy
Kruse, Sarah
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LaBrecque, Douglas

Rix, Glenn
Simms, Janet
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Notes from EEGS

Environmental EEGS Announces Changes in Membership
and Engineering
Geophysical Society

It's time to renew your membership in EEGS — we’ve added options
and increased benefits!

EEGS members, if you have not already received a call to renew your membership, you will — soon!
There are a couple of changes of which you should be aware before renewing or joining.

Benefits - EEGS has worked hard to increase benefits without passing along big increase in dues. As a
member, you receive a Symposium on the Application of Geophysics to Engineering and Environmental
Problems (SAGEEP) registration discount big enough to cover your dues. You also receive the Journal
of Environmental and Engineering Geophysics (JEEG), the FastTIMES newsletter, and full access
to the EEGS research collection, which includes online access to all back issues of JEEG, SAGEEP
proceedings, and SEG extended abstracts. You get all of this for less than what many societies charge
for their journals alone.

Dues Changes - EEGS has worked hard to hold the line against dues increases resulting from inflation
and higher costs. Instead, EEGS leadership sought ways to offer yesterday’s rates in today’s tough
economic climate. Therefore, you can continue your EEGS membership without any rate increase if
you opt to receive the JEEG in its electronic format, rather than a printed, mailed copy. Of course, you
can continue to receive the printed JEEG if you prefer. The new rate for this membership category is
modestly higher reflecting the higher production and mailing costs. A most exciting addition to EEGS
membership choices is the new discounted rate for members from countries in the developing world.
A growing membership is essential to our society’s future, so EEGS is urging those of you doing
business in these countries to please encourage those you meet to take advantage of this discounted
membership category, which includes full access to the EEGS research collection. And, EEGS is
pleased to announce the formation of a Retired category in response to members’ requests.

Descriptions of all the new membership options are outlined on EEGS’ web site (www.eegs.org) in the
membership section.

Renew Online - Last year, many of you took advantage of our new online membership renewal (or
joining EEGS) option. lItis quick and easy, taking only a few moments of your time. Online membership
and renewal application form is available at www.eegs.org (click on Membership and then on Online
Member Application / Renewal).

EEGS Foundation - EEGS launched a non-profit foundation (www.eegsfoundation.org) that we hope
will enable our society to promote near-surface geophysics to other professionals, develop educational
materials, fund more student activities, and meet the increasing demand for EEGS programs while
lessening our dependence on membership dues. A call for donations (tax deductible®) to this charitable
organization is now included with your renewal materials and can be found on the online Member
Resources page of EEGS’ web site (www.eegs.org/pdf_files/eegs_foundation.pdf).

Member get a Member - Finally, since the best way to keep dues low without sacrificing benefits
is to increase membership, please make it your New Year’s resolution to recruit at least one new
EEGS member. If every current member recruited even one new member to EEGS, we could actually
consider lowering dues next year!

*As always, seek professional advice when claiming deductions on your tax return.

ﬁ 9
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October 2010

Volume 15, Number 3
Wivw.eegs.org

v iTIMES
Near-Surface
Geophysical Investigations
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From the FastTIMES Editorial Team

FastTIMES is distributed as an electronic document (pdf) to all
EEGS members, sent by web link to several related professional
societies, and is available to all for download from the EEGS web
site at www.eegs.org/fasttimes/latest.html. The most recent issue
(October 2010, cover image at left) has been downloaded more than
25,000 times as of November 2010, and past issues of FastTIMES
continually rank among the top downloads from the EEGS web site.
Your articles, advertisements, and announcements receive a wide
audience, both within and outside the geophysics community.

To keep the content of FastTIMES fresh, the editorial team strong-
ly encourages submissions from researchers, instrument makers,
software designers, practitioners, researchers, and consumers of
geophysics—in short, everyone with an interest in near-surface geo-
physics, whether you are an EEGS member or not. We welcome

short research articles or descriptions of geophysical successes and challenges, summaries of recent
conferences, notices of upcoming events, descriptions of new hardware or software developments,
professional opportunities, problems needing solutions, and advertisements for hardware, software, or

staff positions.

The FastTIMES presence on the EEGS web site has been redesigned. At www.eegs.org/fasttimes,
you’ll now find calls for articles, author guidelines, current and past issues, and advertising information.

Help Support EEGS!
Please Join or

Renew Your Membership

Today at www.eegs.org!

(
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The Journal of Environmental & Engineering Geophysics (JEEG), published four times each year, is the EEGS peer-
reviewed and Science Citation Index (SCI®)-/isted Jjournal dedicated to near-surface geophysics. It is available in print by
subscription, and is one of a select group of journals available through GeoScienceWorld (www.geoscienceworld.org).
JEEG is one of the major benefits of an EEGS membership. Information regarding preparing and submitting JEEG articles
is available at http.//jeeq.allentrack.net.

Contents of the December 2010 Issue

Journal of Environmental & Engineering Geophysics

Journal of
Environmental & v. 15, no. 4, December 2010
Engineering . .
Geophysics A Comparison of Two Travel-time Tomography Schemes for Crosshole Radar

Decembar 2010 Wetume 15 lssus 4

Data: Eikonal-equation-based Inversion Versus Ray-based Inversion
Caglayan Balkaya, Zafer Akgig, and Gékhan Goktlirkler

Electrical Resistivity Variations Before and After the Pingtung Earthquake in
the Wushanting Mud Volcano Area in Southwestern Taiwan
Ping-Yu Chang, Tsang-Yao Yang, L. Lynn Chyi, and Wei-Li Hong

P s
i e $1a1 alion by o 1 Bt it
e riration anc Siatatical Shasr Sireng= Macels m
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Improved Soil Stabilization by Geoelectrical Water Content Determination
and Statistical Shear Strength Models
Petri Valasti

Application of the CSAMT Method for Exploring Deep Coal Mines in Fujian
Province, Southeastern China
Zhiguo An and Qingyun Di

3 [—
Enginssring Geophysical Society

Editor’s Scratch

Dr. Janet E. Simms, JEEG Editor-in-Chief
US Army Engineer R&D Cir.

3909 Halls Ferry Road

Vicksburg, MS 39180-6199

(601) 634-3493; 634-3453 fax
janet.e.simms@erdc.usace.army.mil

The Journal of Environmental and Engineering Geophysics (JEEG) is the flagship publication
of the Environmental and Engineering Geophysical Society (EEGS). All topics related to geophysics
are viable candidates for publication in JEEG, although its primary emphasis is on the theory and ap-
plication of geophysical techniques for environmental, engineering, and mining applications. There is
no page limit, and no page charges for the first ten journal pages of an article. The review process is
relatively quick; articles are often published within a year of submission. Articles published in JEEG are
available electronically through GeoScienceWorld and the SEG’s Digital Library in the EEGS Research
Collection. Manuscripts can be submitted online at www.eegs.org/jeeg/index.html.

(
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The JEEG Pages

EAGE’s Near Surface Geophysics Journal, February 2011

As a courtesy to the European Association of Geoscientists and Engineers (EAGE) and the readers of FastTIMES, we re-
produce the table of contents from the October issue of EAGE’s Near Surface Geophysics journal.

Near Surface
Geophysics

15

a

33

| 45

55

67

Volume g - Number 1 - February 2011

Improving the accurate assessment of a shear-wave
velocity reversal profile using joint inversion of the
effective Rayleigh wave and multimode Love wave
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FastTIMES welcomes short articles on applications of geophysics to the near surface in many disciplines, including
engineering and environmental problems, geology, soil science, hydrology, archaeology, and astronomy. In the articles that
follow, the authors present examples of geophysical techniques applied to soil and agricultural investigations.

Application of Geophysical Methods to Agriculture:

An Overview

Barry J. Allred, USDA/ARS — Soil Drainage Research Unit, Columbus, OH (barry.allred@ars.usda.gov)
Robert S. Freeland, Biosystems Engineering and Soil Science, University of Tennessee, Knoxville, TN (rfreelan@utk.edu)

Settings, Scales, and Complexities of Agricultural Geophysics

Geophysical methods are becoming an increasingly valuable tool for application within a wide range of
agroecosystems. An agroecosystem can be simply defined as a spatially and functionally consistent
landscape unit devoted to some form of agricultural activity (e.g. crop production, raising of farm
animals, development of timber resources, turfgrass management, etc.). Figure 1 provides a few
examples of agroecosystem settings where geophysical methods can and have been employed. The
scale for geophysical applications to agriculture can be extremely small, on the order of centimeters,

Figure 1. Examples of agroecosystems where geophysical methods have been employed; (a) farm fields, (b) orchards, (c)
cattle feedlots, (d) managed forests, and (e) golf courses.

such as might be the case for tree trunk disease investigations (al Hagrey, 2007) or imaging of root crop
development directly beneath the ground surface (Konstantinovic and others, 2008). For geophysical
soil investigations, interest is often focused on an interval from the ground surface down to a depth
of 2 meters. This depth interval generally contains the whole soil profile, including the crop root zone
(Allred and others, 2008). Although the depth of interest is oftentimes rather shallow, the area covered

by an agricultural geophysics soil investigation can vary widely in scale, from experimental plots
_—
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(10s to 100s of square meters), to farm fields (10s to 100s of hectares), and potentially up to the size of
watersheds (10s to 1000s of square kilometers). With respect to agricultural geophysics applications,
this extremely shallow 2 m depth of interest is certainly an advantage, since most geophysical methods
presently available have investigation depth capabilities that can exceed 2 m.

Although investigation depths can be rather shallow, there are complexities associated with agriculture
geophysics that are not always encountered with the application of geophysical methods to other
industries or disciplines. One such complexity involves the transient nature of certain soil conditions and
properties that affect geophysical measurements. For instance, apparent soil electrical conductivity
(ECa) measured using resistivity and electromagnetic induction methods, is significantly influenced
by temperature and moisture conditions, and these temperature and moisture conditions can change
appreciably over a period of days or even hours, in turn significantly altering the measured ECa over
the same timeframe. Moisture conditions also govern the soil relative permittivity (or dielectric content);
thereby impacting ground penetrating radar results obtained within agroecosystem settings. Measured
ECa is additionally affected by soil nutrient levels and salinity that sometimes exhibit little variation over
long periods, but will then change rapidly with an irrigation or fertilizer application event. Other soil
properties affecting ECa, if they vary temporally at all, do so at a much slower rate, and in this category
are properties including pH, organic matter content, amount and type of clay minerals present, cation
exchange capacity, specific surface, etc.

Another complexity regarding agricultural geophysics is that the soil conditions and properties impacting
geophysical measurements vary not only temporally, but also spatially, often exhibiting substantial
variability over very short horizontal and vertical distances. For soils without salinity or nutrient build-
up concerns, it has been noted that although average ECa values for an agricultural field may vary
with changes in soil temperature and moisture, the ECa spatial pattern itself within an agricultural field
tends to remain relatively consistent over time, regardless of the transient temperature and shallow
hydrologic conditions, thus indicating that ECa spatial patterns were governed predominantly by the
spatial variations in the more stable soil properties (Banton and others, 1997; Lund and others, 1999;
Farahani and Buchleiter, 2004; Farahani and others, 2005; Allred and others, 2005a; Allred and others,
2006). In many cases, ECa is a quantitative proxy for a single soil property such as for salinity within
some irrigated agricultural areas of California (Rhoades and Ingvalson, 1971; Lesch and others, 1992);
but conversely, there are also agricultural areas in which a complex relationship exists between ECa
and several soil properties (Johnson and others, 2001; Allred and others, 2005a; Carroll and Oliver,
2005; Allred and others, 2009).

Predominant Geophysical Methods Utilized for Agriculture

The three geophysical methods predominantly employed for agricultural purposes are resistivity, elec-
tromagnetic induction (EMI), and ground penetrating radar (GPR). Continuous measurement galvanic
contact resistivity systems integrated with Global Positioning System (GPS) receivers have been de-
veloped specifically for agriculture. Steel coulters (disks) that cut through the soil surface are utilized
as current or potential electrodes. These resistivity systems can have more than one four-electrode
array providing shallow investigations depths of 0.3 to 2 m, with short time periods (~ 1 per second) or
distance intervals between the continuously collected discrete soil electrical conductivity (ECa) mea-
surements. The location for each ECa measurement is determined accurately by GPS. Consequently,
these resistivity systems, with their fast ECa measurement rates and integrated GPS receivers, are
capable of surveying large farm fields in a relatively short period of time. Figure 2 shows an example

—_—>
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of a continuous measurement galvanic contact resistivity system employed for agricultural applications.
It should be noted that capacitively-coupled resistivity systems integrated with GPS receivers also have
substantial potential for agricultural use (Allred and others, 2006), but these systems have not yet been
extensively employed for this purpose.

Figure 2. Example of a continuous measurement galvanic contact resistivity system; (a) Veris 3100 Soil EC Mapping Sys-
tem (Veris Technologies, Salina, Kansas, U.S.A.) and (b) close-up of steel coulters used for current and potential electrodes
by the Veris 3100 Soil EC Mapping System.

Some EMI ground conductivity meters have been developed, which are particularly well suited for
agricultural applications. The ground conductivity meters typically employed for obtaining agricultural
ECa measurements have intercoil spacings of around 1 m; and as a consequence, effective investi-
gations depths of 1.5 m or less when positioned near the ground surface, based on McNeill (1980).
Vertical, horizontal, and perpendicular dipole orientations of the ground conductivity meter transmitter
and receiver coils can provide different ECa investigation depths within an agricultural setting. Most of
these EMI ground conductivity meters can easily be integrated with GPS receivers to provide accurate
locations of continuously collected discrete ECa measurements. As with the previously described re-
sistivity systems, the proper EMI ground conductivity meter integrated with a GPS receiver is capable
of relatively quick ECa mapping over large farm fields. Although primarily used to map ECa, ground
conductivity meters can also be used to measure magnetic susceptibility, a property that has been
demonstrated useful for delineating hydric soils (Grimley and Vepraskas, 2000; Grimley and others,
2008; Wang and others, 2008). Two examples of ground conductivity meters commonly used for agri-
cultural applications are shown in Figure 3.

The GPR systems utilized within agroecosystem settings typically employ antennas with center fre-
quencies in the range of 100 MHz to 1.5 GHz. This antenna frequency range covers many agricultural
scenarios where the goal is to image shallow buried features/objects within 2 m of the surface. The
anticipated depth and size of the subsurface feature/object of interest will provide guidance on the
antenna frequency to use. For example, 250 MHz antennas are appropriate for locating a 20 cm diam-
eter subsurface drainage system pipe main at 1.5 m depth in a silt loam soil, while 1.5 GHz antennas
might be a good choice for imaging 0.5 cm tree roots at depths up to 0.5 m in a well-drained, sandy
soil. Again, as with the resistivity and EMI systems, most GPR systems can be integrated with GPS
receivers to provide accurate locations for GPR measurements; and because of fast GPR measure-
ment rates, GPR systems integrated with GPS receivers are capable of surveying large farm fields in a

—_—>
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relatively short amount of time. Finally, although resistivity, EMI, and GPR are by far the dominant geo-
physical methods currently employed, other geophysical methods such as magnetometry, self-poten-
tial, seismic, are now being increasingly evaluated for various agricultural purposes. Allred and others
(2008) provide further discussion of the different geophysical methods that can be used for agriculture.

Figure 3. Examples of ground conductivity meters used in agroecosystem settings; (a) DUALEM-1S (Dualem Inc., Milton,
Ontario, Canada), and (b) EM38-MK2 (Geonics Limited, Mississauga, Ontario, Canada).

Past Developments in Agricultural Geophysics

Some of the earliest agricultural geophysics research activity occurred in the 1930s and 1940s, and
this work focused on soil water monitoring through soil electrical conductivity (ECa) measurement with
resistivity methods (McCorkle, 1931; Edlefson and Anderson, 1941; Kirkham and Taylor, 1949). Soil
water monitoring using the resistivity method, and now electromagnetic induction (EMI) and ground
penetrating radar (GPR) methods, can provide useful insight for scheduling irrigation and controlled
drainage operations within an agricultural field. The application of geophysical methods to agriculture
did not substantially gain momentum until the 1960s, and to a greater extent the 1970s, with the use of
resistivity methods for soil salinity assessment (Shea and Luthin, 1961; Roades and Ingvalson, 1971;
Halvorson and Rhodes, 1974; Rhoades and others, 1976). Through the use of resistivity methods,
and now EMI methods, geophysical ECa measurements are successfully employed to gauge salinity
levels in soil, so that field operations, such as soil profile water flushing, can be initiated well before
salinity build-up causes crop damage. One of the more recent and exciting developments regarding
the use of geophysics for salinity assessment is the use of airborne EMI to evaluate salinity risks and
management options for large agricultural areas (Paine and others, 1999; George and Woodgate,
2002; Beirwirth and Brodie, 2006). Starting in the late 1970s and on into the 1980s, another important
development in agricultural geophysics was the use of GPR for updating and improving U.S. national
program soil survey mapping (Collins and others, 1986; Collins and Doolittle, 1987; Doolittle, 1987;
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Schellentrager and others, 1988). In this regard, GPR has proved extremely valuable with respect to
reducing soil survey mapping time, providing more accurate delineation of map unit boundaries, and
isolating representative pedons for soil sampling.

In the mid-1990s, ECa mapping with resistivity and EMI methods became an increasingly important
precision farming tool. Precision farming is a growing agricultural trend that combines geospatial
datasets, state-of-the-art farm equipment technology, geographic information systems (GIS), and
Global Positioning System (GPS) receivers to support spatially variable field application of fertilizer, soil
amendments, pesticides, and even tillage effort (National Research Council, 1997; Morgan and Ess,
1997). The benefits to farmers are maximized crop yields and/or reduced input costs. Better protection
of the environment is an additional benefit. Since precision farming operations result in just the right
amounts of fertilizer, soil amendments, pesticides, and tillage being applied on different parts of the
field, there are less agrochemicals and sediment released offsite via subsurface drainage and surface
runoff. With less offsite release of these chemical and sediment contaminants, adverse environmental
impacts on adjacent waterways are in turn reduced. So in essence, precision farming techniques allow
an agricultural field to be divided into different management zones for the overall purpose of optimizing
economic benefits and environmental protection.

Horizontal spatial variations in ECa have commonly been found to correlate relatively well with horizontal
spatial variations in both crop yield (Jaynes and others, 1995a; Lund and others, 1999) (see Figure
4) and soil properties (Banton and others, 1997; Lund and others, 1999; Carroll and Oliver, 2005).
As a consequence, ECa mapping with resistivity and EMI geophysical methods can often be used to
delineate the horizontal spatial patterns in soil properties that strongly influence within field variations
in crop yield. These ECa maps can in turn be used to partition an agricultural field into different
management zones so that precision farming techniques (variable rate application of agrochemicals
and tillage) can be employed to maximize economic benefits and environmental protection. It should
be noted that advancements in the 1990s such as the availability of personal computers, technologies
to store/process large amounts of data, the GPS, and GIS are what made precision farming and the
geophysical methods used for precision farming practical for widespread use.
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Figure 4. Comparison of soil electrical conductivity (ECa) and soybean yield spatial patterns from an agricultural test plot
facility near Defiance, Ohio; (a) ECa map with values given in mS/m and (b) soybean yield map with values given in kg/ha.
The moderately strong spatial correlation (r) between ECa and soybean yield is -0.52.
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Present Agricultural Geophysics Research

Recently, within the past 15 years, there has been a rapid expansion of research related to potential
agricultural geophysics applications. Most of these research activities are again focused on resistivity,
electromagnetic induction (EMI), and ground penetrating radar (GPR) methods; however, research is
now also being conducted on possible agricultural uses for other geophysical methods, such as mag-
netometry, self-potential, and seismic. Besides soil water monitoring, salinity assessment, soil survey
mapping, and precision farming; geophysical methods are presently being employed or evaluated in
a wide range of additional agricultural topic areas including forestry, high value crops, animal waste
management, soil hydrologic characterizations, buried infrastructure location/assessment, etc. Table 1
highlights some of the more recent research related to agricultural applications of geophysical methods
which have not already been mentioned previously.

Future Trends in Agricultural Geophysics

Agricultural geophysics has in the past been a rapidly evolving discipline, which is still true at present,
and therefore in the future, there is every expectation of continued development of new/innovative
methods, equipment, and field procedures. In this regard, based primarily on Allred and others (2008)
and discussions held at the Soil Science Society of America — “Bouyoucos Conference on Agricultural
Geophysics” (September 8-10, 2009, Albuquerque, New Mexico), the following list was produced which
summarizes probable future trends in agricultural geophysics.

1. New applications will continue to be discovered for the geophysical methods that are already com-
monly used in agriculture; resistivity, electromagnetic induction (EMI), and ground penetrating radar
(GPR).

2. Geophysical methods not traditionally employed in the past for agricultural purposes will find more
significant use in the future. The geophysical methods likely to make further inroads into agriculture
include, magnetometry, self-potential, and seismic. Agricultural opportunities for other geophysical
methods, such as nuclear magnetic resonance, induced polarization, seismoelectric, etc., may also
exist.

3. The incorporation of Global Positioning System (GPS) receivers will become the norm, especially
with regard to real-time kinematic (RTK) GPS, which will allow geophysical measurement positions
to be determined with horizontal and vertical accuracies of a few centimeters or less. Guidance
devices, video display tracking systems, or even simple on-the-go guesstimates of the spacing
distance between transects, when integrated with an accurate GPS, can provide the capability of
efficiently conducting geophysical surveys over large agricultural field areas without the need to
mark out a well-defined grid at the ground surface. For some geophysical methods, the computer
processing procedures used for horizontal mapping of measurements may require some modifica-
tion for input of data collected along a set of transects with somewhat irregular orientations and
spacing distances.

4. Geophysical surveying with more than one sensor will become a standard approach, because of
the variety of field information required to make correct agricultural management decisions. Multi-
sensor systems based on a single geophysical method have already been produced, and these
systems are certainly beneficial to agriculture. Examples include EMI or GPR systems having more
than one set of transmitter/receiver coils or antennas, and continuously-pulled resistivity electrode
arrangements containing more than one four-electrode array. However, multi-sensor systems based
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on more than one geophysical method still need to be developed for agricultural purposes, some-
thing likely to happen in the near future. These multi-sensor systems might even be directly inte-
grated with farm machinery to allow on-the-go decisions regarding precision farming operations.

Table 1. Recent agricultural geophysics research

Geophysical Method | Asoricultural Application Literature Source
Resistivity Soil Drainage Class Mapping Kravchenko and others, 2002
Resistivity Small-Scale Soil Crack Imaging

Samouglan and others, 2003

Electromagnetic Induction (EMI)

Determining Clay-Pan Depth

Doolittle and others, 1994
Sudduth and others, 2010

EMI

Estimation of Herbicide
Partition Coefficients in Soi

Jaynes and others, 1995b

EMI

Mapping Flood Deposited Sand Depths
on Farmland Near River

Kitchen and others, 1996

EMI

Soil Nutrient Monitoring from
Manure Applications

Eigenberg and Nienaber, 1998
Eigenberg and others., 2002; 2010
Woodbury and others, 2010

EMI

Soil Salinity Assessment

Doolittle and others, 2001
Kaffka and others, 2005

Ground Penetrating Radar (GPR)

Indicator for Perched Water Table in
Soil Profile

Freeland and others, 1998

GPR

GPR Soil Suitahility Maps

Doolittle and others, 2003; 2010

GPR

Tree/Crop Root Biomass Surveying

Butnor and others, 2001; 2003
Barton and Montagu, 2004
Konstantinovic and others, 2007; 2008

GPR

Identification of Subsurface Flow Pathways

Gish and others, 2002
Freeland and others, 2006

Seismic

Soil Water Potential

Lu and Sabatier, 2009

Seismic

Soil Compaction

Lu and others, 2004

Resistivity and ENI

Sand Blow Location in Alluvial Soils

Doolittle, and others, 2002

Resistivity and Seismic

Tree Trunk Imaging

al Hagrey, 2007

Resistivity, Electrical Resistance
Tomography, EMI GPE,
Seismic, and Self-Potential

Soil Water Content Determination and
Soil Water Flow Monitoring

Zhou and others, 2001
Grote and others, 2003; 2010
Huisman and others, 2003
Blum and others, 2004
Maineult and others, 2004
Lunt and others, 2003
Lambot and others, 2006
Wethermiiller and others, 2006
Tromp-van Meerveld and McDonnell 2009

GPR and
Magnetometry

Agricultural Field and
Golf Course Drainage Pipe Detection

Boniak and others, 2002
Allred and others. 2004; 2005b; 2005¢
Fogers and others, 2003; 2006
Allred and Redman 2010

5. Multiple geophysical datasets integrated and analyzed together along with other geospatial informa-
tion can provide agricultural insight not available when analyzing each geophysical dataset sepa-
rately. Geostatistical analysis techniques can be especially useful in this regard. Geographic in-
formation systems (GIS) are particularly well adapted for integration and geostatistical analysis of
multiple geophysical and non-geophysical spatial datasets. Consequently, GIS will play a greater
and greater role in the analysis of geophysical data collected in agroecosystem settings. Further-
more, as the practice of precision farming continues to grow, there is expected to be an increasing
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need to input geophysical data into the GIS used to make proper management decisions in regard
to different areas of an agricultural field.

6. Expert system computer software will be developed for specific agricultural applications, so as to
automatically analyze and interpret geophysical data.

7. There is likely to be a substantial increase beyond present levels in the use of inverse modeling and
enhanced data visualization computer software to analyze agricultural geophysics data.

8. Tomographic procedures will be employed given certain circumstances to obtain geophysical data
in agroecosystem settings. It is usually not possible to conduct geophysical surveys in an farm field
during the growing season, once the crop emerges and begins to develop. Tomographic data col-
lection and analysis procedures are a potential solution to this field access problem, allowing the
within field horizontal spatial pattern of a physical property(s) to be determined from information
obtained by geophysical sensors placed along the field periphery instead of inside the field itself.
Tomographic data collection and analysis procedures can also provide valuable geophysical infor-
mation for smaller-scale scenarios and even for circumstances when field access is not a problem.

9. Outreach efforts provided by those with an agricultural geophysics background will accelerate as
there becomes a greater need to educate the general agricultural community not only on the many
possible applications of agriculture geophysics but also on the strengths and limitations of the vari-
ous geophysical methods employed for agricultural purposes.

Summary and Conclusions

Geophysical methods can be an important tool for application within agroecosystem settings. Past
developments in agricultural geophysics have included the use of resistivity, electromagnetic induction
(EMI), and ground penetrating radar (GPR) methods for soil water monitoring, soil salinity assessment,
soil survey mapping, and precision farming. At present, the agricultural applications of resistivity,
EMI, and GPR geophysical methods continue to increase rapidly, and in addition, other geophysical
methods, such as magnetometry, self-potential, and seismic are now beginning to find agricultural use.
Future advancements in agricultural geophysics are likely to include: (1) further expansion in potential
agricultural applications for resistivity, EMI, and GPR methods; (2) greater employment of geophysical
methods that have not traditionally been applied to agriculture; (3) integration of geophysical equipment
with real-time kinematic Global Positioning System (RTK-GPS) receivers; (4) construction of multi-
sensor geophysical equipment platforms; (5) more utilization of geographic information systems (GIS)
for enhanced agricultural interpretations based on combined analysis of multiple geophysical and non-
geophysical spatial datasets; (6) development of agricultural geophysics expert system computer
software; (7) increased use of inverse modeling and enhanced data visualization computer software to
evaluate agricultural geophysics data; (8) employment of tomographic procedures; and (9) accelerated
outreach efforts to the agricultural community in general. These future advancements in agricultural
geophysics will require close collaboration between those in both the agricultural and environmental/
engineering geophysics communities.

Authors Note

The use of manufacturer names are provided for informational purposes only and do not imply
endorsement by the authors or the organizations they represent.
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Success with Geophysics: Tree Root Morphology Mapping

Tree Root Morphology Mapping by Ground-Penetrating Radar

Anthony N. Mucciardi, TreeRadar, Inc., Silver Spring, MD (fony@ftreeradar.com)

Introduction

Ground-penetrating radar (GPR) is an established technique that has been used worldwide for over 30
years to locate objects underground, including pipes, barrels, drums, and other engineering and envi-
ronmental targets. Use of GPR instrumentation for internal trunk decay detection and subsurface struc-
tural root mapping is a novel and recent application to the arboricultural field that has been developed
and patented by TreeRadar™, Inc. under the name TRU™ (Tree Radar Unit) (www.freeradar.com).
TRU is a complete system for forestry and urban applications and includes both the GPR equipment as
well as the TreeWin™ analysis software for internal trunk and structural roots detection and mapping.

The GPR equipment, shown in Figure 1, con-

sists of three components: (1) radar antenna
with attached encoder survey wheel for auto- .

matic data collection of trunks, (2) field comput- .-,: e
er, a custom field-rugged PC-based data collec-

tion module, and (3) scanning cart with attached
encoder survey wheel for automatic roots data
collection. The TreeWin analysis software en-
ables the user to create trunk cross-sectional
images — “virtual saw cuts” — after a circumfer-
ential scan is conducted at any elevation, includ-
ing at heights reachable by either a bucket truck
or by climbers. The ensemble of these virtual
saw cuts shows the progression of decay within
the trunk. TreeWin also enables the user to cre-
ate cross-sectional images of the soil — “virtual
trench” — to establish the root layout and den-
sity along each scan line. It additionally enables
root density and 3D root morphology maps to be
created from the ensemble of these 2D virtual
trenches.

Field Computer

Figure 1. TRU geophysical equipment and potential arboricul-
An air-filled trunk (hollow), or partially air-filled tural applications.
incipient decay zone, are excellent reflectors for detection by GPR systems. In addition, electromag-
netic differences between tree roots and the surrounding soil provide the necessary contrast and reflec-
tion properties that are detected by GPR.

GPR measurement as a method of mapping tree roots has several advantages over other methods: (1)
it is capable of scanning root systems of large trees under field conditions in a short time, (2) it is com-
pletely non-invasive, does not disturb the soil or damage the trees examined, (3) being non-invasive, it
allows repeated measurements that reveal long-term root system development, (4) it allows observa-
tion of root distribution beneath hard surfaces (concrete, asphalt, brick, pavers), roads and buildings,

B — e
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(5) its accuracy is sufficient to find structural Roots Inspection Procedure

roots with diameters as small as 1 cm (0.4in).

] Sc_an Directio ne—

Root detection is possible in principle because
of the moisture content within the woody root
that provides an excellent contrast with the soill
matrix (Figure 2). Roots that are dying will have
very little or no moisture content, due to fungal
attack for instance, and will be either weak or
non-reflective targets and, hence, not detect-
able. In fact, this is an inferential way to de-
termine root health. Even roots located in high
clay and in high water table soils are detectable
via advanced signal processing means.

X

TRU System for Subsurface Structural Figure 2. Tree root inspection principles.
Roots Inspection

TRU offers a non-invasive method for roots inspection that provides the following information:

« 2D planar image of each line scanned showing root locations along the scan line and depth — “Vir-
tual Trench”

» 3D top-down image showing root layout at any desired depth slice — “Virtual Excavation”

The 2D planar view is called a “Virtual Trench” because it is the same view that would be seen if a
backhoe were to dig a trench as long as the line scanned and an observer were to step down into the
trench and examine the severed root endings to determine their location, depth, and diameter. The 3D
top-down view shows the image that would be seen by an observer in a bucket truck looking down into
the soil. The root layout is seen along with its density in any direction from the trunk.

Steps for Structural Roots Detection and Mapping

1. Prepare a root scan layout.

Figure 3. Field survey layout examples.

Root Scan Layout Examples g —

Lines in Different i
Orientations H

Complete Circles + Lines

ParallelLines on Asphalt
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o Semi-Circles
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Figure 4. First step in tree root detection and mapping.

Step 1: Prepare a Root Scan Layout

2. Create a grid to implement the root scan layout.

Step 2: Create a Rough Grid to Implement Figure 5. Second step in tree root detection and mapping.
the Root Scan Layout

= ‘G't ‘
FL ﬁih l'
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3. Scan each grid line using GPR with data acquisition automatically triggered by a distance-encoding
survey wheel which provides a reading every 5mm (0.2in) of movement along the scan line.

Step 3: Scan each Grid Line using Ground- Figure 6. Third step in tree root detection and mapping.
Penetrating Radar (GPR) with Data
Acquisition Triggered by a Distance-
Encoding Wheel

=

4. Process each scan line using the TreeRadar TreeWin™ software analysis program to create a 2D
Virtual Trench map showing distance along the scan line (X coordinate) vs depth of each detected
root (Y coordinate).

Process each Scan Line to create a 2D Figure 7. Fourth step in tree root detection and mapping.
“Virtual Trench” map showing X (distance

along scan line) & Y (depth) coordinates of
each Root Detection (dots)

Root Dectections shown for each Virtual Trench

Red = higher density  Blue = lower denaity
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5. Create a 3D Virtual Excavation root morphology map that algorithmically connecting the detected

roots found on each scan line.

Step 5: Create a 3D Root Morphology map (“Virtual
Excavation”) by algorithmically connecting
the detected roots found on each Scan Line

depthirg

lengthirr

lengthir

Figure 8. Fifth step in tree root detection and mapping.

6. Process the 3D root morphology map to create a root density map.

Step 6: Process the 3D Root
Morphology map to create a
Surface Density map

length {mi)

length {m)
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Summary

» Tree roots can be detected and mapped accurately, as confirmed by test excavations, using non-
invasive ground-penetrating radar; this permits root protected zones to be scientifically set instead
of using rules-of-thumb based on trunk dimensions

» Soils that are generally considered hostile to GPR, such as clay, can be inspected successfully by
applying signal processing on the collected radar reflection data

« Soil “clutter” can be significantly minimized by a data processing step using a combination of signal
processing algorithms to enhance the signal/noise ratio

« 2D virtual trench maps can be created from the detected roots along each line scanned

« 3D root morphology map can be created by software that automatically connects the X,Y detected
root coordinates

* Root surface density map can be created that shows the overall root layout and density

(
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Characterizing Subaqueous Landscape Units

with Ground-Penetrating Radar

Jim Doolittle, USDA-NRCS, Newtown Square, PA (jim.doolittle@lin.usda.gov), Jim Turenne, USDA-NRCS, Warwick, RI
(jim.turenne@ri.usda.qov), Thomas Villars, USDA-NRCS, White River Junction, VT (thomas.villars@vt.usda.qgov)

Pedogenic (soil-forming) processes and properties have been recognized in shallow (typically < 2.5 m
water depth) submersed marine, lacustrine and estuarine sediments (Demas and Rabenhorst, 1999).
These observations have resulted in amending the definition of soils in Soil Taxonomy (Soil Survey
Staff, 2010) to include shallow water environments. Permanently submersed sediments that support
rooted aquatic vegetation are now being classified and mapped as subaqueous soils in the U.S. (Erich
and others, 2010). This new frontier of soil surveys is motivated by management issues such as the
inventory and restoration of submersed aquatic vegetation, organisms, and habitats, the improvement
of water quality, and the assessment of carbon sequestration potentials.

Present information on shallow water habitats is limited (Demas and Rabenhorst, 1999, 2001). The
sampling, mapping and characterization of shallow, submersed environments can be improved if soil-
la