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Services Park Seismic Provides

Park Seismic provides a complete field survey and
reporting service for seismic investigation of wind nw
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 "'_: 3 / Park Seismic LLC

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.

Shelton, CT 06484
Tel: 347-860-1223
Fax: 203-513-2056

For more information, please contact Dr. Choon B. Park .
contact@parkseismic.com

(choon@parkseismic.com, phone: 347-860-1223), or visit
http://www.parkseismic.com/WindTurbine.html. www.parkseismic.com
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On the Cover

This issue features the application of
geophysical techniques for earthquake
research.

What We Want From You

The FastTIMES editorial team welcomes
contributions of any subject touching upon
geophysics. The theme for our next issue
will be the development and application
of electrical resistivity techniques for
near surface investigations. 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 November 21, 2011 to
ensure inclusion in the next issue. We
look forward to seeing your work in our
pages.
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fFastTIMES

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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Exploring The World

o,

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 =
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/yHz
(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.

Web: www.gemsys.ca ' M
Email: info@gemsys.ca

Phone: +1 905 752 2202 SYSTEMS
ADVANCED MAGNETOMETERS

Our World is Magnetic.
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Calenda;

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

September 12—-14

October 9-12

November 20-23

November 21

Nov 29 — Dec 1

December 5-9

201

Near Surface 2011: 17th
European Meeting of
Environmental and Engineering
Geophysics, Leicester, England

GSA 2011 Annual Meeting:
Archean to Anthropocene: The
past is the key to the future,
Minneapolis, Minnesota

10th SEGJ International
Symposium: features the
interdisciplinary integration

of geosciences for better
understanding and modeling of
invisible underground structures
and processes, Kyoto, Japan

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

SERDP and ESTCP Partners
in Environmental Technology
Technical Symposium &
Workshop “Meeting DoD’s
Environmental Challenges”,
Washington, D.C.

2011 AGU Fall Meeting. San
Francisco, CA

January 15-17

February 21

February 26-29

March 25-29

May 21

June 15~18

2012

International Conference on
Earth Sciences and Engineering:
brings together scientists,
engineers, and students to share
their experiences and research
results about all aspects of Earth
Sciences and Engineering,
Zurich, Switzerland

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

22nd ASEG: the conference
theme ‘Unearthing New Layers'
recognises that transformational
change in our industry can still
occur, Melbourne, Australia

25th Anniversary Symposium on
the Application of Geophysics to
Engineering and Environmental
Problems (SAGEEP) “Making
Waves: Geophysical Innovations
for a Thirsty World”, Tucson, AZ

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

5th International Conference on
Environmental and Engineering
Geophysics, Changsha, China
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President’s Message: Be a Proud Member!

Mark Dunscomb, President (mdunscomb@schnabel-eng.com)

“So what do you do?” “I'm a geophysicist.” “Oh, that’s interesting. Uh, so
what does a geophysicist do?”

Let’'s face it, near-surface geophysicists are not like coffee shops. You
don’t find them on nearly every corner. However, thatin no way is reflective
of the near-surface geophysicist’s importance to society. Looking into
the future, there are a few things that are certain: urban areas will grow,
infrastructure continues to get old, and sustainable potable water sources
become increasingly critical. These three points impact all of us, whatever
area of geophysics you practice in, and geophysicists should be involved
with the solutions. What does that mean for you and EEGS?

Given our positive future and the enormous rate of change in technology, it's important to stay connected.
EEGS is the only geophysical society in North America that focuses solely on the near-surface.
We represent a diverse group (including practitioners, researchers and professors, and instrument
developers and manufacturers, not to mention all the applications that we delve in) and yet we have
common goals and collaborate to enhance the field of near-surface geophysics. We need you to make
the society even better. Here are my top three reasons for being a member.

Relationships: Call it networking, friendship, cooperative business arrangements, whatever the name
this is one thing you don’t generally learn enough about in school. Relationships in your chosen field
broaden your perspective, create opportunities for career development, and help you understand your
competitors. Its importance can’t be stated strongly enough.

Broaden your knowledge: EEGS brings together the key components to expand your understanding
of the latest in near-surface technologies. | can speak personally to the fact that I've called many
people in the society and have been called many times to exchange information on everything from
understanding the physics of developing approaches to how to implement certain data collection
techniques. Membership also supports the Journal of Environmental and Engineering Geophysics
(JEEG) and information or access to other related publications. That's not to mention SAGEEP, the
EEGS annual meeting, where you can learn from others and enhance your own professional visibility
by presenting your ideas and experience.

Outreach: It's important to near-surface geophysics as a whole to reach out to students, related
societies internationally, and organizations of professionals and researchers that have common
interests. According to research conducted by the American Geological Institute (of which everyone
in EEGS is automatically also a member), there is a potential for a net demand for about 150,000
geoscientists, including geophysicists, by the year 2021. How will the word get out if not from us? We
need to accurately explain the advantages to incorporating geophysical technologies in investigations,
evaluations, and monitoring the near-surface.

But, outreach means more than that; it also includes using our talents and knowledge to aid those who
could benefit from them. EEGS has teamed, via the EEGS Foundation, with Geoscientists without
Borders to assist with their pursuit of humanitarian applications around the world.

So get involved, take charge of your professional development and help your community, be proud of
your EEGS membership, and if you are not a member yet, join us.

ﬁ 5
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EEGS Foundation makes
great strides in its first years.

Acilion

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 Luke, Barbara

Barkhouse, William
Barrow, Bruce
Billingsley, Patricia

Maclnnes, Scott
Malkov, Mikhail
Markiewicz, Richard

Blackey, Mark Mills, Dennis
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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Skokan, Catherine
Smith, Bruce



www.eegs.org

Products you know,

e 11-_—-—-;\

_ Resultsyou tr -

Sales & Rentals
Seismographs - Magnetometers - GeoElectrical Instruments

www.geometrics.com

() GEOMETRICS

Innovation - Experience = Results

P: (408) 954-0522 - F: (408)954-0902 - E:sales@geometrics.com

2190 Fortune Drive - SanJose, CA95131 U.S.A.

FastTIMES v. 16, no. 3, September 2011

L
=


www.eegs.org
www.geometrics.com

Notes from EEGS

Harold Mooney Award

Ourown Jonathan E. Nyquist, Professorand Week’s Chairin Environmental
Geology at Temple University is the 2011 winner of the Harold Mooney
award. The award was presented by NSG President Klaus Holliger at the
Near Surface Geophysics Section reception held at the 2011 SEG annual
meeting in San Antonio, TX. The Mooney award is given “in recognition
of long-term, tireless, and enthusiastic support of the near-surface
geophysics community through education, outreach efforts, professional
service, or development of opportunities with other professional disciplines
that employ geophysics.”

Congratulations!

Renew your EEGS Membership for 2012

Be sure to renew your EEGS membership for 2012! In addition to the more tangible member benefits
(including the option of receiving a print or electronic subscription to JEEG, FastTIMES delivered to
your email box quarterly, discounts on EEGS publications and SAGEEP registration, and benefits from
associated societies), your dues help support EEGS’s major initiatives such as producing our annual
meeting (SAGEEP), publishing JEEG, making our publications available electronically, expanding the
awareness of near-surface geophysics outside our discipline, and enhancing our web site to enable
desired capabilities such as membership services, publication ordering, and search and delivery of
SAGEEP papers. New this year is an opportunity to donate to the EEGS Foundation during the renewal
process. Members can renew by mail, fax, or online at www.eegs.org.

Sponsorship Opportunities

There are always sponsorship opportunities available for government agencies, corporations, and
individuals who wish to help support EEGS’s activities. Specific opportunities include development
and maintenance of an online system for accessing SAGEEP papers from the EEGS web site and
support for the 2012 SAGEEP conference to be held in Tucson, Arizona. Contact Mark Dunscomb
(mdunscomb@schnabel-eng.com) for more information.

ﬁ 8

FastTIMES v. 16, no. 3, September 2011



www.eegs.org

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.orqg) in the
membership section.

Renew Online - Last year, many of you took advantage of our new online membership renewal (or
joining EEGS) option. Itis 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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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 htip.//www.eegs.org/Publications/FASTTIMES/L atestIssue.
aspx. The most recent issue (June 2011, cover image at left) has
been downloaded more than 10,000 times as of September 2011,
and past issues of FastTIMES continually rank among the top down-
loads 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 descrip-
tions 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!

B
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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®)-listed journal 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 September 2011 Issue

Journal of Environmental & Engineering Geophysics
v. 16, no. 3, September 2011

Journal of
Environmental &
Engineering
Geophysics

Evaluation of the Influence of 2-D Electrical Resistivity on Magnetic
Resonance Sounding
Martina Braun and Ugur Yaramanci

Application of Magnetic Susceptibility for Wetlands Delineation
Janet E. Simms and Anthony R. Lobred

Characterization of a Landslide Using Seismic Refraction, Electrical
Resistivity and Hydrometer Methods, Adatepe - Canakkale, NW Turkey

Tolga Bekler, Yunus Levent Ekinci, Alper Demirci, Ahmet Evren Erginal and Can
Ertekin

Robust Inversion of Time-domain Electromagnetic Data: Application to
Unexploded Ordnance Discrimination
Laurens Beran, Stephen Billings and Doug Oldenburg

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.

B
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The JEEG Pages

EAGE’s Near Surface Geophysics Journal, August 2011

As a courtesy to the European Association of Geoscientists and Engineers (EAGE) and the readers of FastTIMES, we re-
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SEISMIC AND GEOTECHNICAL SITE CHARACTERIZATIONS AT FOUR
EARTHQUAKE STRONG MOTION SITES IN WASHINGTON STATE

Recep Cakir, Geol.&Earth Resources, Washington State Dept. of Natural Resources, Olympia, WA
Timothy J. Walsh, Geol.&Earth Resources, Washington State Dept. of Natural Resources, Olympia, WA
Trevor Contreras, Geol.&Earth Resources, Washington State Dept. of Natural Resources, Olympia, WA

Abstract

As part of on going program for generating maps addressing geologic site effects in Washington,
the Washington State Department of Natural Resources (DNR), Division of Geology and Earth
Resources (DGER) drilled 30-meter-deep geotechnical boreholes at four strong-motion sites operated by
the Pacific Northwest Seismic Network (PNSN). Invasive (soil sampling, Standard Penetration Test
(SPT) and downhole seismic) and noninvasive (Multichannel Analysis of Surface Waves, (MASW))
methods were used to determine shear-wave velocity profiles, specifically for the top 100 feet of soil
column, at each of these strong motion sites.

The boreholes were logged for visual soil classification and SPTs, and selected soil samples were
tested in the laboratory to obtain plasticity and gradation values. In addition, S-and P-waves generated at
the surface were received by a 3-component geophone placed at 1-m intervals in each borehole. Then
the borehole sites were later surveyed by using MASW method to estimate the Vs profiles at each
borehole site. The MASW survey shows a very good correlation with the downhole S-velocity profiles.
SPT blow counts are consistent with soil conditions in the Puget Sound area. Site classes E, D-E, D, C-D
and C, as described in the International Building Codes (IBC 2006), were determined by using average
shear-wave velocities and SPT blow count values to 30 meters (~100 feet) of soil column of the four
boreholes.

An updateable geospatial database incorporating shear-wave data and velocities, borehole
geotechnical information (soil samples and their laboratory tests, SPT blow counts, etc.) will be
generated and periodically updated. This database will directly be available through the DGER‘s
interactive mapping service for end users such as federal and local government agencies, urban planning
and emergency response groups and seismic networks, such as PNSN.

Introduction

Local soil and geologic site variations during moderate to large earthquakes have major impact
on buildings, lifelines, bridges and other critical structures such as dams and power plants. Also, local
soil/geological site variations directly affect on the earthquake signals received by the seismograph or
seismographs network. Shallow site effect must be known to determine 1) a more reliable earthquake
magnitude, 2) a better local site classification which is important for the building codes, and 3)
liquefaction susceptibilities. Therefore, acquiring shear wave velocity data either by surface seismic
surveys (noninvasive) or by downhole seismic surveys (invasive) is a critical step. To better determine
the seismic site effects at strong motion station sites, the Washington State Department of Natural
Resources, Division of Geology and Earth Resources (DGER) drilled 100-feet deep geotechnical
boreholes at four given locations (Figure 1) (Bodin, 2007). These strong motion sites have been operated
by the Pacific Northwest Seismic Network (PNSN). Among these four station sites DNR is scheduled to
be operated after its installation sometime in 2008.

K "
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Figure 1: Recently drilled four earthquake strong motion recording sites (squares); Hood Canal (OHC),
Wishkah (WISH), Rochester (RRHS) and Washington State Department of Natural Resources-Olympia
(DNR) are shown along with previous site characterization locations investigated by Wong and Stokoe
(2004) (circles).

Invasive and Non Invasive Methods and Data

DNR-Division of Geology and Earth Resources drilled 30-meter-deep geotechnical boreholes at
four strong-motion sites operated by the Pacific Northwest Seismic Network (PNSN). Invasive
(Standard Penetration Test (SPT) and downhole seismic) and noninvasive (Multichannel Analysis of
Surface Waves (MASW) combined with Microtremor Array Measurement (MAM)) methods were then
used to determine shear-wave velocity profiles with respect to depth at each strong motion site. In each
borehole SPTs were completed by counting the blows per foot. Also, soil samples (disturbed) taken
during the SPTs were visually inspected and few selected samples were later tested in the laboratory to
determine plasticity and gradation characteristics.

After the SPTs and soil samplings were completed, each 30-m borehole was cased with 2-inch
PVC and backfilled with cement. For each site downhole seismic survey was then conducted by
generating shear-wave source received by a 3-component geophone system. A nine foot long 6x10"
wood beam with 1.5" thick protective steel end caps was coupled to the ground by parking the front two
wheel of a field vehicle on top of the beam. The wood beam was placed on the ground at 3 meters from
the boring. A 3-component borehole geophone package manufactured by the Oyo Corporation was
lowered and fixed for each depth by coupling to the wall of the casing. An inflating a pneumatic bladder
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was used for coupling. Then we generated horizontally polarized shear waves by striking with a 12 1b.
sledge hammer on each end of the wood beam. These shear wave energy signals were received by the 3-
component geophone at every 1 meter in 30-meter (~100 feet) borehole and recorded on three
designated channels of a 24-channel GEODE manufactured by Geometrics Inc.

We later surveyed the sites by using the MASW and the MAM noninvasive methods to test how
these surface-wave methods correlate with invasive downhole seismic method for obtaining the shear-
wave velocity profiles, specifically in top 100 feet of the soil column. Our plan is to use the MASW
method extensively for future site characterizations. This method has been extensively studied and tested
for various shallow earth problems by the Kansas Geological Survey (KGS) (Miller et al., 1999 Park et
al., 1999: Xia et al., 2000). We strongly encourage readers to visit the KGS website
(http:// www.kgs.ku.edu/Geophysics/pubs.html) for more references about the method. A 12 Ib sledge
hammer source and 4.5-Hz vertical geophones with 3 meter interval were used to generate and receive
surface (Rayleigh) waves recorded on a 24-channel GEODE. Time sampling, record length and shot
interval for MASW acquisition and geometry parameters were selected as 0.125 millisecond, 1 second,
and 3 meters, respectively. Dispersion curves (phase velocity vs. frequency) and their inverted shear-
wave velocity profiles were obtained by using software analyzing seismic surface-waves
(SeismicImager/SW, 2006).

After completion of the downhole seismic survey, arrival times of the shear waves to horizontal
component of the 3-component geophone were determined by visual inspection of the pair waveforms
generated by striking on each end of the wood beam. Waveform pairs having approximately 180 degree
phase difference were identified as shear-wave arrivals on transverse direction (Sy). In addition to first
breaks arrival times, first peak and first maximum arrival times of the pairs were determined to reduce
uncertainty in picking the first break arrival times. These measured arrival times were then corrected to
match hypothetical vertically-travelling waves assuming straight-line ray path. For each depth these
corrected arrival times were then used to calculate interval shear-wave velocities.

We compared SPT values with the downhole seismic velocities and shear-wave velocity
averaged to 100 feet depth (Vs100) and assigned site classes based on NEHRP classification schemes
(IBC 2006). We finally summarized the results in comparison with MASW shear-wave velocities.

Results

DNR (Department of Natural Resources) Site

DNR Station site is approximately 100 meters north of the Department of Natural Resources
building and scheduled to be used as a strong motion site, after installation is completed by the PNSN in
2008. Figure 2 shows site class map (Palmer et al., 2004) and scheduled DNR strong motion site.
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L

e

Figure 2: DNR site is underlain by NEHRP site class map (Palmer et al, 2004) for WA. The site was
previously determined as NEHRP class D-E.

After carefully conducting downhole seismic survey, arrival times were manually picked based on first
breaks (fb), first peaks (fp) and first maximums (fm) of the shear waves. Then these arrival times
geometrically corrected and interval velocities were calculated. Figure 3 shows shear-wave velocity
profiles, combined with SPT-N blow counts, determined using downhole seismic data. Both data sets
were acquired from the 100-feet (~30 meters) deep borehole.
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Figure 3: Velocity and SPT-N (blow counts) profile for the DNR site. Symbols fb, fp and fim represents
first break, first peak and first maximum, respectively, arrival times of the horizontally polarized shear
waves. E, D and C lines are marked to identify NEHRP site class boundaries given in the IBC 2006.
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Results from calculation of the NEHRP average shear-wave velocities for top 100 feet depth
(Vs100) using b, fp, fm and SPT-N data show that site class is D-E. Also, MASW results shown in
Figure 4 give Vs average value which is in a good agreement with downhole seismic and SPT-N results.
Table 1 summarizes all 100 feet (30 meter) NEHRP averaged values and site classes.
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Figure 4: Vs velocity profile determined from the MASW analysis. This profile gives 620 ft/sec for the
NEHRP average velocity (Vs100) of top 100-feet soil column.

Table 1: Calculated averaged Vs100 and SPT-N values and the corresponding NEHRP site classes (IBC
2006). Vs100 and N100 are averaged shear-wave velocities and SPT blow counts to top 100 ft (~30
meter) of soil column, respectively.

Values for DNR NEHRP Site Class
Vs100_fb (ft/sec) 726 D
Vs100 fp (ft/sec) 717 D
Vs100 fm (ft/sec) 673 D
N100 (blow counts) 6 E
Vs100_MASW (ft/sec) 621 D
Interpreted NEHRP site class based on listed values above = D-E and D
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RRHS (Rochester) Site
RRHS is currently operating PNSN strong motion site. It is located in the Rochester High School

(Figure 5).

The site was previously determined as NEHRP class C (very dense soil and soft rock).

Figure 6 shows shear-wave velocity profiles, combined with SPT-N blow counts, determined by
processing the downhole shear-wave data. Both data sets were acquired from the 100-feet (~30 meters)
deep borehole. Results from calculation of the NEHRP average shear-wave velocities for top 100 feet
depth (Vs100) using fb, fp, fm and SPT-N data show that site class can be rated as C. Also, MASW
results shown in Figure 7 give average Vs value which is in a good agreement with downhole seismic
and SPT-N results. Table 2 summarizes all 100 feet (30 meter) NEHRP averaged values and site classes
for OHC site.
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Figure 6: Velocity and SPT-N (blow counts) profiles for the RRHS (Rochester) site. Symbols fb, fp
and fm represents first break, first peak and first maximum, respectively, arrival times of the shear
waves vibrating transversely to the source-receiver (radial) direction.
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Figure 7: Shear velocity profile obtained from MASW analysis. This velocity profile gives averaged
Vs100 = 1403 ft/sec.

Table 2: Calculated averaged Vs100 and SPT-N values and the corresponding NEHRP site classes (IBC
2006). Vs100 and N100 are averaged shear-wave velocities and SPT blow counts to top 100 ft (~30
meter) of soil column, respectively.

Values for RRHS NEHRP Site Class
Vs100_fb (ft/sec) 1695 Cc
Vs100_fp (ft/sec) 1288
Vs100_fm (ft/sec) 1137 D
N100 (blow counts) 53 C
Vs100_MASW (ft/sec) 1403 Cc
Interpreted NEHRP site class based on listed values above = C
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OHC (Hood Canal) Site
Figure 8 shows site class map (Palmer et al., 2004) and the OHC strong motion site.

Figure 8: OHC site is underlain by NEHRP site class map (Palmer et al, 2004) for WA. The site was
previously determined as NEHRP class D-E (stiff soil and soft soil).

Figure 9 shows shear-wave velocity profiles, combined with SPT-N blow counts, determined by
processing the downhole shear-wave data. Both data sets were acquired from the 100-feet (~30 meters)
deep borehole. Results from calculation of the NEHRP average shear-wave velocities for top 100 feet
depth (Vs100) using fb, fp, fm and SPT-N data show that site class can be rated as D, although V100 fb
gives site class C. Also, MASW results shown in Figure 10 give average Vs value which is in a good
agreement with downhole seismic and SPT-N results. Table 3 summarizes all 100 feet (30 meter)
NEHRP averaged values and site classes for OHC site.
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Figure 9: Velocity and SPT-N (blow counts) profiles for the OHC (Hood Canal) site. Symbols fb, fp
and fm represents first break, first peak and first maximum, respectively, arrival times of the shear
waves vibrating transversely to the source-receiver (radial) direction.
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Figure 10: OHC: Shear-wave velocity profile determined using the MASW analysis. NEHRP average
Vs100 = 853 ft/sec (~260 m/sec)

Table 3: OHC (Hood Canal) site calculated averaged Vs100 and SPT-N values and the corresponding
NEHRP site classes (IBC 2006). Vs100 and N100 are averaged shear-wave velocities and SPT blow
counts to top 100 ft (~30 meter) of soil column, respectively.

Values for OHS NEHRP Site Class
Vs100_fb (ft/sec) 1454 Cc
Vs100_fp (ft/sec) 1042 D
Vs100_fm (ft/sec) 866 D
N100 (blow counts) 28 D
Vs100_MASW (ft/sec) 853 D
Interpreted NEHRP site class based on listed values above = D
(since fb gives unreliable results)

WISH (Wishkah) Site
Figure 11 shows site class map (Palmer et al., 2004) and the WISH strong motion site.
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Figure 11: WISH site is underlain by NEHRP site class map (Palmer et al, 2004) for WA. The site was
previously determined as NEHRP class C (very dense soil and soft rock).

Figure 12 shows shear-wave velocity profiles, combined with SPT-N blow counts, determined
by processing the downhole shear-wave data. Both data sets were acquired from the 100-feet (~30
meters) deep borehole. Results from calculation of the NEHRP average shear-wave velocities for top
100 feet depth (Vs100) using fb, fp, fm and SPT-N data show that site class can be rated as C, although
N100 gives site class C. Also, MASW results shown in Figure 13 give average Vs value which is in a
good agreement with downhole seismic and SPT blow counts. Table 4 summarizes all 100 feet (30
meter) NEHRP averaged values and site classes for the WISH site.
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Figure 12: Velocity and SPT-N (blow counts) profiles for the WISH (Wishkah High School) site.

Symbols fb, fp and fm represents first break, first peak and first maximum, respectively, arrival times of
the shear waves vibrating transversely to the source-receiver (radial) direction.
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Figure 13: WISH: Shear-wave velocity profile determined using the MASW analysis. NEHRP average
Vs100 = 1646 ft/sec (~502 m/sec).

Table 3: OHC (Hood Canal) site calculated averaged Vs100 and SPT-N values and the corresponding
NEHRP site classes (IBC 2006). Vs100 and N100 are averaged shear-wave velocities and SPT blow
counts to top 100 ft (~30 meter) of soil column, respectively.

Values for OHS NEHRP Site Class
Vs100 fb (ft/sec) 1793 C
Vs100 fp (ft/sec) 1600 C
Vs100_fm (ft/sec) 1384 C
N100 (blow counts) 34 D
Vs100_MASW (ft/sec) 1646 Cc
Interpreted NEHRP site class based on listed values above = C

Conclusions

The MASW compared to current and classical shear-wave source-receiver methods is very practical
and productive method to determine NEHRP Vs30 values. Although some variations in Vs30 values are
higher, overall site classes determined using invasive and noninvasive data are in a good agreement with
2004 site class map prepared by Palmer et al.(2004).
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The MASW surveys for the four-borehole sites give reliable shear-wave velocity results that are
consistent with downhole shear-wave velocities and SPT blow counts. Using the first peak and first
maximum of transversely vibrating shear-wave (SH) arrival times give a more stable shear-wave
velocity variation than using the first break arrival times. The first break time values (fb) are less stable
than first peak and first maximum. Strong motion sites DNR (proposed), RHSS, OHC and WISH can be
assigned to the NEHRP site classes D-E, C (or C-D), D (or C-D) and C (or C-D), respectively. Also,
SPT blow counts are representative of soil conditions in the Puget Sound area.

This is ongoing project that requires more shear-wave data acquisition and compilation. Future work
will be based on shear-wave database generation by conducting more MASW surveys and on
dissemination of the pertinent database through DGER’s interactive GIS mapping facility.
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ABSTRACT

The extensive eruption of fluid from the mud volcanoes in the Yanchao area of southwestern
Taiwan reveals the activities of the active Chishan fault. A series of time-lapse resistivity imaging
measurements were initially conducted in the Wushanting Natural Landscape Preservation Area in
Yanchao to evaluate the relationship between resistivity change and fault activity. Resistivity
measurements were conducted first along seven 30- to 60-m survey lines to build up the regional
model for mud volcanoes. We then conducted consecutive hourly and daily measurements to
evaluate the short-term resistivity variations. Monthly observation was initiated along two 60-m
lines in July of 2006. On December 26, 2006, two successive earthquakes with magnitudes of 6.96
and 6.99 hit the town of Hengchun in Pingtung County, about 120 km southwest of the monitoring
site. Before the Pingtung earthquake, the resistivity at the research site was less than 25 ohm-m.
Two regions with relatively low resistivity were found at a depth greater than 4-m at the positions
of the two mud volcano craters. The two low-resistivity regions indicate the locations of conduits
for the mud fluid. The major changes of resistivity are located in the vadose zone between the
surface and a depth of 3-m. After the Pingtung earthquake, the maximum resistivity increased in
the vadose zone by 7 ohm-m and 20 ohm-m on survey lines D and E, respectively. In the zone, the
estimated water content of D and E decreased by 7% and 10%, respectively, after the earthquake.
We suggest that the decrease of resistivity in the vadose zone most likely reflects the decrease of
water content, itself caused by the earthquake tremors’ increased emission of gas. Currently, we are
continuing the resistivity-monitoring surveys and hope to provide more data to clarify the seasonal-
variation patterns and to compare them with the previous findings.

Introduction

Mud volcanoes are geological features distributed in
a wide variety of tectonic environments, such as passive
continental margins, continental interiors, and transform
and convergent plate boundaries (e.g., Hedberg, 1980;
Fertl and Timko, 1970; Higgins and Saunders, 1974; Reed
et al, 1990). In southwestern Taiwan, abundant mud
volcanoes have erupted on land and offshore owing to the
intense compression tectonic environment (Shih, 1967;
Huang et al., 1992; Liu et al,, 1997). Most mud volcanoes
on land are related to geological structures and are
distributed along the axis of the Gutingkeng anticline and
the Chishan fault (Wang, 1988). The gas in mud volcanoes
is believed to be closely related to decomposed organic
matters in the mudstone formation. You et al (2004)
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suggest that fluid emanating from Taiwanese mud
volcanoes were originally marine pore waters that mixed
with meteoric water, or that underwent surface evapora-
tion during the recharge and discharge processes.
Nevertheless, the gas-eruption activity of mud volcanoes
are found to be closely related to tectonic activity (Sung
et al., 2004). It is difficult to estimate the gas volume
correctly given the government restrictions on setting
up any permanent instruments in the field, therefore it
is necessary to look for other ways to monitor the gas-
eruption activities quantitatively. In theory, the volume
occupied by gas is more resistive than the water-saturated
soil volume. If the eruption activity increases, the
occupied gas volume should also increase. This premise
makes it reasonable to measure the gas-eruption activity
through electrical resistivity differences.

ﬂ 26


www.eegs.org

Chang: Electrical Resistivity Variations Before and After the Pingtung Earthquake - JEEG Volume 15, Issue 4

Electrical resistivity surveys employ a direct
current or an alternating current of very low frequency
and measure the variation of spatial potential fields to
explore the distribution of the ground’s apparent
resistivity. Techniques for electrical resistivity monitor-
ing have been successfully used for environmental
purposes because of the techniques’ abilities to identify
resistivity changes stemming from either water-content
variation in the vadose zone or the migration of con-
taminants (e.g., Kean et al, 1987; Van et al,, 1991). In
this study, we attempt to quantify the mud volcano
activity in the Wushanting Natural Landscape Preser-
vation Area with surface electrical resistivity imaging
profiling technology. The study was divided into three
phases. In the first phase, we deployed seven survey
lines, including four south-to-north 60-m long and three
east-to-west 30-m long resistivity survey lines to
investigate the background near-surface geology in the
WNLPA. In the second phase, we collected hourly and
daily time-lapse resistivity measurements along two
survey lines to analyze the range of short-term variation.
The design of the second phase is to study how the
resistivity varies in a short period. The third phase
included monthly measurements over a 10-month period
to identify the long-term variation of the mud volcano
activities, and to compare the resistivity variation with
the tectonic activity.

Site Description

Taiwan is located at the boundary of the
Philippine Sea plate and the Eurasia plate. At least 17
major mud volcano sites can be identified in southwest-
ern Taiwan. Among them, the Wushanting Natural
Landscape Preservation Area (WNLPA) (Fig. 1) is
located near the Chishan fault in Yanchao, Taiwan.
The eruption of fluids and gases from the fissures in the
thick Gutingkeng mudstone resulted in two huge cone-
shape landscape features. The Gutingkeng formation is
mainly Pleistocene marine gray mudstone intercalated
with thin-bedded sandstone (Keng, 1981), and clay
particles can constitute about 59% of the formation’s
content. The thickness of the formation reaches is over
5,000 m.

The mud volcanoes in the WNLPA are located
in a 200-m x 150-m platform (Fig. 2(a)). There were
originally three main mud volcano craters in the
platform. A new eruption crater was formed beside the
B crater after the Pingtung earthquake in December
2006. Constantly erupted mud fluids almost entirely
eliminate plants from the ground near the craters. The
unique geomorphic features have led the government to
designate the WNLPA site a natural landscape preser-
vation area in the county.
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A Mud volcano \ |3|:Il:'t|- e 23N

Figure 1. Regional maps showing the locations of mud-
volcano groups (LC, TKS, AKS, KSP, LYS, and WST)
in southwestern Taiwan. The star sign shows the location
of the Wushanting Natural Landscape Preservation Area
(WNLPA) site. The Cross labels in the lower right small
map indicate the two epicenters of the Pingtung
doublet earthquake.

We chose the surface electrical resistivity imaging
profiling (RIP) method for this study because govern-
ment policies prohibit establishment of permanent
instrumentation in the WNLPA. The LGM 4-point
Light hp resistivity meter and ActEle system (Lipp-
mann, 2005) were used for the field resistivity measure-
ments. For the resistivity measurements in the first
phase, we selected dipole-dipole and Wenner arrays
because they provide lateral and vertical coverage of the
subsurface. To construct the geology model of the
WNLPA site, we performed data acquisition with 40
electrodes spaced at 1.5-m intervals along the south-to-
north lines (lines C, D, E, and F in Fig. 2(b)), and with
20 electrodes along the east-to-west lines (lines X, Y,
and Z in Fig. 2(b)). To address the lateral resistivity
variation and to use our survey time efficiently, we used
only the dipole-dipole method during the second and the
third phases of the research. In the second phase, we
conducted measurements along the D and E lines with
the same 1.5-m electrode spacing to monitor short-term
variations in resistivity. The short-term monitoring was
conducted in two different time frames: first we carried
out monitoring every hour for 8 consecutive hours, and
then we resumed the monitoring, carrying it out once a
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Figure 2. (a) Satellite image of the WNLPA (from Google™ earth) and pictures of the mud volcano B (upper left) and
mud volcano S (lower right). (b) Resistivity survey plan of the WNLPA site (dotted line indicates the range of the
WNLPA). B and S mark the locations of two major mud-volcano craters. Resistivity surveys were conducted along the C,
D, E, and F lines and along the X, Y, and Z lines. Arrows show the survey direction.

day for one week. In the third phase, we collected
resistivity data along the D and E lines with the same
1.5-m electrode spacing for 10 mo. Because precipitation
may affect the resistivity measurements, we took no
resistivity measurements during the three days following
significant rainfall; in this way, we sought to avoid a
situation where the precipitation would affect our long-

FastTIMES v. 16, no. 3, September 2011

term monitoring study. As a result, the frequency of the
long-term measurement was roughly once a month, with
the frequency varying in relation to weather conditions.
Resistivity data were inverted with EarthImager'™ 2D
software (AGI, 2006), which uses a forward modeling
subroutine and non-linear optimization techniques to
calculate resistivity values.
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(a) Inverted resistivity imaging profiles of the north-south C, D, E, and F lines collected at the WNLPA site in

July 2006. B and S indicate the projected locations of the two mud-volcano craters. (b) Inverted resistivity images of the

east-west X, Y, and Z profiles.
Results

Background Resistivity

The dipole-dipole and Wenner-resistivity surveys
were conducted on July 22, 2006 (during the first phase),
to construct the background model of the WNLPA site.
The acquired dipole-dipole and Wenner data were
then combined and inverted together using the AGI
EarthImager™ 2D software (AGI, 2006). Figure 4
shows the inverted resistivity of the north-south C, D,
E, and F lines and the east-west X, Y, and Z lines.
Symbols B and S indicate the projected positions of the
mud volcano craters. The horizontal distance, shown in
images in Fig. 3, indicates the displacement from the
position of the reference electrode in each survey line.
Because lines C, D, E, and F (Fig. 3(a)) had longer survey
distances, and therefore allowed for larger electrode
spacing, the resistivity-exploration depth for lines C, D,
E, and F is larger than that for lines X, Y, and Z
(Fig. 3(b)). In general, the inverted resistivity ranged from
2 to 16 ohm-m for the mudstone in the WNLPA site. The
vadose zone, which is located at the surface and is more
resistive than the underlying saturated layer, is about
2-3 m thick in the study area. Regarding high resistivity
regions (regions wiyh resistivity greater than 10 ohm-m),

lines E and F exhibited resistivity values greater than the
resistivity in the C and D lines. Line Z exhibited resistivity
that was greater than the resistivity in lines X and Y.
Because of the geology in the WNLPA site, these regions
may constitute a “‘drier zone” than the rest of the vadose
zone. We located low resistivity regions (regions with
resistivity less than 4 ohm-m) under the two mud volcano
craters in lines D, E, and F. Because the mud volcanoes
are still emitting gas and mud fluids from craters, the low
resistivity region may indicate the presence of fissures
where the mud fluids existed.

Results from surveys along lines C, D, E, and F
were combined together, and the data between lines
were then interpolated with the simple kriging method;
in this way, we formed the resistivity layered model
of the WNLPA site shown in Fig. 4. In Fig. 4, a high
resistivity region (with resistivity over 10 ohm-m)
appears in the southeast part of the WNLPA within
4-m of the surface. Compared to the rest of the area, the
drier region is located in the high ground formed by the
mud emitted from the mud volcanoes. This region’s
characteristics imply that the southeast WNLPA site has
a thicker vadose zone with less water content above the
shallow water table. Regarding the mudstone deeper
than 4-m, we identified two isolated low-resistivity
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regions (with resistivity less than 4 ohm-m) under the
two mud volcano craters. The location-related consis-
tency between the very low resistivity region in the
deeper subsurface and the mud volcano craters on the
ground surface suggests fissure conduits of oversaturat-
ed mud are present.

=24

Short-term Variation of the Resistivity

The short-term (daily) resistivity variations were
monitored prior to monitoring the long-term (monthly)
resistivity changes. Evaluation of the short-term varia-
tions allowed us to distinguish the accumulated long-
term deviations from the hourly or daily variations.
Dipole-dipole surveys were first conducted along line
D every hour for 7 consecutive hours to assess the
variation from hour to hour. Figs. 5(a)~«(b) show the
average resistivity and the standard deviation of the hourly
surveys, respectively. Figure 6(a) shows that the resistive
layer exhibiting resistivity over 5 ohm-m has a depth less
than 3 m. Furthermore, regions with higher resistivity
(>9 ohm-m) are located at the positions near the two mud

=5 5

5k

Figure 4. Background resistivity images collected at the volcano craters. Also, as Fig. 5(b) shows, most of the line
WNLPA site in July 2006. The resistivity image of each D’s standard deviation values in the 7-hour period are
different depth was created by applying the kriging less than 1 ohm-m. The maximum standard deviation is
method to the inversion results from the C, D, E, and F about 4.0 ohm-m and is found only at two surface
lines and from the X, Y, and Z profiles. points, located at 13-m and 44-m from the reference

electrode. The hourly observation shows no significant
resistivity variation during the study period. This
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Figure 5. (a) Average resistivity of the hourly surveys along the D line. (b) Standard deviation of resistivity of the hourly
surveys along the D line.
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Figure 6. Resistivity difference in the background data collected at (a) day 2, (b) day 3, (c) day 4, (d) day 5, (e) day 6, and

(f) day 7 in the 7-day observation study.

finding implies that the influences from the hourly
change of climate conditions are minor during the
observation period along the D profile.

After the completion of hourly observations on
day 1, we commenced the daily observation for six
consecutive days. During the entire 7-day period, there
was no precipitation in the study area. Figures 6(a) to

6(f) illustrate the resistivity difference with respect to the
background at day 1. Figure 6(a) illustrates the finding
that, at day 2, regions exhibiting sporadic resistivity-
related changes over 1 ohm-m appeared near the surface
locations. The precise ranges of these locations are as
follow: from 1.5-m to 4-m, from 10-m to 13.4-m, from
25.4-m to 27.4-m, from 37-m to 38-m, and from 55.4-m
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to 59.5-m. Most of the regions were not deeper than 3-m
from the surface (Fig. 6). At day 3, the region between 37-
m and 38-m broke down into several smaller regions, and
the rest of the regions’ maximum changes in resistivity
increased to over 2.5 ohm-m (Fig. 6(b)). Regarding the
region that was from 10-m to 13.4-m, the maximum
change in resistivity increased to over 4 ohm-m at day 4
(Fig. 6(c)) and then decreased to about 3.0 ohm-m by day
5 (Fig. 6(d)). Figures 6(e) and 6(f) illustrate the same
trend of decreasing resistivity as that at day 5 for all
anomalous regions at day 6 and day 7.

Our examination of daily variations has helped us
to evaluate the range of daily variation and the trend of
daily resistivity change. In summary, the results of our
daily resistivity observations indicate that most of the
anomalous resistivity regions during the 7-day period
were located no deeper than 3-m from the surface. The
daily resistivity change varied systematically between
2 ohm-m and 5 ohm-m at the WNLPA site. The absence
of drastic daily resistivity variation over 5 ohm-m
implies that the resistivity variation at the WNLPA site
is progressive and that the long-term resistivity change
over this range can be viewed as the consequences of
accumulated short-term changes, rather than as short-
term peaks.

Monthly Variations in Resistivity

It was expected that the resistivity change of mud
volcanoes would take place around the vertical fault
fissures, as mentioned in the previous section. Therefore,
we used RIP measurements with the dipole-dipole
electrode configuration along the D and the E survey
lines. The observation period extended from July 2006
to April 2007. During the long-term observation, two
successive earthquakes with magnitudes of 6.96 and 6.99
hit southern Taiwan offshore of the Hengchun twon,
Pingtung County, on December 26, 2006 (Chen et al.,
2008). The epicenters of the Pingtung doublet earth-
quake were about 120 km southwest of the WNLPA site
(locations of epicenters of the Pingtung doublet earth-
quake are indicated in Fig. 1). In the WNLPA area,
earthquake magnitude measured is about 5 (CWB,
2006) for the Pingtung earthquake. This major earth-
quake constituted an extraordinarily useful event for
our long-term resistivity study. Therefore, we took two
additional measurements immediately after the earth-
quake to evaluate whether or not the earthquake
significantly affected the activity of the mud volcanoes.

Based on background that we collected on July 22,
2006, Fig. 7 illustrates (1) the inverted long-term
resistivity of the D profile and (2) the difference between
the observed resistivity and the background. The
resistivity images of the D profile show that a relatively
resistive zone (resistivity higher than 5 ohm-m) existed

at the shallow subsurface above 181 m (about 0-m to
3-m in depth). We had identified this resistive region as
the near-surface vadose zone in the study’s first phase.
Before the Pingtung earthquake (Dec. 26 2006), the
major resistivity increase was in the vadose zone. Several
regions with resistivity anomalies less than 5 ohm-m
appeared sporadically in the vadose zone. In general, the
resistivity change before the earthquake was less than
the range of the short-term variation. Two days after the
Pingtung earthquake, the maximum resistivity increase
reached about 10 ohm-m, twice the short-term variation
range in the D profile. A similar increased resistivity in
the shallow subsurface was reported by Yang et al
(2002) after the Chi-Chi earthquake in the hanging wall
of the Chelungpu fault zone. By April 14, 2007, the
measured resistivity anomaly increased to over 12 ohm-
m near the S mud volcano crater. Unfortunately, we did
not have the day-to-day measurements to verify whether
these data reflected the real resistivity change near the S
mud volcano crater or were simply data offset owing to
an unidentified equipment-setup problem.

Figure 8 shows the resistivity images and the
resistivity difference to the background of the E profile.
The images show that several anomalous resistivity
regions were developing above 3-m in depth in the
vadose zone throughout the monitoring period. The
maximum resistivity anomaly gradually increased and
reached about 12 ohm-m by December 17, 2006. On
December 28, two days after the Pingtung earthquake,
the E profile’s maximum resistivity increased to over
20 ohm-m near the surface. The earthquake-induced
increase in the E profile’s maximum resistivity was
about three times larger than that of the nearby D
profile’s maximum resistivity. The maximum resistivity
increases were over 20 ohm-m on January 14 and
February 28 in 2007, but only slightly greater than
15 ohm-m on April 14, 2007. In conclusion, the E
profile’s resistivity in the vadose zone increased to over
20 ohm-m owing to the Pingtung earthquake, and
slightly decreased four months after the earthquake.

Discussion

There are many possible reasons for the changes in
resistivity; such as temperature, precipitation, earth-
quake activity, and their subsequent influence (namely,
gas or fluid emissions from the subsurface). Since we did
not take measurements within three days following
precipitation events, we should be able to rule out
precipitation influence. Besides the precipitation, the
temperature may affect the resistivity variations. After
examining the daily temperature records during the
monitoring period (Fig. 9), we concluded that the
resistivity roughly decreases by about 0.7 ohm-m when
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Figure 7. Left: the inverted resistivity images of the D line with respect to the long-term monthly observation. Right: the

resistivity difference of the D line to the background data (July 22, 2006).
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Figure 8. Left: the inverted resistivity images of the E line for long-term monthly observations. Right: the resistivity

difference of the E line with respect to the background data (July 22, 2006).
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Figure 9. Comparison of maximum resistivity of D and
E lines and the ground temperature before the Pingtung
earthquake. Dashed lines are the regression lines of the D
and E profiles.

the daily average temperature increases by 1°C. The
temperature was not likely the major factor causing the
abrupt resistivity decrease after the Pingtung earthquake
since the average temperature only decreased 5-7°C in

(

I
—

December at the WNLPA site. Therefore, we suggest
that the decrease of resistivity in the vadose zone of the
D profile and the E profile most likely stemmed from the
earthquake activities.

In addition, there is a radon activity monitoring
site located about 500 m south of the WNLPA in the
Campus of National Kaohsiung Normal University.
Figure 10(a) shows the variations of radon activities
during 2006 and 2007. Unfortunately, the instrument
appears to encounter some problems in recording the
radon data in July and August of 2006 and also in
February of 2007. We found that the radon activity
recorded by the instrument seems to have gradually
recovered to a steady state after October 2006. In
Fig. 10(b), we show the half-week maximum radon
activity from October 2006 to January 2007. The peak
values of the radon activity variations seem to be
correlated well with the highest and lowest temperatures
of every month, except for the peak appearing at the
time of the Pingtung earthquake. Although the radon
activities are affected primarily by the temperature, the
extraordinary peak at the Pingtung earthquake suggests
excess gas emission in the area. We further compared the
resistivity at 1.2-m deep to the methane gas flux collected
by Hong et al. (2009) at the surface in WNLPA. Methane
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Figure 10.

Days since 7/22/06

(a) Radon activity records during 2006 and 2007. (b) Variation of half-week maximum radon activities from

October 2006 to January 2007. Black arrows show the highest temperatures of the month, and white arrows show the
lowest temperature of the month. (The time scale is converted into days since 7/22/06 to be compared with the

resistivity variations).
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Figure 11. Spatial distribution of 2-D electrical resistiv-

ity at a depth of 1.2 m and micro-seepage of CH4 flux
measured by Hong et al. (2009) in the WNLPA. Methane
flux measurements close to X, Y, and Z lines were
projected on those profiles for comparison.

measurements near the resistivity survey lines were
selected and projected onto the resistivity profiles. In
Fig. 11, the high resistivity regions can be correlated
to the areas with high methane flux. Therefore, we
concluded that the earthquake likely induced a greater-
than-usual emission of gas from the gas-saturated mud
fluid in fault fissures. The emitted mud fluid would have
formed a thin impermeable cap and the gas would then
have accumulated near the surface, resulting in the
decreased water content and the higher resistivity in the
vadose zone.

To estimate the change of water content in the
vadose zone at the WNLPA site, we took several soil
samples along the perimeter of the WNLPA site (because
no sampling is allowed inside the protection zone). We
conducted the “beaker test” in the laboratory to create
circumstances that would enable us to identify the
relationships between the water content and the resistivity
at the WNLPA site. Soil samples were heated for 24 h in a
105°C oven and then packed, in equal parts, into several
1-liter beakers and weighed. The thickness of the soil
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samples was maintained at least 6-cm from the bottom of
the beakers to ensure the absence of boundary interrup-
tions. We added various volumes of water into the beakers
and sealed the top of the beakers for a day. Next, the
beakers were weighed and the resistivity was measured
using a Wenner array with electrodes spaced 2-cm apart.
Lastly, the soil samples were weighted again to allow
correction for evaporation (loss of water) during the
measurements. The beaker test provides a quick way to
build the resistivity-“‘water content” relationships in the
laboratory. In addition, the test enabled us to easily
measure the oversaturated condition.

Though the WNLPA site is located in the
mudstone area, the grain-size analysis shows that soil
samples contained 4.0% clay, 67.1% silt, and 28.9%
sand. Researchers have proposed various empirical and
theoretical equations to describe the relationships
between water content and measured bulk resistivity
for soils and rocks, an example being Archie’s empirical
equation (Archie, 1942). In this study, we adopted a
single power-law function similar to that of LaBrecque
et al. (2002). The relationship between bulk resistivity
and water content can then be described as

p=a’67b, (1)

where p is the bulk resistivity, 0 is the volumetric water
content, and a and b are the empirical constants that
were determined through a comparison of measured
resistivity to water content in the beaker test. Noting
that parameters a and b might vary between the lab-
scale test and the field experiment, we used only the
empirical relationships built in the beaker test to
conduct a rough evaluation of the water content’s
variation range at the WNLPA site. Here, we deter-
mined a=3.5 and b=0.81 from the unsaturated results
of the beaker test shown in Fig. 12. Figure 13 shows the
variations of the maximum resistivity and the estimated
water content on the D and E profiles during the
observation periods. After the Pingtung earthquake, the
maximum resistivity increased by 10 ohm-m and 25 ohm-m
on the D and E profiles (Fig. 13(a)), respectively. The
estimated post-earthquake water content, however,
decreased by 7% and 10% for the D and E profiles,
respectively, in the vadose zone (Fig. 13(b)). The similar
water-content change of the D and E profiles further
indicates that the released excess gas caused by the
earthquake may be the reason for the WNLPA site’s
change in resistivity.

Conclusions

To examine the influence of fault activities on the
subsurface resistivity, we conducted a three-phase study
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Figure 12. The relationships between the water content
and the measured resistivity for the mud samples collected
at the area adjacent to the WNLPA site.

at the Wushanting Natural Landscape Preservation
Area site. In the first phase, we attempted to establish a
geological model by conducting resistivity imaging
surveys. Two isolated conductive regions were identified
at a depth greater than 4-m below the surface. The
positions of the conductive regions are correlated to
the two mud volcano craters at the surface. The
correlation suggests the locations of mud-fluid conduits
in the mudstone fissures. In addition, the location of
the unsaturated vadose zone is less than 4-m from
the surface at the WNLPA site, and the thickness of the
vadose zone decreases from the southeast corner to the
northwestern part of the WNLPA.

To examine the range of short-term resistivity
variation, we conducted hourly and daily measurements
along a fixed survey line in the second phase of the
study. The results of the hourly observations show that
most of the resistivity standard deviations were less than
1 ohm-m in the 7-hour period. The hourly observations
show no resistivity variation over 5 ohm-m during the
study period. This finding implies that the influences
from the hourly change of climate conditions were
minor during the observation period. In addition to the
hourly observation, the daily resistivity change varied
systematically within a range of 5 ohm-m at the
WNLPA site. Therefore, it appears that we can identify
the long-term changes in resistivity on the basis of the
short-term variations if the resistivity difference relative
to the daily background is greater than 5 ohm-m.

In the third phase, we tried to evaluate whether or
not the long-term resistivity variations were correlated
to the local tectonic activities. During the period, the
major changes of resistivity were located between the
surface and a depth of 3 m. On December 26, 2006,
doublet earthquakes occurred offshore near the town of
Hengchun in Pingtung, about 120 km southwest from
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Figure 13. (a) Variation of the maximum resistivity of
both the D line and the E line during the observation
period. (b) Variation of the estimated water content of
both the D line and the E line during the observation
period.

the monitoring site. The Pingtung earthquake provided
us a perfect opportunity to evaluate any change in the
study area’s resistivity. After the Pingtung earthquake,
the maximum resistivity anomaly increased to 7 ohm-m
and 20 ohm-m on two survey lines (D and E, re-
spectively). The estimated water content decreased by
7% and 10% in the vadose zone on the D and E profiles
after the earthquake. The similar water content change
suggests that the released excess gas caused by the
earthquake may be the reason for the decreased water
content and, thus, for the increased resistivity in the
vadose zone at the WNLPA site. From the results of our
study, we observed that the tectonic activities may have
significant influences on the vadose zone at the WNLPA
site. It is reasonable to expect that the pressure wave
may induce the release of a gas-saturated liquid from the
saturated zone and, thus, cause the decreased water
content in the vadose zone. This finding suggests that
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well-controlled resistivity imaging in the vadose zone
may provide researchers a useful and economical tool
with which they can evaluate the potential and the
actual effects of tectonic activities. Currently, we are
continuing our resistivity monitoring surveys and hope
to provide more data for evaluating the relationships
between released gas volume and tectonic activities.
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Success with Geophysics: Integrated Geophysical Investigation

INTEGRATED GEOPHYSICAL INVESTIGATION FOR THE
VULNERABILITY ASSESSMENT OF EARTHEN LEVEE

Tomio INAZAKI, Public Works Research Institute, Tsukuba, JAPAN

Abstract

Integrated geophysical investigation was undertaken to assess the vulnerability of earthen levees
to flooding and earthquake. The tested geophysical methods involved multi-channel surface wave
dispersion measurement (MASW), capacitively coupled (CC) resistivity measurement, multi-frequency
electromagnetic (EM) survey, and high-resolution seismic reflection survey using S-wave type Land
Streamer. Because these methods required no fixing of sensors on the levee surface, high performance
on field measurement work could be accomplished. The CC resistivity as well as EM survey
successfully reconstructed resistivity profiles along levees, and delineated anomalously high or low
resistivity zones within or beneath the levee body. The MASW method mapped shear wave velocity
structures along levees, and clearly imaged relatively high or low velocity zones in the levee body.
High-resolution seismic reflection surveying delineated the layered structure in the levee and in the
underlying foundation sediments. Integrated investigations of resistivity and shear wave velocity
structure remarkably highlighted the potentially permeable zones in the levee body as high resistivities
and intermediate to low S-wave velocity areas. As a result, the geophysical methods effectively
delineated the unexpectedly heterogeneous structure in the body of the levee, and the comprehensive
investigation approach is shown to be helpful for the vulnerability assessment of levees through
interpreting geophysical anomaly identified by means of integrated surveying.

Introduction

As a symbol of civilization, levee is one of the oldest man-made structures to protect farm lands
and habitation areas from inundation by flood waters or to confine the stream flow to its regular channel.
Actually, flood control through levee formation is still a high priority issue even for developed nations,
as exemplified by the Hurricane Katrina disaster in 2005; or the Typhoon Tokage disaster, which struck
the Japanese Islands in October 2004 with heavy rainfall and strong winds and caused 819 casualties
along with about US$ 7.2 billion in economic loss.

Because most earthen levees have been repeatedly mounded and repaired for many years, their
internal structure is generally inhomogeneous both in a lateral and a longitudinal direction in spite of
their similar appearance as shown in Fig. 1. It can be easily imagined that the inhomogeneous structure
would lead to the increase in failure potential of the levee body when attacked by flooding or by a strong
earthquake. For instance, a part where earth materials were loosely stacked on an old body might have a
potential risk of slipping at the boundary during an earthquake. Seepage potential may increase at the
part where a new conduit or a box culvert was laid and backfilled after the open-cut due to uneven
compaction of fill materials and resultant cavity initiation and growth adjacent the conduit.

Underlying layers also affect the stability of levee systems. For the case where the levee is built
over buried stream channel segments, the paleo-channel deposits are usually soft and characterized as
interbeds of sand and clay. Owing to their weak elastic properties and heterogeneity of permeability, the
embankment over channel fill deposits has a potential of seepage and settlement. Irregular shape of
buried topography under the alluvial plain would also cause the differential settlement of levee body.

R
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Hence, it is very important to clarify the internal structure of levee body and underlying ground
structure and to characterize their geotechnical properties for the vulnerability assessment of levee
systems. Aerial photo analysis is helpful to map the old river system including paleo-channels, natural
levees, point bars, and flood basins. However, it becomes difficult to identify such old river systems by
means of aerial photo analysis with the formation age. Visual monitoring of levee surface and check
drilling in spots has been a
standard way for the safety
investigation of levee in Japan.
However these are incompetent
for the evaluation of
heterogeneous internal structure
of levees. It has been therefore
required to develop an effective,
inexpensive and easy-to-apply
field survey method which
enables to delineate the internal
structure of levee body and
underlying layers continuously.

Geophysical methods are Figurel. A photo showing stacked structure in a levee body
expected to play an important role revealed at an open cut site.
in levee assessments. The
physical properties provided by
the various geophysical methods
should be translated to practical
criteria for judging levee safety.
We started a comprehensive
research project to develop
effective geophysical methods for
levee survey, and established the
following three phases: Phase I
objective is to develop continuous
2-D  imaging techniques for
identifying anomalies along the
levee; the Phase II objective is to
develop an approach for detailed
investigations ~ of  anomalies
identified in Phase I; and Phase III
will directly investigate physical
properties within the anomalous
areas for the ground truth. As a
part of Phase 1 research, we
conducted field measurements of
integrated geophysical surveying
on ecarthen levees in Kanto Plain,
central Japan (Fig. 2), and Figure 2. Map showing test sites. Integrated geophysical surveys

successfully  delineated  the were conducted on earthen levees along Edo and
internal structural heterogeneity in Kokai River, both are the branches of Tone River which
the levees as described below. flows through the Kanto Plain, central Japan.
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Outline of geophysical methods applied to levee survey

The focused geophysical methods in  Taple 1. Listof geophysical methods applied to

our study were the seismic and resistivity levee survey
methods. It was because of the well known
relationship between shear wave velocities and Method Equipment Property Depths
soil stiffness, and between resistivity and soil MASW Land Streamer Vs > 20m
permeability through grain size characteristics. CC Resistivity OhmMapper  Resistivity > 15m
We tested the geophysical survey methods as EM GEM-2 Conductivity > 10m
listed in Table 1. The tested methods consisted . ,

Seismic Reflection Land Streamer Vs > 50m

of multi-channel surface wave dispersion
measurement (MASW), capacitively
coupled (CC) resistivity measurement, multi-
frequency electromagnetic (EM) survey, high-resolution seismic reflection survey using S-wave type
Land Streamer, and conventional direct current (DC) resistivity survey. These methods were reviewed
from the following viewpoints: (1) the method should be a non-destructive technique which does not
cause any damage to levee; (2) the method provides a physical property helpful to evaluate the safety of
levee; (3) the method should be a near-surface survey technique which can image shallow depths up to
20 m; (4) the method should have enough resolution to identify an anomaly as small as 10 meters; (5)
the method provides a continuous profile along levee at affordable costs and high performance field
work; and (6) the method should be technically transparent and open to be widely applied in levee
survey.

MASW method has been widely utilized to image near surface S-wave structure. Making use of
Land Streamer tool (Inazaki, 1999), we could speed up the field performance of MASW survey
(Hayashi, et al., 2003). In addition, a cross-correlation analysis (Hayashi & Suzuki, 2004) to common
midpoint (CMP) gather data is effective to enhance the lateral resolution. We tested the method to
determine if it had sufficient resolution and imaging depths.

Conventional DC resistivity surveys require planting electrode stakes into the ground, which is
time-consuming and cumbersome work in the field. Recently, a new idea, which makes the transmitter
and receiver to capacitively couple to the ground without planting galvanic electrodes, was proposed
(Timofeev, et al., 1994) and became commercially available as OhmMapper. Figure 3 shows a
schematic diagram of the OhmMapper. A simple coaxial-cable array with transmitter and receiver
sections is pulled along the ground either by a single person or attached to a small vehicle. Because a
dataset is collected in a limited dipole-dipole configuration, the depth of investigation is varied by
changing the separation between the transmitter and receivers or the length of dipole cables. Usually,
multi-round survey is conducted along a line to acquire data enough to delineate the levee body. It is
known that the CC resistivity method provides poor signals in an area where the near surface is

DC Resistivity Steel Stake Resistivity >20m

Non-conductive

Optical Coupler Non-conductive

Rope
Receiver 3 Receiver 2 Receiver 1 / Transmitter
Dipole Cable Dipole Cable Dipole Cable

Figure 3. Schematic illustration of the OhmMapper tool.
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conductive. It may be hard to image the internal structure of levees in case of high water or very wet
condition. So we tested the method whether it was applicable to earthen levee by comparing it with the
conventional DC resistivity survey results.

Electromagnetic (EM) methods have been commonly used to locate buried metal objects. Multi-
frequency EM method generates sinusoidal electromagnetic signals from a few hundred Hz to above 20
kHz. Currents are induced in the ground at different depths as a function of the frequency. These
currents then generate a secondary electromagnetic field, which is detected by the receiver coil after
removing the influence of the primary field. We tested the GEM-2 (Huang & Won, 2003) as the EM tool
for the continuous levee survey in the viewpoints of field performance, S/N, and mapping depths.

High resolution S-wave reflection method using Land Streamer tool was tested on levees to
image internal structure of levee body and underlying layers. Although the tool can speed field work and
provide a detailed image of near surface in contrast to those adopted in conventional shallow seismic
reflection survey, the method might still have a problem on the performance or cost effectiveness to
delineate the levee body. Then we conducted ultra-shallow reflection surveying using the short-spacing
type Land Streamer (Inazaki, 2002) to test its applicability to the assessment of levee systems.

Integrated geophysical surveying on earthen levees

We have been conducting field measurements of integrated geophysical surveying on earthen
levees at three sites, and successfully delineated the internal
structural heterogeneity of the levees. The results at two sites
positioned in Fig. 2 are presented below.

Kokai 34L Site

Figure 4 shows the survey line set on earthen levee
along the left side of Kokai River, a branch of Tone River,
about 34 km upstream from the confluence. Kokai River flows
southward through the eastern margin of Kanto Plain, and
forms narrow alluvial lowland about 1 to 5 km in width along
the river (Fig.2). Although it is as short as 112 km in length
and the major part of its watershed is composed of plains, the
river has been frequently overflowed. Indeed, the bank at
opposite side of the surveyed site had broken in 1986. The
flooding, started as seepage adjacent of a sluiceway, was
followed by levee failure, and finally caused the inundation of
farm land and habitation areas about 4,300 ha. The
investigated levee is basically along the present channel,
straightened through repeated improvements over the years,
and crosses over abandoned channels at 35.0 and 34.2 km.
There remains a small oxbow lake in the landside.

We set two major lines on the levee top;
Kokai 321100 and Kokai 34L100, length of the line was 1.6 e -
km, and 1.9 km respectively. MASW and CC resistivity R,
survey were conducted along the lines. In addition, multi- B A
frequency EM, and shallow seismic reflection survey using  Figure 4. Map showing the survey
Land Streamer were carried out along Kokai 34L100 line.
Multi-channel GPR survey was also conducted along the line
by other party (Yokota, et al., 2006). Furthermore we

lines set on earthen levee

along Kokai River, about

10 km west to PWRI.
R
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Figure 5. Comparison of survey profiles along Kokai 32L.100 line. (a): Resistivity profile inverted
from OhmMapper data. (b): S-wave velocity profile calculated from MASW survey data.
Uppermost part down to 4 to 5 m deep corresponds to the levee body.

conducted ultra-shallow seismic reflection surveys using short-spacing type Land Streamer at the parts
of Kokai 34L100 line.

Figure 5 compares the survey results along Kokai 32L line, from 31.9 to 33.5 km. Because the
line was set on the levee crest, uppermost part down to 4 to 5 m deep corresponds to the levee body. As
shown, the profiles clearly discriminate the levee body from underlying layers. The body is
characterized as relatively high resistivity and low Vs zone. Note that the levee body shows high
resistivity at the right half, which may indicate the difference in mounded periods or the filled materials.
This is supported by a remark that the resistivity of levee body is lowered at the marked portions where
ramps are connected to the levee embankment. It took only half a day by 3 crewmembers for the
OhmMapper measurement, and the coverage speed of MASW measurement reached 800 m per day by 4
crewmembers at 2 m move-up condition.

The major survey profiles along Kokai 34L100 line are lined up in Figure 6. Figure 6(a) shows
the response curves of quadrature components for 7 frequencies measured by means of GEM-2.
Concave patterns at 34.4 and 35.3 km resulted from high-resistivity anomalies at the near surface. A
surge superposed on the curve at 35.5 km is induced by the crossing over power lines. Generally, EM
survey tends to be influenced by noises from the adjacent electric power line or such conductive objects
as poles, manhole lids. In contrast, the survey speed is very high owing to the easiness of tool operation.
Actually, it took only 2 hours for hand carry measurement to the line. Figure 6(b) is a resistivity profile
along the line calculated from the OhmMapper data. Near surface part shallower than 6 m shows usually
high resistivity, is interpreted as the levee body. Low resistivity zone below 6 m is correlated to the
underlying alluvial sediments. Note that a portion younger than 34.1 km in distance shows relatively low
resistivity even at the near surface. The line at the portion was on a river terrace and the near surface
consists of clayey sediments of Pleistocene. The resistivity profile clearly distinguished the levee body
from the natural ground. Another interest is the high resistivity anomalies identified in the near surface
levee body at 34.4 and 35.3 km. These anomalies, occur also in high frequency curves in (a), may result
from coarse sand parts or high permeable zones. Moreover, multi-channel GPR survey detected trough
like structures in the levee body at the same portions. Figure 6(c) shows a shear wave velocity profile for
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Figure 6. Comparison of survey profiles along Kokai_34L100 line. (a): Line plot of quadrature response

for 7 frequencies measured using GEM-2. (b): Resistivity profile inverted from the data
measured by means of OhmMapper. (¢): S-wave velocity profile calculated from MASW data.

(d): Stacked depth section reconstructed from the data of S-wave reflection survey using
Land Streamer.

MASW data. The S-wave velocities at the uppermost part of the levee are about 140 m/s, which are
moderate values as the levee materials. Compared with resistivity profile, S-wave velocities do not vary
at the high-resistivity anomalies, which strongly indicate the anomalies are not due to abandoned or
buried concrete blocks but due to unsaturated coarse grained materials. Profiles of high-resolution
seismic reflection surveys making use of S-wave Land Streamer are shown in Fig, 6(d). The profiles
clearly delineated the bottom of alluvial soft sediments at about 20 m in depth. The imaging depths of
reflection survey may too deep for the levee assessment, but note that the profile identified a buried

channel at 35.2 km where the levee just pass over an abandoned channel. This irregular structure in the
bearing layers may lead to uneven settlement of levee system.

Edo_58L site

Figure 7 shows Edo 58L site where a survey line was set on an earthen levee along the left side
of Edo River. The Edo River branches off from Tone River at the survey site, and flows into Tokyo Bay
through the Tokyo Metropolitan area (Fig.2). Edo River, as shown in its name, was extensively
improved in Edo Era about 400 years ago to develop navigation network around the capital city Edo as
well as to prevent the city area from flooding. Because the stream at the site had been excavated as a
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shortcut across original meandering channels, abandoned channels or fragments of old bank were

estimated to be buried beneath the present levee.

A resistivity profile and an S-wave velocity profile along
the line are shown in Figure 8, determined from the OhmMapper
and MASW data, respectively. As clearly shown, a high
resistivity anomaly was delineated at the portion from 57.8 to
58.4 km, whereas the S-wave velocities at the anomaly were not
so high. The high resistivity anomaly is characterized that it
occurs in the underlying layers and can be traced at least 10 m in
depth. This is distinctly different from that of Kokai 34L site.
The mode of occurrence of the anomaly strongly suggests it is a
remnant of an old town which had been covered by the levee
system about 40 years ago. The levee body, corresponds to the
top 5 m, is featured as relatively low resistivity and low Vs in the
profile.

Conclusions

Integrated geophysical surveys were conducted on earthen
levees to establish the helpful geophysical methods for levee
safety assessment. We chose the following three methods, namely,
MASW, CC resistivity, and multi-frequency EM, because of their
high field performance along with advantages to provide useful
geophysical properties, resistivity and shear wave velocity, for the
vulnerability assessment of levee systems. It is well known that
shear wave velocities has close relation with soil stiffness, and
resistivity with soil permeability through grain size characteristics.

We tested above methods at two sites. As a result, we
could verify the advantages of field work, resultant cost

Figure 7.Map showing Edo 58L
site along the left side
levee of Edo River, about
50 km north to Tokyo.

- Resistivi
{C-m Y

Figure 8. A resistivity (a) and S-wave velocity (b) profile along the levee at Edo_58L site. A high
resistivity anomaly was delineated at the portion from 57.8 to 58.4 km, whereas the S-wave
velocities at the anomaly were not so high. The upstream part of the line (59.2 to 59.7 km)
showed relatively low resistivity and relatively low S-wave velocity.
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effectiveness, and detection capability of anomaly. Actually, CC resistivity and multi-frequency EM
surveys showed high coverage speed about 2 km per half a day only by one or two crewmembers.
Coverage speed for MASW survey was about 800 m per day by 4 crewmembers. We could easily
discriminate levee body with underlying sediments in the profiles provided by these surveys, and
successfully identify anomaly structure in and beneath levees. Because the size of our target anomaly is
several 10 meters to several 100 meters, it is needful to set the survey line at least 1 km along levee. In
conclusion, combination measurement of CC resistivity or multi-frequency EM method with MASW
method is recommended for the assessment of failure potential of levee. The geophysical properties
obtained by these measurements, resistivity and shear wave velocity, is essential to interpret levee body
materials, and to evaluate the permeability and stiffness of levee body.
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Geophysical Instrumentation
for Engineering
and the Environment

Electromagnetic (EM) geophysical methods provide a simple,
non-destructive means of investigating the subsurface for an
understanding of both natural geologic features and man-
made hazards, including bedrock fractures, groundwater
contamination, buried waste and buried metal.

An advance knowledge of subsurface
conditions and associated hazard potential allows for the
design of remediation and monitoring programs that are

more efficient and, as a result, more cost-effective.

Simple and non-destructive. Efficient and cost-effective.
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FastTIMES presents articles about commercial products for use in near geophysics investigations. Corporate sponsors are
invited to send the editors descriptions of new products for possible inclusion in future issues.

Pile Dynamics, Inc. develops breakthrough test for concrete

foundations in partnership with FGE
Gina Beim, Pile Dynamics, Cleveland, OH (www.pile.com)

A new solution for integrity evaluation of concrete foundations has been developed by the Pile Dynam-
ics (PDI) - Foundation & Geotechnical Engineering, LLC (FGE) partnership: the Thermal Integrity
Profiler (TIP).

TIP uses the heat generated by curing cement
(hydration energy) to assess the quality of cast
in place concrete foundations such as drilled
shafts, bored piles, augered cast-in-place, con-
tinuous flight auger piles and drilled displacement
piles. Because temperatures within the concrete
foundation are dependent on its diameter and
distance to the center of the shaft, TIP measure-
ments may be used to estimate the actual shape
of the shaft including the previously difficult to
determine thickness of concrete cover.

The Thermal Integrity Profiler, which is based on
research conducted at the University of South
Florida and originally implemented by FGE, is attractive in that it assesses the concrete quality of the
entire cross-section and along the entire length of the foundation. Another major advantage of the TIP
is its early testing time; test results are available as early as 12 hours after concrete is poured, allowing
construction to continue.

The TIP is available in two types of thermal data acquisition systems: either with an infrared probe that
is inserted in Crosshole Sonic Logging-type access tubes, or with thermal wires™ that are attached to
the reinforcement cage prior to concreting. Either way, data is collected by Thermal Acquisition Ports,
transferred to the TIP, and downloaded to a computer for further analysis and result presentation by the
Thermal Analysis Reporter software.

In addition to the Thermal Integrity Profiler, Pile Dynamics produces several other quality assurance
and quality control products for the deep foundations industry. Its products are recognized throughout
the world as the ultimate solutions for testing and monitoring of deep foundations. The company is
based in Cleveland OH and has commercial representatives worldwide.

FGE — Foundation and Geotechnical Engineering LLC — is based in Plant City, FL and specializes in
deep foundation design, capacity enhancement, rehabilitation/remediation and quality assurance/veri-
fication testing.

For more information on the Thermal Integrity Profiler visit www.pile.com/pdi/products/TIP.
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Opportuniticy,

SERDP & ESTCP to Host Annual Technical Symposium & Workshop
November 29 — December 1, 2011

The Strategic Environmental Research and Development Program (SERDP) and the Environmental
Security Technology Certification Program (ESTCP) will hold the annual Partners in Environmental
Technology Technical Symposium & Workshop, “Meeting DoD’s Environmental Challenges,” at the
Washington Hilton in Washington, D.C. This nationally recognized conference focuses on the Depart-
ment of Defense’s (DoD) priority environmental issues. The approximately 1,200 attendees span the
military Services; academic and research institutions; private sector technology and environmental
firms; and Federal, state, and local regulatory and policy making organizations.

This year’s Symposium & Workshop will offer a dynamic opening Plenary Session, 15 technical ses-
sions, four short courses, and more than 450 technical poster presentations, and exhibitors from fund-
ing and partnering organizations. Technical sessions will highlight research and innovative technologies
that assist DoD in addressing increasingly complex environmental and mission sustainability challeng-
es. Short courses on select technologies and alternative approaches in the environmental restoration
and munitions response areas will offer unique training on recent advances in science and technology.

Technical Sessions: This year’s technical program offers sessions on the topics below.
* Energy Management and Technologies for DoD Buildings

* Renewable Energy on DoD Installations

* Microgrids for Energy Security on DoD Installations

+ Challenges to Military Readiness Posed by Climate Change

» Pacific Island Restoration Challenges

* Role of Fire in the Carbon Cycle under Climate Change

* Incorporating Innovative Technologies to Meet DoD Restoration Goals from Remedy in Place to
Response Complete

« Environmental Molecular Diagnostic Tools: Innovations and Applications

« Improving Our Understanding of the Impact of Contaminants Stored in Low Permeability Zones
+ Best Management Practices for Controlling Munitions Constituents on Operational Ranges

» Classification Applied to Munitions Response — Development

» Classification Applied to Munitions Response — Production Applications

* National and International Regulatory Impacts on DoD Operations: Refining the Goals of DoD’s
Strategic Plan for ‘REACH’

* Next Generation Energetic Materials — Striking a Balance between Performance, Insensitivity, and
Environmental Sustainability

* Impact of Particulate Emissions from Gas Turbine Powered Aircraft
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Short Courses: Four short courses will be offered for which Professional Development Hours will be
available! Attendance for these courses will be limited, and space will be available on a first-come first-
serve basis. Therefore, registration for each short course will be required for you to attend. Below are
this year’s short courses.

« Estimating DNAPL Source Zone Natural Attenuation
« Thermal Treatment Technologies: Lessons Learned
» Implementing Classification on a Munitions Response Project

* Field Methods to Distinguish between Vapor Intrusion and Indoor Sources of VOCs

For additional information, please visit www.serdp-estcp.org/symposium, send an e-mail to partners@
hgl.com, or call the Symposium Contact Line at (703) 736-4548.

Seismographs
The GPR
R.T. Clark Geophones
: Mags
Companies Inc. Cablos
Resistivity
Loggers
EM & More!!!
Web: rtclark.com Email: rtclark@rtclark.com
Tele: 405-751-9696 Fax: 405-751-6711
P.O.Box 20957, Oklahoma City, Oklahoma 73157 USA
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The EEGS / Geonics Early Career Award
Nomination Deadline — October 29, 2011

The Environmental and Engineering Geophysical Society and Geonics Limited are pleased to announce
that nominations are now open for the 2012 EEGS / Geonics Early Career Award, which acknowledges
academic excellence and encourages research in near-surface geophysics. The award is presented
annually at SAGEEP to a full-time university faculty member who, by the nomination deadline is:

« fewer than five years beyond the starting date of his or her current academic appointment;
« within ten years post-completion of his or her PhD.

The award acknowledges significant and ongoing contributions to the discipline of environmental and
engineering geophysics. The recipient may have any specialty that is recognized as part of the environ-
mental and engineering geophysics discipline. This specialty is not restricted to departments, colleges,
or geographic regions (international applicants are welcome). A committee of four or five members (two
or three university faculty, one corporate or consulting representative, and one government laboratory
representative), appointed by the EEGS Board, is responsible for selecting the awardee.

The award carries the following benefits:

* Free registration to the SAGEEP conference at which the award will be presented
* Aplaque, suitable for display

« A $1000 cash award

* A 30-minute time slot to present the awardee’s research and vision at SAGEEP

+ The citation and, if available, the awardee’s presentation, is published in FastTIMES and distributed
to cooperating societies

The awardee will be expected to be present during the technical core of SAGEEP 2012 in Tuscson,
Arizona. Nominations should be sent electronically to:

Dr. Jonathan Nyquist

Chair of the Early Career Award Committee
Temple University

1901 N 13th Street, Philadelphia, PA 19122-6081
Phone: 215-204-7484

nyg@temple.edu

Nomination packages must include:
* A comprehensive vitae for the candidate
* Aletter of recommendation outlining the candidate’s qualifications for the award

» Copies or pdf files of three representative publications

ﬁ 53

FastTIMES v. 16, no. 3, September 2011



www.eegs.org

Opportunities

Call for Papers: Special Issues in EAGE journal of Near Surface
Geophysics and EEGS Journal of Environmental and Engineering
Geophysics (JEEG)

Deadline for submission of abstracts: 15 October 2011

The past decade has seen a distinct change in the way geophysical methods are utilized to investigate
geotechnical and geoenvironmental issues. Advances in instrumentation design, computer hardware
and data processing software have all contributed to the development of novel and highly sophisticated
geophysical techniques. In response to this rapid and exciting expansion of research, the Journal of
Environmental and Engineering Geophysics and Near Surface Geophysics are producing a collabora-
tive ‘Special Issue on Geotechnical Assessment and Geoenvironmental Engineering’ to showcase the
state-of-the-art and the most pertinent research currently underway in the discipline.

This special issue is a joint venture of the European Association of Geoscientists and Engineers (EAGE),
the publisher of Near Surface Geophysics and the Environmental & Engineering Geophysical Society
(EEGS), the publisher of the Journal of Environmental and Engineering Geophysics, to promote and
enhance communication between international research communities and ensure the widespread, ef-
fective dissemination of the latest work and results. To that end, online access of this issue will be made
available to all EAGE NSGD and EEGS members.

We invite papers reporting on:

* Novel measurement, assessment and monitoring techniques

* Application of new and emerging geophysical methods

* Innovative data processing and visualization techniques

* Modelling and inversion of geophysical data

+ Integrated geophysical imaging and characterization approaches
» Geophysical estimation of engineering parameters

* Novel and interesting case histories

Subjects can be related, but not limited, to the following topics: site and geomaterials characterization
(including non-destructive testing of concrete), soil and rock erosion, slope stability, liquefaction poten-
tial, infrastructure assessment, urban planning, foundations, subsidence, collapse, compressible soils,
organic soils, landfills, buried waste, contaminated soil deposits, obstructions, unknown conditions,
undetected utilities, pseudo-karst features (utilities, tunnels and abandoned mines), sinkholes, caves,
groundwater, detection and mitigation of leakage in dams, earthquake hazard mitigation, earthquake
ground motion prediction, bridge scour, highways and road construction, deep mine geology and ore-
body delineation, ground control, archaeological and historical sites.

For more information please visit: http./www.eegs.org/PublicationsMerchandise/JEEG.aspx

ﬂ 54

FastTIMES v. 16, no. 3, September 2011



www.eegs.org

_ A F [Aduanced
I Geosciences, Inc.

Resistivity Imaging Systems and Earthimager™ Inversion Software

PR
-

» Rentals . Training -0.0 o e
« Sales * Repair 1100
* Tech support * Data z

We offer complete imaging systems to
perform remote monitoring, VES,
Archelogical, Geotechnical, Geophysical,
Geological and Mining surveys.

Our products: SuperSting™ and MiniSting™

resistivity instruments, Earthimager™ 1D, S

2D, 3D and 4D inversion modeling software. _%p :
Ressstwﬂy

Y5 Andine Aefvusmoeed
Eﬁ“ ri ,r.:'if.'m‘.:'f-. Eurepe, 81, Ei (s Jlrl i i |mag|ng

EUROPEAN OFFICE: MAIN OFFICE: System
Advanced Geosciences Europe, 5.L.  Advanced Geosciences, Inc.

Calle del Siroco 32, 2121 Geoscience Dr.

28042 Madrid, Spain Austin, Texas TET26 USA

Teléfono:  +34 913 056 477 Tel: +1 512 335 3338

Fax: +34 911 311 783 Fa: +1 512 258 9958

Email: age{@agiusa.com Email: agif@agiusa.com

Web:; WWw.agiusa.com Waeb: WWW.agiusa.com

K.D. Jones

Insrument Corporation

Geophysieal Equipment Rentats

Geonics EM31-SH Sensors & Software
With GPS ¢ Electromagnetic Instruments Noggin 250
* Global Positioning Systems A complete GPR system
¢ Ground Penetrating Radar in a single package
* Magnetometers
¢« Pipe and Cable Locators
e Seismographs & Accessories
e Resistivity/IP
¢« Software

Super Sting R8/IP

K. D. Jones Instrument Corporation
2930 Burns Lane

MNormangee, TX 77871

888-396-9291

More information on applications and
instruments available on our web site

www.kdjonesinstruments.com

FastTIMES v. 16, no. 3, September 2011 g E



www.eegs.org
http://www.kdjonesinstruments.com
www.agiusa.com

Cenming Greny

FastTIMES highlights upcoming events of interest to the near-surface community. Send your submissions to the editors for
possible inclusion in the next issue.

.] The 10th SEGJ International Symposium

\V Imaging and Interpretation

November 20-23, 2011, Kyoto, Japan

The Society of Exploration Geophysicists of Japan (SEGJ) observes its vicennial anniversary in Kyoto
at the Centennial Memorial Hall of Kyoto University. Under the theme “Imaging and interpretation”, the
Symposium’s technical program presents the latest scientific and technological advances related to a
broad range of geophysical applications that are used to better understand and model invisible under-
ground structures and processes in various environmental and engineering investigations. For more
information, please visit the symposium website (http./www.segj.org/is/10th) or contact Professor Hi-
toshi Mikada, General Chair at segj10th@segj.org.

SAGEEP 2012 - 25th Anniversary
March 25-29, 2012, Tucson, Arizona

For SAGEEP’s 25th anniversary, we have chosen a very special destination for our sympo-
sium: Tucson, Arizona. This is the first time ever that SAGEEP has visited the southwest. Our
host hotel, the Hilton El Conquistador, is a AAA Four Diamond resort, full of all the charm and fla-
vor of the desert southwest. Nestled directly in the breathtaking foothills of the Santa Cata-
lina mountains, the luxurious ElI Conquistador boasts 500 acres of untouched Sonoran Des-
ert terrain, unparalled views of the mountains by day and world class stargazing at night. Plus,
Tucson’s colorful history and vibrant culture mean incredible excursions and day trips are just steps
away. Please visit http./www.eegs.org/AnnualMeetingSAGEEP/SAGEEP2012.aspx for more informa-
tion and to find out how to register!.

Don’t miss the opportunity to mark SAGEEP’s 25th anniversary in an unforgettable setting!

FastTIMES v. 16, no. 3, September 2011
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to the complete Journal of Environmental and Engineering Geophysics e  Preferential registration fees for SAGEEP
(JEEG) and proceedings archives of the Symposium on the Application of e Networking and continued communication on
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Membership Printed
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FOUNDATION CONTRIBUTIONS

FOUNDERS FUND
THE FOUNDERS FUND HAS BEEN ESTABLISHED TO SUPPORT COSTS ASSOCIATED WITH THE ESTABLISHMENT AND MAINTENANCE OF THE

EEGS FOUNDATION AS WE SOLICIT SUPPORT FROM LARGER SPONSORS. THESE WILL SUPPORT BUSINESS OFFICE EXPENSES, NECESSARY
TRAVEL, AND SIMILAR EXPENSES. IT IS EXPECTED THAT THE OPERATING CAPITAL FOR THE FOUNDATION WILL EVENTUALLY BE DERIVED
FROM OUTSIDE SOURCES, BUT THE FOUNDER'S FUND WILL PROVIDE AN OPERATION BUDGET TO “JUMP START” THE WORK. DONATIONS
OF $50.00 OR MORE ARE GREATLY APRECIATED. FOR ADDITIONAL INFORMATION ABOUT THE EEGS FOUNDATION (AN IRS STATUS 501
(c)(3) TAX EXEMPT PUBLIC CHARITY), VISIT THE WEBSITE HTTP://WWW.EEGS.ORG AND CLICK ON MEMBERSHIP, THEN “FOUNDATION
INFORMATION”. YOU MAY ALSO ACCESS THE EEGS FOUNDATION AT HTTP://WWW.EEGSFOUNDATION.ORG.

FOUNDATION FUND TOTAL:

STUDENT SUPPORT ENDOWMENT

THIS ENDOWED FUND WILL BE USED TO SUPPORT TRAVEL AND REDUCED MEMBERSHIP FEES SO THAT WE CAN ATTRACT GREATER
INVOLVEMENT FROM OUR STUDENT MEMBERS. STUDENT MEMBERS ARE THE LIFEBLOOD OF OUR SOCIETY, AND OUR SUPPORT CAN LEAD TO
A LFETIME OF INVOLVEMENT AND LEADERSHIP IN THE NEAR SURFACE GEOPHYSICS COMMUNITY. DONATIONS OF $50.00 OR MORE ARE
GREATLY APRECIATED. FOR ADDITIONAL INFORMATION ABOUT THE EEGS FOUNDATION (A TAX EXEMPT PUBLIC CHARITY), VISIT OUR
WEBSITE AT WWW.EEGS.ORG AND CLICK ON MEMBERSHIP, THEN “FOUNDATION INFORMATION”. YOU MAY ALSO ACCESS THE EEGS
FOUNDATION AT HTTP://WWW.EEGSFOUNDATION.ORG.

STUDENT SUPPORT ENDOWMENT TOTAL:

CORPORATE CONTRIBUTIONS

THE EEGS FOUNDATION IS DESIGNED TO SOLICIT SUPPORT FROM INDIVUDALS AND CORPORATE ENTITIES THAT ARE NOT CURRENTLY
CORPORATE MEMBERS (AS LISTED ABOVE). WE RECOGNIZE THAT MOST OF OUR CORPORATE MEMBERS ARE SMALL BUSINESSES WITH
LIMITED RESOURCES, AND THAT THEIR CONTRIBUTIONS TO PROFESSIONAL SOCIETIES ARE DISTRIBUTED AMONG SEVERAL ORGANIZATIONS.
THE CORPORATE FOUNDER’S FUND HAS BEEN DEVELOPED TO ALLOW OUR CORPORATE MEMBERS TO SUPPORT THE ESTABLISHMENT OF THE
FOUNDATION AS WE SOLICIT SUPPORT FROM NEW CONTRIBUTORS. AS SUCH, CORPOATE FOUNDERS RECEIVED SPECIAL RECOGNITION FOR
DONATIONS EXCEEDING $2500 MADE BEFORE MAY 31, 2010. THESE SPONSORS WILL BE ACKOWLEDGED IN A FORM THAT MAY BE POSTED
AT THEIR SAGEEP BOOTH FOR YEARS TO COME, SO THAT INDIVIDUAL MEMBERS CAN EXPRESS THEIR GRATITUDE FOR THE SUPPORT.

CORPORATE CONTRIBUTION TOTAL: $
FOUNDATION TOTAL: $

PAYMENT INFORMATION SUBTOTALS:

MEMBERSHIP: $

FOUNDATION CONTRIBUTIONS: $
GRAND TOTAL: $

o CHECK/MONEY ORDER o VISA o MASTERCARD o AMEX o Discover

CARD NUMBER Exp. DATE

NAME oN CARD

SIGNATURE

MAKE YOUR CHECK OR MONEY ORDER IN US DOLLARS PAYABLE TO: EEGS. CHECKS FROM CANADIAN BANK ACCOUNTS MUST BE DRAWN ON BANKS WITH US AFFILIATIONS
(EXAMPLE: CHECKS FROM CANADIAN CREDIT SUISSE BANKS ARE PAYABLE THROUGH CREDIT SUISSE NEW YORK, USA). CHECKS MUST BE DRAWN ON US BANKS.

PAYMENTS ARE NOT TAX DEDUCTIBLE AS CHARITABLE CONTRIBUTIONS ALTHOUGH THEY MAY BE DEDUCTIBLE AS A BUSINESS EXPENSE. CONSULT YOUR TAX ADVISOR.
RETURN THIS FORM WITH PAYMENT TO: EEGS, 1720 SOUTH BELLAIRE STREET, SUITE 110, DENVER, CO 80222 USA

CREDIT CARD PAYMENTS CAN BE FAXED TO EEGS AT 011.1.303.820.3844

CNRDNRATF NIIFQ DAVMFNTS NNCF DATR ARF NNN-RFFIINNARIF - TNRTVINIIAL NIFQ ARF NON-RFFIINNARI F FYCFDT TN FAQFQ NF FYTRFMF HARNGHTD ANN WTI | RF
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Membership Renewal

Developing World Category Qualification

If you reside in one of the countries listed below, you are eligible for EEGS’s Developing World membership category
rate of $50.00 (or $100.00 if you would like the printed, quarterly Journal of Environmental & Engineering
Geophysics mailed to you—to receive a printed JEEG as a benefit of membership, select the Developing World

Printed membership category on the membership application form):

Afghanistan
Albania
Algeria
Angola
Armenia
Azerbaijan
Bangladesh
Belize
Benin
Bhutan
Bolivia
Burkina Faso
Burundi
Cambodia
Cameroon
Cape Verde
Central African Republic
Chad

China
Comoros
Congo, Dem. Rep.
Congo, Rep.
Djibouti
Ecuador
Egypt

El Salvador
Eritrea
Ethiopia
Gambia
Georgia
Ghana
Guatemala
Guinea
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Guinea-Bissau
Guyana
Haiti
Honduras
India
Indonesia
Iran

Iraq

Ivory Coast
Jordan
Kenya
Kiribati
Kosovo
Kyrgyz Republic
Lao PDR
Lesotho
Liberia
Madagascar
Malawi
Maldives
Mali
Marshall Islands
Mauritania
Micronesia
Moldova
Mongolia
Morocco
Mozambique
Myanmar
Nepal
Nicaragua
Niger
Nigeria
North Korea

&

Pakistan

Papua New Guinea
Paraguay
Philippines
Rwanda

Samoa

Sao Tome and Principe
Senegal

Sierra Leone
Solomon Islands
Somalia

Sri Lanka

Sudan
Suriname
Swaziland

Syria

Taiwan
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo

Tonga

Tunisia
Turkmenistan
Uganda

Ukraine
Uzbekistan
Vanuatu
Vietham

West Bank and Gaza
Yemen

Zambia
Zimbabwe
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Corporate Benefactor
Your Company Here!

Corporate Partner
Your Company Here!

Corporate Associate
ABEM Instrument AB
www.abem.com

Advanced Geosciences, Inc.
www.agiusa.com

Allied Associates Geophysical Ltd.

www.allied-associates.co.uk

Exploration Instruments LLC
www.expins.com

Foerster Instruments Inc.
www.foerstergroup.com

GEM Advanced Magnetometers
www.gemsys.ca

Geogiga Technology Corporation
www.geogiga.com

Geomar Software Inc.
www.geomar.com

Geometrics, Inc.
www.geometrics.com

Geonics Ltd.
WWwWWw.geonics.com

Geophysical Survey Systems, Inc.

www.geophysical.com

Geostuff / Wireless Seismic Inc.
www.georadar.com

GISCO
WWW.QiISCOQe0.com
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hydroGEOPHYSICS, Inc.
www.hydrogeophysics.com

Interpex Ltd.
www.interpex.com

MALA GeoScience
www.malags.com

Mount Sopris Instruments
www.mountsopris.com

R. T. Clark Co. Inc.
www.rtclarck.com

Scintrex
www. scintrexltd.com

Sensors & Software, Inc.
www.sensoft.ca

USGS
WWW.USQS.gov
Zonge Engineering & Research

Org., Inc.
www.zonge.com

Zonge Geosciences
WWW.zonge.com

Corporate Donor

Fugro Airborne Surveys
www.fugroairborne.com

Geomatrix Earth Science Ltd.
www.geomatrix.co.uk

Intelligent Resources, Inc.
www.rayfract.com

Northwest Geophysics
www.northwestgeophysics.com

Spotlight Geophysical Services
www. spotlightgeo.com
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EEGSIStore

1 i . . 1720 S. Bellaire Street, Suite 110

Egzlanﬂigﬁl 2011 Publications Order Form Denver, CO 80222-4303
a & . g. ALL ORDERS ARE PREPAY Phone: 303.531.7517; Fax: 303.820.3844
Geophysical Society E-mail: staff@eegs.org; Web Site: www.eegs.org

Sold To: Ship To (If different from “Sold To”:

Name: Name:

Company: Company:

Address: Address:

City/State/Zip: City/State/Zip:

Country: Phone: Country: Phone:

E-mail: Fax: E-mail: Fax:

Instructions: Please complete both pages of this order form and fax or mail the form to the EEGS office listed above. Payment must accompany the form

or materials will not be shipped. Faxing a copy of a check does not constitute payment and the order will be held until payment is received. Purchase or-

ders will be held until payment is received. If you have questions regarding any of the items, please contact the EEGS Office. Thank you for your order!

SAGEEP PROCEEDINGS Member/Non-Member

0029 2010 (CD-ROM) **NEW** | $75 $100 0016 2004 (CD-ROM) $75 $100
0026 2009 (CD-ROM) $75 $100 0015 2003 (CD-ROM) $75 $100
0025 2008 (CD-ROM) $75 $100 0014 2002 (CD-ROM) $75 $100
0023 2007 (CD-ROM) $75 $100 0013 2001 (CD-ROM) $75 $100
0020 2006 (CD-ROM) $75 $100 0012 1988-2000 (CD-ROM) $150 $225
0018 2005 (CD-ROM) $75 $100

SUBTOTAL—PROCEEDINGS ORDERED:

SAGEEP Short Course Handbooks
0027 | Principles and Applications of Seismic Refraction Tomography (Printed Course Notes & CD-ROM) - William Doll $125 |$150

0028 | Principles and Applications of Seismic Refraction Tomography (CD-ROM including PDF format Course Notes) - William Doll $70 $90

0007 [ 2002 - UXO 101 - An Introduction to Unexploded Ordnance - (Dwain Butler, Roger Young, William Veith) $15 $25

0009 | 2001 - Applications of Geophysics in Geotechnical and Environmental Engineering (HANDBOOK ONLY) - John Greenhouse | $25 $35

0011 2001 - Applications of Geophysics in Environmental Investigations (CD-ROM ONLY) - John Greenhouse $80 $105
0010 [ 2001- Applications of Geophysics in Geotechnical and Environmental Engineering (HANDBOOK) & Applications of $100 |$125
Geophysics in Environmental Investigations (CD-ROM) - John Greenhouse
0004 | 1998 - Global Positioning System (GPS): Theory and Practice - John D. Bossler & Dorota A. Brzezinska $10 $15
0003 | 1998 - Introduction to Environmental & Engineering Geophysics - Roelof Versteeg $10 $15
0002 | 1998 - Near Surface Seismology - Don Steeples $10 $15
0001 1998 - Nondestructive Testing (NDT) - Larry Olson $10 $15
0005 | 1997 - An Introduction to Near-Surface and Environmental Geophysical Methods and Applications - Roelof Versteeg $10 $15
0006 | 1996 - Introduction to Geophysical Techniques and their Applications for Engineers and Project Managers - Richard Benson & | $10 $15
Lynn Yuhr
Miscellaneous Items
0021 Geophysics Applied to Contaminant Studies: Papers Presented at SAGEEP from 1988-2006 (CD-ROM) $50 $75
0022 | Application of Geophysical Methods to Engineering and Environmental Problems - Produced by SEGJ $35 $45
0019 | Near Surface Geophysics - 2005 Dwain K. Butler, Ed.; Hardcover $89 $139
Special student rate - 71.20
0024 | Ultimate Periodic Chart - Produced by Mineral Information Institute $20 $25
0008 | MATLAB Made Easy - Limited Availability $70 $95
EEGS T-shirt (X-Large) Please circle: white/gray $10 $10
EEGS Lapel Pin $3 $3

SUBTOTAL—SHORT COURSE/MISC. ORDERED ITEMS:
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EEGS Store

Publications Order Form (Page Two)

Journal of Environmental and Engineering Geophysics (JEEG) Back Issue Order Information:
Member Rate: $15
Non-Member Rate: $25

Qt. | Year Issue Qt. | Year Issue Qt. Year Issue
1995 2001 2006
JEEG 0/1 - July JEEG 6/1 - March JEEG 11/1 - March
1996 JEEG 6/3 - September JEEG 11/2 - June
JEEG 0/2 - January JEEG 6/4 - December JEEG 11/3 - September
JEEG 1/1 - April 2003 JEEG 11/4 - December
JEEG 1/2 - August JEEG 8/1- March 2007
JEEG 1/3 - December JEEG 8/2 - June JEEG 12/1 - March
1998 JEEG 8/3 - September JEEG 12/2 - June
JEEG 3/2 - June JEEG 8/4 - December JEEG 12/3 - September
JEEG 3/3 - September 2004 JEEG 12/4 - December
JEEG 3/4 - December JEEG 9/1- March 2008
1999 JEEG 9/2 - June JEEG 13/1 - March
JEEG 4/1 — March JEEG 9/3 - September JEEG 13/2 - June
JEEG 4/2 - June JEEG 9/4 - December JEEG 13/3 - September
JEEG 4/3 - September 2005 JEEG 13/4 - December
JEEG 4/4 - December JEEG 10/1 - March 2009
2000 JEEG 10/2 - June JEEG 14/1 - March
JEEG 5/3 - September JEEG 10/3 - September JEEG 14/2 - Available June
JEEG 5/4 - December JEEG 10/4 - December JEEG 14/3 - Available September
JEEG 14/4 - Available December
SUBTOTAL—JEEG ISSUES ORDERED
SUBTOTAL - SAGEEP PROCEEDINGS ORDERED
SUBTOTAL - SHORT COURSE / MISCELLANEOUS ITEMS ORDERED
SUBTOTAL - JEEG ISSUES ORDERED
CITY SALES TAX (If order will be delivered in the City of Denver—add an additional 3.5%)
STATE SALES TAX (If order will be delivered in Colorado—add an additional 3.7%)
SHIPPING & HANDLING (US—$10; Canada/Mexico—$20; All other countries: $45)
GRAND TOTAL:

Order Return Policy: Returns for credit must be accompanied by invoice or invoice information (invoice number, date, and purchase price). Materials must be in
saleable condition. Out-of-print titles are not accepted 180 days after order. No returns will be accepted for credit that were not purchased directly from EEGS.

Return shipment costs will be borne by the shipper. Returned orders carry a 10% restocking fee to cover administrative costs unless waived by EEGS.

Payment Information:

O Check #:

[0 Purchase Order:
(Shipment will be made upon receipt of payment.)

O Visa [ MasterCard O AMEX [ Discover
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EEGS Store

Environmental
and Engineering
Geophysical Society

2011 Merchandise Order Form
ALL ORDERS ARE PREPAY

1720 S. Bellaire Street, Suite 110
Denver, CO 80222-4303
Phone: 303.531.7517

Fax: 303.820.3844

E-mail: staff@eegs.org
Web Site: www.eegs.org

Sold To: Ship To (If different from “Sold To"):
Name: Name:

Company: Company:

Address: Address:

City/State/Zip: City/State/Zip:

Country: Phone: Country: Phone:
E-mail: Fax: E-mail: Fax:

Instructions: Please complete this order form and fax or mail the form to the EEGS office listed above. Payment must accompany the
form or materials will not be shipped. Faxing a copy of a check does not constitute payment and the order will be held until payment is
received. Purchase orders will be held until payment is received. If you have questions regarding any of the items, please contact the

EEGS Office. Thank you for your order!

Merchandise Order Information:

T-SHIRT NON-
COLOR MEMBER | MEMBER

ITEM DESCRIPTION QTY | WHITE/GRAY RATE RATE TOTAL
EEGS Mug $10 $10 Sold Out
T-shirt (Medium) $10 $10 Sold Out
T-shirt (Large) $10 $10 Sold Out
T-shirt (X-Large) $10 $10
T-shirt (XX-Large) $10 $10 Sold Out
EEGS Lapel Pin $3 $3

SUBTOTAL — MERCHANDISE ORDERED:

TOTAL ORDER:

SUBTOTAL — Merchandise Ordered:

STATE SALES TAX: (If order will be delivered in Colorado — add 3.7000%):

CITY SALES TAX: (If order will be delivered in the City of Denver — add an additional 3.5000%):

SHIPPING AND HANDLING (US - $7; Canada/Mexico - $15; All other countries - $40):

GRAND TOTAL:

Payment Information:

Fax to:
O Check #: (Payable to EEGS) Py Internet:
=7 Mail to:

O Purchase Order:
(Shipment will be made upon receipt of payment.)

Three easy ways to order:

303.820.3844
Www.eegs.org

EEGS

1720 S. Bellaire St., #110
Denver, CO 80222-4303

O Visa [ MasterCard [0 AMEX [ Discover

Card Number: Cardholder Name (Print):

Exp. Date: Signature:

THANK YOU FOR YOUR ORDER!

Order Return Policy: Returns for credit must be accompanied by invoice or invoice information (invoice number, date,
and purchase price). Materials must be in saleable condition. Out-of-print titles are not accepted 180 days after order.
No returns for credit will be accepted which were not purchased directly from EEGS. Return shipment costs will be
borne by the shipper. Returned orders carry a 10% restocking fee to cover administrative costs unless waived by

EEGS/Forms/Merchandise Order Form/2010
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Prices and details on this form are as accurate as possible, but are subject to change without notice.
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