
G-I Organizational Member  
Please send your news items to geostrata@asce.org. 

G-I Organizational Member  
Please send your news items to geostrata@asce.org. 

GEOTECHNICS 
OF ENVIRONMENTAL CHANGE

Geo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataSEPTEMBER  OCTOBER  2010



We keep water where it belongs.

1-800-388-2340
nicholsonconstruction.com

DEEP FOUNDATIONS         EARTH RETENTION         GROUND TREATMENT         GROUND IMPROVEMENT

Drilling and Grouting
Howard Hanson Dam
King County, WA
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to limit the water escaping under the dam. Nicholson met the intense project 
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Letters to the Editor
July/August 2010 

I have been working to 
raise the bar of geotechnical 
practice in the southwestern 
U.S. for just shy of 20 years. 
I have been preaching “…
adding value to a project,…
becoming better, more 
valuable, and valued 
consultants” just as you 
(GeoCurmudgeon) urged 
in your article. Recently I’ve 
come up against a problem 
that has me wondering about 

geotechnical engineers as a profession versus as a business. 
I believe that the highly motivated, highly educated folks 
need a little direction and encouragement and they will do 
whatever is required, be it nights, weekends, and even on 
their vacations.

I am concerned about the “other” guys. The middle 
level and support geotechnical personnel. How do we 
get them to do better? No matter how I try to express 
that geotechnical engineering is a profession, they treat 
it like a “job.” I’ve been thinking about how we would 
raise the bar for everyone. I suggested to a geotechnical 
company president that we need to fi nd ways to motivate 
the mid-level, regular engineers to improve, to grow and 

“become better.” I suggested that we needed to provide 
monetary incentives for them to study in the evenings, take 
seminars, and learn to use new “tools.” I even suggested 
that raising their salaries before they stepped up might get 
their attention and assure them we meant business, that 
we valued their geotechnical work, and that we respected 
them as professionals. His response to me was lengthy, 
but to summarize his position, it would be fair to say that 
he prefers to fi nd, promote, and encourage the “best and 
brightest” and not worry about the others. I have been 
thinking about his comments…Is he right? Maybe? Do we 
give up on the “ordinary practicing” geotechnical engineers 
and let them fi ght over who can out “low-ball” the other 
guy? It just doesn’t seem right to me. 

John C. Lommler
AMEC
Sandia Park, NM

Send your comments to geostrata@asce.org.

Correction

The photo credit used for Figure 1 in the article “U.S. 
Implementation of LRFD for Earth Retaining Structures” 
by Jerry A. DiMaggio and Paul J. Sabatini in the May/June 
2010 issue was incorrect.  The photo credit should have 
recognized Tony Allen, Washington State Department of 
Transportation. We regret this error.
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A Short Collection of Drilling Verse
By Mary C. Nodine, P.E.

#1
(Originally published in 2005)

Your fi ngers have no feeling
And your boots are soaking wet.
Fat droplets saturate your logs
From the brim of your hard hat.
Your sample box disintegrates –
You sheltered it in vain.
There is nothing more delightful
Than drilling in the rain.

#2
Your core box lid shuts with a crash
As plastic wrap whips free.
A gust removes your hard hat

And it fl ies into a tree.
Failure to weigh your clipboard down
With rocks becomes a sin.
There’s nothing nicer in the world
Than drilling in the wind.

Epilogue
Lest you think I’m a complainer
Who has no appreciation
For the fresh air that I breathe
While I perform my occupation,
I’ll have you know: the pristine beauty
Of a jointless fi ve-foot core
Will warm my heart in any weather
(Down to temps of minus four).

(Beyond that I’ll start lamenting
That my steel boots freeze my toes…
But I’ll spare you all more whining.
You can guess how that one goes.)

Mary C. Nodine, P.E., is a geotechnical 
poet and a project engineer with GEI
Consultants, Inc. in Woburn, MA.             
She can be reached at                  
mnodine@geiconsultants.com
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I suspect 
most practicing 
geotechnical 
engineers have 
been involved in a 
partnering exercise 
of some sort.  
While sometimes 
these exercises 
are no more than 

an excuse to spend a day or two out of the offi ce, when 
implemented properly, partnering facilitates mutual respect 
and a collaborative working environment that helps all 
of the involved parties achieve their sometimes disparate 
objectives. 

 
The Geo-Institute (G-I) also engages in partnering with 

allied organizations. We partner with other professional 
societies and trade associations which, while sharing the 
common objective of advancement of our fi eld, also have 
some disparate interests. G-I partnering activities include 
formal activities such as conferences, training courses, task 
forces, and less formal activities such as the annual meeting 
of the Geo-Coalition.  In addition to strengthening our 
bonds with these organizations, these partnering activities 
provide substantial benefi ts for G-I members.  

Conferences are perhaps the most visible example of 
G-I partnering activities.  Most often we have partnered our 
annual congress with one of our allied trade associations, 
providing G-I members with invaluable exposure to 
the perspectives and knowledge base of contractor- and 
manufacturer-driven associations while providing these 
associations with exposure to the perspectives and 
knowledge base of the member-driven G-I. The 2009 G-I 
annual congress, the International Foundation Conference 
and Equipment Exposition (IFCEE), held in cooperation 
with the International Association of Foundation Drilling 
(ADSC) and the Pile Driving Contractors Association 
(PDCA), is a prime example of this type of partnered 
conference.  I can only hope that members of ADSC 
and PDCA benefi ted as much from their exposure to G-I 
activities as I did from their sessions and the equipment 
exposition. Geo-Frontiers 2011, our 2011 annual congress, 
being held in Dallas on March 13-16 in partnership 
with the North American Geosynthetics Society (NAGS), 
promises to be similarly benefi cial.  This meeting will 
provide G-I members with the opportunity to learn from 
manufacturers and contractors about the wide variety of 

geosynthetics applications and products that play such a 
prominent role in our practice today. 

We have also been successful in partnering specialty 
conferences with other professional societies, including 
the upcoming 5th International Conference on Scour and 
Erosion in San Francisco on November 7-10 of this year. 
Our partners include the International Society of Soil 
Mechanics and Geotechnical Engineering (ISSMGE), the 
1st North American Landslide Conference in 2007 with the 
Association of Engineering Geologists (AEG), and the 4th 
International Conference on Unsaturated Soils in 2006 
with ISSMGE. One group of allied organizations we have 
yet to partner with is our fellow ASCE Institutes. We have, 
however, engaged the Structural Engineering Institute in 
discussions about a joint meeting and I hope we can do the 
same in the near future with the Environmental and Water 
Resources Institute and the Construction Institute.

Partnered conferences typically include short 
courses and/or training programs developed by our 
partners, providing G-I members with valuable learning 
opportunities.  We are also engaged in negotiations with 
some of our allied organizations for them to offer webinars 
and traveling short courses through the Geo-Institute.  
Collaboration with our allied organizations includes a 
variety of other endeavors. Once a year, the Geo-Coalition, 
an unstructured consortium that includes the G-I, ADSC, 
PDCA, AEG, and the  ASFE (The Geoprofessional Business 
Association) meets to discuss issues of common interest 
(of which there are many).  And, between meetings, 
the directors of each these organizations coordinate on 
conference scheduling and other issues.  There is also a G-I 
Geotechnical Constructability Task Force composed of two 
representatives of each Geo-Coalition organization that is 
drafting a white paper about geotechnical data needs for 
construction projects.  

Another collaborative activity was the Joint Task Force 
on Areas of Practice with the AEG and American Institute 
of Professional Geologists (AIPG) to defi ne the body of 
knowledge for our respective professions.  While AIPG 
has withdrawn, the G-I and AEG have agreed to continue 
working together to complete the document drafted by the 
task force The G-I is also engaged with ASFE at the Board 
level in discussions on synergies between ASFE’s newly re-
stated purpose to maximize the geoprofession’s importance 

Thoughts from the President
We Are All In This Together!
Ed Kavazanjian, Ph.D., P.E., D.GE
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From the Editorial Board

Over the years, Geo-Strata has published articles on 
sustainability topics such as foundation reuse, stabilizing 
steep slopes using vegetation, application of tire-derived 
aggregate, wetlands, and use of underground space. But 
except for an article early this year on carbon sequestration, 
we’ve not addressed topics associated with the ever-
increasing effects of greenhouse gasses on the geo-structures 
we design and maintain for benefi t the safety and well-
being of society. So this issue on the “Geotechnics of 
Environmental Change” is long overdue. While this issue 
cannot be all inclusive, it’s a start and one we’ll revisit from 
time to time.

What’s Inside?

As you may remember from freshman geology, the 
principle of uniformitarianism says the present is the 
key to the past. For this issue’s commentary, Jeff Keaton 
then asks “Is Uniformitarianism Sustainable in an Age of 
Environmental Change?” Strict interpretation requires that 
natural processes have been constant throughout Earth’s 
history. An extension of uniformitarianism is ‘actualism,’ 
which contends the same natural processes have been 
operating throughout Earth’s history, but at different rates. 
But given the strong and opposing views on the topic of 
environmental change, Jeff suggests an ‘adaptation’ strategy 
(i.e., the recent past is the key to the near future) may be 
more appropriate.

Climate warming during the last several decades 
has changed the pace of some geomorphic processes in 
mountains, including glaciers. In “Mountain Hazards in a 
Warming World,” John Clague describes the resulting types 
of hazards and their consequences on the environment 
and their impacts on downvalley communities and 
infrastructure.

The increased incidences of fl oods and droughts that will 
accompany climate change and the potential degradation of 
surface- and ground-water quality from increased use, will 
lead to confl icts between mankind and the environment. 
The impact of climate change on water quality, water 
management practices, and remedial control monitoring 
are described in “Potential Impact of Climate Change on 
the Geoenvironment” by Catherine Mulligan.

Landslides represent a major threat in most 
mountainous regions of the world which will probably 
be affected by future climate scenarios and modifi ed 
precipitation patterns. In “Effect of Climate Change on 
Landslide Behaviour,” Lyesse Laloui, Alessio Ferrari, 
and John Eichenberger describe how advancements in 
constitutive modeling and predictive numerical models, 

combined with improved understanding of key landslide 
triggering mechanisms calibrated with monitored slope 
response, will certainly help increase the reliability of 
predictive tools in the future.

Mining in the arctic requires much greater attention to 
climatic uncertainty, and greater attention to future climate 
change where the predicted warming trends are the greatest. 
Present and future mine waste management practices 
in northern climates are described by Bruno Bussière 
and Don Hayley in “Effects of Climate Change on Mine 
Waste Disposal in the Arctic.” They comment that existing 
containment structures be reassessed using best-practice 
climate models, and that mine wastes from sulphide-rich 
ore at thermally sensitive permafrost site conditions are 
particularly vulnerable to adverse long-term environmental 
effects.

Geotechnical engineers routinely evaluate the technical 
and economic value of alternative solutions. But just as we 
consider technical and cost benefi ts, wouldn’t it be useful 
to have a way to quantify the sustainable benefi ts of each 
alternative? Kord Wissman, Richard Handy, John Hildreth, 
and Michael Pockoski propose an approach in “Geo-Global 
Warming…Is It Going Too Far This Time?”

In “Geoprofessionals of Lilliput, Unite!,” our 
GeoCurmudgeon, John Bachner, laments the over-
fragmentation of the engineering professions and its lack of 
infl uence compared to lawyers, doctors, accountants. Our 
GeoPoet, Mary Nodine entertains with a “A Short Collection 
of Drilling Verse.” And our GeoLegend this issue is T. 
William Lambe, MIT Professor Emeritus, compiled from 
an interview by Virginia Tech graduate students William 
Segerstrom, Akshay Ramprakash, and Desislava Slavova.

This message was prepared by Jim Withiam, Editor-in-Chief
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and value to the marketplace and 
G-I supported initiatives such as 
the Academy of Geo-Professionals 
certifi cation program (D. GE 
certifi cation) and ASCE’s initiative to 
establish “BS+30”as a requirement for 
professional licensure.         

G-I partnering activities not only 
have many direct benefi ts for G-I 
members, but also provide indirect 
benefi ts by increasing the visibility of 
our profession and strengthening the 
voices of our partners who share this 
goal.  They also serve to remind us 
that we are all in this together. 

Ed Kavazanjian, Ph.D., P.D., D.GE, 
F.ASCE
President, Geo-Institute of ASCE
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Google ‘uniformitarianism’ and you can choose from 
102,000 hits. It will not take long to determine that this 
‘law of geology’ has been given a subtitle, the present is the 
key to the past, and is at odds with religious dogma. One 
group contends that uniformitarianism requires natural 
processes to have remained constant throughout Earth’s 
history, whereas another group contends that God created 
the Earth exactly as it was seen by Adam and Eve. A third 
group accepts actualism, which indicates that the same set 
of natural processes has been operating throughout Earth’s 
history, but not at constant rates or intensities.

How does uniformitarianism fit the ‘Geotechnics of 
Environmental Change’ theme? Societies today react to 
the concept of ‘environmental change’ in ways similar to 
past societies and uniformitarianism. One group contends 
that global warming is real and caused by Man’s activities, 
whereas another group contends that global warming is not 

real or, at least, it is not caused by Man. Does the concept of 
Man-caused global warming imply that global temperature 
would be approximately constant without Man’s activities? 
If so, it would be consistent with the strict interpretation 
of uniformitarianism. The well-known ice ages of the 
Pleistocene clearly indicate prehistoric climate change to 
those who accept an old Earth, and the Little Ice Age of the 
1600s indicates historical climate change even to those who 
reject an old Earth.

Theoretical calculations of solar radiation over the 
past 600,000 years based on the eccentric orbit of the 
wobbly, tilting Earth around the sun were published in 
1924 by Milutin Milankovitch. His curves immediately 
were compared to ages of glaciations in Europe and the 
coincidence was almost as dramatic as Alfred Wegener’s 
1912 publication drawing attention to the fit of the west 
coast of Africa and the east coast of South America as 
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the foundation of continental 
drift theory. Oxygen isotope and 
paleomagnetic data from the 1960s 
and ‘70s added to the body of 
knowledge regarding paleoclimate 
and plate tectonics.

Evolution has been at work on 
the climate situation recently. Let’s 
overlook the late 1970s forecast of an 
impending ice age and focus on the 
early- to mid-2000s ‘global warming’ 
discussion. Cooler temperatures and 
climate science research concerns 
notwithstanding, the term became 
‘climate change’ even as governments 
sought to establish policies to restrict 
Man-generated green house gasses 
that were considered to be the cause 
of global warming. The transportation 
industry concluded in 2008 that the 
impacts of climate change could be 
handled best by adaptation strategies. 
The global warming evolution thus 
became ‘environmental change’ 
which permits consideration of non-
climate processes, such as coastal 
subsidence, in a holistic way.

Global warming policies were 
created without significant input from 
engineers. Sensational sound bites 
and photos of pathetic polar bears 
played on a scientifically illiterate 
society to pit the environment 
against development. Skeptics of 
Milankovitch’s theory found items 
to support their objections to it; 
Milankovitch was reported to have 
been untroubled by the criticisms, 
commenting that it was not his 
duty to educate the ignorant. Geo-
engineers today should be aware 
of opportunities to ‘educate the 
ignorant,’ but society seems to 
be filled with well-meaning, but 
misinformed, people who are unduly 
influenced by Hollywood science 
and environmental activism, making 
the education task more challenging. 
It seems that the transportation 
industry’s adaptation strategy for 
dealing with climate change also may 
be the best approach for dealing with 
climate-change policies.

In 2008, the Geo-Institute’s 
Technical Coordination Council 
established a Task Force on 
Sustainability and Climate Change 
which produced a white paper 
addressing 1) the role of geo-
professionals, 2) alternative actions 
for the G-I, and 3) a plan for the near 
future. Climate change was viewed 
as part of the broader sustainability 
topic; environmental change can be 
viewed the same way. Challenges of 
communicating ‘Technology is the 
answer’ to non-engineers who have a 
‘green’ vision that ‘Technology is the 
problem’ were discussed.

The G-I was encouraged to 
develop something parallel to the 
Green Building Council’s Accredited 
Professional status for Leadership in 
Energy and Environmental Design 
(LEED). Such an action would be 
an adaptation strategy in an Age of 
Environmental Change, perhaps, 

but who understands better than 
geo-engineers the corollary that ‘the 
recent past is the key to the near 
future?’ The actualism variety of 
uniformitarianism seems to have 
been sustainable for somewhere 
between 6,000 and 4.54×109 years, 
depending on your view.

Jeffrey R. Keaton, Ph.D., P.E., P.G., 
F.ASCE, is senior principal engineering 
geologist and vice president of MACTEC 
Engineering and Consulting in Los 
Angeles, CA. Jeff is a member of the G-I 
Technical Coordination Council and 
served as chair of the Task Force on 
Sustainability and Climate Change.       
He can be reached at                
jrkeaton@mactec.com  

Geo-Strata is interested in 
hearing from you. Please send your 
comments on this commentary to 
geo-strata@asce.org.   
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GEO-LEGENDS 
Lessons Learned from T. William Lambe, Sc.D., P.E., NAE, 
Dist.M.ASCE  •  By William Segerstrom, 
S.M.ASCE, Akshay Ramprakash, and 
Desislava Slavova, S.M.ASCE

This article is the second in a series of “Lessons 
Learned from Geo-Legends.” The articles are written 
by student members of the Geo-Institute’s Student 
Presidential Group (SPG) who believe the insights they 
convey will benefi t students and younger G-I mem-
bers by providing an opportunity to learn from those 
who have excelled in advancing the geotechnical en-
gineering profession. Due to space constraints, this ar-
ticle is a condensed version of the author’s interview 
with the Geo-Legend. The full interview is available on 
the G-I web site at www.geoinstitute.org.
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Dr. T. William Lambe has played a key role in the 

development of geotechnical engineering practice, 

theory, and design philosophy. He graduated from North 

Carolina State University in 1942 with a B.S. in Civil 

Engineering. After earning his S.M. degree in 1944 at the 

Massachusetts Institute of Technology, he began teaching 

soil mechanics there while working with Professors Donald 

Taylor and Karl Terzaghi. He completed his doctorate in 

1948 and remained at MIT, where he became head of the 

Geotechnical Division and Edmund K. Turner professor of 

Civil Engineering, Emeritus.

Dr. Lambe’s expertise includes soil behavior, laboratory 

testing, earth structures, excavations, landslides, 

foundations, soil stabilization, and performance prediction. 

Much of his research has focused on techniques to 

reconcile differences between field conditions, lab tests, 

and engineering models. In 1967, he published the “Stress 

Path Method” to explain how soil strength depends on the 

evolving stress state. He has also advanced other issues such 

as prediction assessment and project optimization. In all, 

Dr. Lambe has published 115 papers and authored three 

textbooks.

He has combined experience and his understanding of 

fundamental soil mechanics to solve challenging practical 

problems. He has actively participated in consulting since 

1942 and has worked on 174 projects, mostly related to 

dams, slopes, foundations, and retaining structures.

Dr. Lambe has received 39 distinguished honors and 

awards. ASCE recognized his achievements with the 

Norman Medal (1964) and the Karl Terzaghi Award (1975), 

among others. He delivered the Terzaghi Lecture (1970) and 

the Rankine Lecture (1973) in addition to numerous other 

lectures and keynote speeches. On two occasions, NASA 

also awarded him for his involvement in the Apollo space 

program.

These achievements place him within the esteemed 

group of individuals we consider our “Geo-Legends.” 

We felt privileged to interview Dr. Lambe and appreciate 

his sharing these insights into geotechnical engineering 

acquired over his long career.

Q:  How did you first discover your interest in geotechnical 

engineering?

I got my masters at MIT, starting in structures and soils. 

I intended to be a structural engineer. When I got to my job 

in San Francisco, I found that most of the problems were in 

soil, so I became interested in geotechnical engineering.

Q:  Given that you helped shape some of the main principles 

of soil mechanics, do you believe that today’s universities place 

enough emphasis on fundamental ideas?

From what I have seen, I would say no. They are not 

covering the fundamentals. I have lectured and reviewed 

programs at 59 universities, 29 in the U.S. and 30 abroad, 

and I have seen what they are teaching. I think they need to 

do more on the fundamentals.

Q:  You’ve been a consultant, a researcher, and a professor, 

but which aspect of your career did you enjoy the most?

Each of those three supported the other two, and I found 

all three very interesting. I used field cases in my classes, 

and I got ideas for research from actual cases, so I think 

they are all highly supportive of each other.

Q:  Whom do you consider the most interesting person you 

worked with, and why?

I’ll give you two names. I worked with Terzaghi, and he 

was a highly interesting person. And I did a lot of work in 

Jamaica, and I became a close friend and an admirer of Sir 

Hugh Foot, who was the governor. Terzaghi changed over 

time. He started out telling me exactly what to do. But as 

he gained confidence in me, he would say, “Okay, you do 

exactly this, and then you can do an equal amount of work 

that you think is important.” I started out with him working 

on the Aswan Dam in Egypt. I ran all the tests he wanted, 

and I ran some of my own. 

Q:  What do you consider to be your best career 

achievements?

Four things are personally significant. I wrote two 

books, Soil Testing and Soil Mechanics with Bob Whitman. 

Both are now being revised, but they are still being used. 

Second, the work I did on predictions and the evaluation 

of predictions has turned out to be very important. Third, I 

think, the work I did on the stress path method is very good 

development. And, my fourth major contribution would 

be some highly successful students, including Jim Mitchell, 

Victor deMello, Allen Marr, Francisco Silva, Chuck Ladd, 

and David D’Appolonia. I have had some students who 

have done very well.

Q:  Throughout your entire career, which project did you find 

most challenging?

I’ve been to Venezuela 95 times, and one of the big 

problems I worked on there was a long slope. What was 

happening was that the pore pressures were increasing over 

time, and I spent a lot of time studying that. I feel that’s 
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one of the most challenging projects I 

have worked on. 

Q:  After investigating over 80 

engineering failures, what advice can you 

share to help engineers avoid repeating 

these mistakes in the future?

We need much better fi eld 

investigation, especially measurement 

of pore pressures, and better testing. 

I would say the biggest boo-boo I 

see engineers making is not doing a 

thorough fi eld investigation. I’ve seen 

a number of cases where they did not 

detect a weak layer in the foundation. 

And, if there is one single thing that 

is mishandled and leads to problems, 

it’s pore pressure.

Q:  What do you see for the future 

of geotechnical engineering? And, 

what advice would you give to a young 

engineer in this fi eld?

Geotechnical engineering has 

a great future. My latest work has 

been in risk analysis; I think we are 

going to have to do risk analysis/

risk management on projects. And, 

the advice I’d give a student is to 

work hard, be honest, and don’t play 

politics. You may gain temporarily by 

playing politics, but it doesn’t last.

Dr. T. William Lambe can be 

contacted at twlambe@alum.mit.

edu. William Segerstrom, Akshay 

Ramprakash, and Desislava Slavova 

are graduate students in geotechnical 

engineering and members of the G-I 

Graduate Student Organization at 

Virginia Tech. William Segerstrom can be 

reached at wcs@vt.edu.

Send your ideas for future         

Geo-Legend articles to               

geo-strata@asce.org.   
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Mountain Hazards in a               
Warming World

By John J. Clague, Ph.D., P.G.

Ten percent of Earth’s surface is covered by glacier 
ice, with more than 99 percent of this glacier cover in the 
form of ice sheets in Greenland and Antarctica. Less than 
1 percent comprises ice fields, ice caps, and cirque, valley, 
and piedmont glaciers, mainly in high mountains. Glaciers 
provide many benefits, or what have been termed “natural 
service functions.” For example, glaciers store snowfall, 
augment water supply in some areas via meltwater, and 
reflect sunlight which helps regulate global temperatures. 
But glacier processes, such as glacier retreat, rock mass 
destabilization, permafrost thaw, and ice avalanches, can be 
hazardous and some glacier hazards may be amplified by 
climate change.

Some Glacier Statistics

Most alpine glaciers achieved their maximum size during 
the 18th and 19th centuries, or what has been termed the 
“Little Ice Age.” Since then, alpine glaciers have thinned 
and receded, a response to the warming of the past 100 
years. This recent warming has been most pronounced 
at high latitudes and high elevations. As a consequence, 
glacier cover in most mountain ranges is one-half to two-
thirds of what it was in the mid-19th century. A disturbing 
consequence of contemporary ice loss on Earth is that seas 
are rising. Much of the current sea-level rise of 2-3 mm/yr 
is the result of deglacierization in high mountains, mainly 
in western North America and Eurasia. However, even if all 
alpine glaciers were to disappear, sea level would not rise 
more than 1 m. 

Climate Change and Glacial Hazards

Recent glacier retreat may also be responsible for some 
landslides in high mountains. Many marginally stable 
slopes that were buttressed by glaciers during the Little 
Ice Age failed after they became deglaciated in the 20th 
century (Figure 1). This effect is most pronounced in 
mountain ranges with the greatest contemporary ice cover 
– the Himalayas, and the St. Elias Mountains and Coast 
Mountains in western North America – because these are 
the areas where ice losses in the 20th century have been 
largest.

Climate change can affect the stability of slopes in other 
ways. Temperatures in high mountains normally are below 
freezing, but rapidly rise above freezing during warm spells. 
At these times, meltwater infiltrates fractures in marginally 
stable rock masses. Later, when temperatures fall below 
0°C, water within the fractures freezes or the fractures may 
become sealed by freezing at the surface. In either case, pore 
water pressures rise, dilating an already weak rock mass.
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Figure 1. A large landslide caused by glacier debuttressing in the 
Saint Elias Mountains, northwestern British Columbia. 
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A related process is thawing of permafrost beneath 
alpine rock slopes. The lowest elevation of alpine 
permafrost has risen in most if not all mountains in the 
20th century due to climate warming. This thawing has 
lowered the strength of marginally stable rock, because ice 
in fractures of the rock melts. Ice avalanches are another 
glacier hazard with possible links to climate change. 
Heavily crevassed snouts of glaciers that terminate on steep 
slopes are prone to avalanching, especially during warm 
weather when large amounts of water flow at the base of 
the glacier. This water can accelerate glacier flow and locally 
elevate basal pore pressures.

Catastrophic Glacial Floods

Many glaciers impound lakes that drain suddenly, 
causing catastrophic downvalley floods termed jökulhlaups. 
These floods are far larger than normal snowfall- and 
rainfall-triggered floods. Water bodies may exist on top of, 
within, beneath, or at the margins of glaciers. Lakes at the 
margins of glaciers may contain 100,000,000 m3 of water or 
more. The largest of these lakes, and commonly the most 
prone to draining, are in low-gradient trunk valleys at the 
toes of glaciers flowing out of tributary valleys, and in a few 
fiords at the margins of calving tidewater glaciers.

When the climate is stable, and glaciers neither advance 
or retreat, glacier-dammed lakes are commonly stable 
and do not empty catastrophically. The situation is very 
different, however, during periods of pronounced climate 
change. During the Little Ice Age, for example, new 
lakes formed when glaciers advanced across streams and 
blocked drainage (Figure 2). Most of these lakes drained 
catastrophically during the 20th century when glacier 
thinning and retreat weakened the ice dams. Sudden 
draining of these lakes typically happened due to rapid 
enlargement of subglacial channels that served as conduits 
for outflowing water.

Glacier dams may also fail by collapse following 
surges that block streams. Many Little Ice Age glacier-
dammed lakes no longer exist because the glaciers that 
dammed them have wasted so much that they no longer 
impound water. However, lakes have formed at new sites 
at glacier margins, typically at higher elevations, and their 
presence poses new risks to downvalley communities and 
infrastructure.

New lakes also developed behind Little Ice Age end 
moraines during the late 19th and 20th century when 
glaciers retreated from large moraines deposited during the 
Little Ice Age. Many of these moraine dams are unstable 
and vulnerable to failure because they are steep-sided and 
consist of loose, coarse sediment. Rapid incision of moraine 
dams may be caused by a large overtopping wave produced 
by an ice avalanche or rockfall (Figure 3). Slow melt of dead 

glacier ice within the moraine and piping by removal of fine 
sediment from the dam by groundwater are other possible 
failure mechanisms.

Outburst Flood Flows
Outburst floods from glacier- and moraine-dammed 

lakes commonly display an exponential increase in 
discharge, followed by an abrupt decrease to background 
levels when the water supply is exhausted. Other outbursts 
display a near-linear increase in discharge as failure 
progresses. Peak discharges are controlled by lake volume, 
dam height and width, the material properties of the dam, 
failure mechanism, downstream topography, and sediment 
availability. Floods from glacier-dammed lakes tend to have 
lower peak discharges than those from moraine-dammed 
lakes of similar size because enlargement of tunnels in ice is 
a slower process than overtopping and incision of sediment 
dams.
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Figure 2. A large outburst flood caused by the sudden draining 
of Summit Lake, a glacier-dammed lake in northwestern British 
Columbia. 

Figure 3. A lake at the terminus of Bishop Glacier, in the south-
ern Coast Mountains of British Columbia, impounded behind a 
moraine built by Bishop Glacier in the 19th century.   
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Outburst fl oods from glacier- and moraine-dam lakes 
may transform into debris fl ows as they travel down steep 
valleys. Debris fl ows can only form and be sustained on 
slopes greater than 10-15 degrees and only where there is an 
abundant supply of sediment in the valley below the dam. 
In general, debris fl ows are more destructive than fl oods of 
the same size.  Outburst fl oods can erode, transport, and 
deposit huge amounts of sediment over distances of tens 
of kilometers (Figure 4). They broaden fl oodplains and 
destroy pre-fl ood channels. The changes can persist for 
decades, although rivers commonly quickly reestablish their 
pre-fl ood grades by incising the fl ood deposits.

Sediment Pulses
Changes in the fl ux of water and sediment from a 

glacier can alter the stream and local base level in the valley 
below. During glacier advance, more sediment is delivered 
to the stream fl owing from the glacier. The larger area 
covered by the expanding glacier also results in increased 
subglacial erosion. As a consequence, the fl ux of sediment 
into glacierized river valleys is greater than at times when 
ice cover is less. Sediment pulses may propagate rapidly 
downstream in narrow mountain valleys, both as glaciers 
advance to maximum positions and, afterwards, when they 
begin to retreat. During retreat, large areas of loose, non-
vegetated sediment is transferred to streams, causing valley-
wide aggradation.

The Climate-Stability Link
There is a link between climate and the stability of 

moraine and glacier dams. Most moraine-dammed lakes 
formed in the last century as glaciers retreated from bulky 
end moraines deposited during the Little Ice Age. The 
newly-formed lakes soon began to breach the dams. With 
continued warming and glacier retreat, the number of 
moraine-dammed lakes vulnerable to failure will decrease 

and the threat they pose will diminish. The relation is 
different for glacier-dammed lakes. Typically, a glacier-
dammed lake passes through a period of cyclic or sporadic 
outburst activity, lasting from years to many decades. The 
cycle of outburst of fl oods from the lake ends when the 
glacier dam weakens to the extent that it can no longer trap 
water behind it. The cycle may recur, however, if the glacier 
readvances.

A Forecast
Climate warming during the last several decades 

has changed the pace of some geomorphic processes 
in mountains. Rapid, large-scale deglacierization and 
thaw of alpine permafrost have increased the incidence 
of landslides and debris fl ows in mountains (Figure 5). 
Lakes that formed against retreating glaciers and moraines 
have drained suddenly, instantly altering valley fl oors far 
downstream. Changes in sediment delivery to streams have 
altered local base level and channel planform in mountain 
valleys. If forecasts of continued atmospheric warming 
are correct, loss of glacier ice and alpine permafrost will 
continue, and perhaps accelerate, through the remainder of 
this century, exacerbating the impacts of these processes.

John J. Clague, Ph.D., P.G., is professor and Shrum Chair 
in Science at Simon Fraser University in Burnaby, British 
Columbia, Canada. John is one of Canada’s leading authorities 
in Quaternary and environmental earth sciences and has 30 
years experience in surfi cial/terrain mapping, Quaternary 
stratigraphic investigations, engineering and environmental 
interpretations of surfi cial geological information, and natural 
hazard studies. He can be reached at jclague@sfu.ca   
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Figure 5.  Path of a large debris flow triggered by the sudden 
emptying of moraine-dammed Klattasine Lake in the southern 
Coast Mountains of British Columbia in the early 1970s. 

Figure 4.  Queen Bess Lake in the Coast Mountains several years 
after large outflow in 1997 following Diadem Glacier toe col-
lapse.
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Potential Impact of Climate 
Change on the GeoEnvironment

By Catherine N. Mulligan, Ph.D., P.Eng., A.M.ASCE

The water component of the 
geoenvironment includes all rivers, lakes, 
ponds, inlets, wetlands, estuaries, coastal 
water, groundwaters, and aquifers. These 
waters contribute to the oceans that make 
up 70 percent of the earth’s surface water. 
The increased incidences of floods and 
droughts that will accompany climate 
change will affect water availability, 
recharge, leaching, and groundwater flow. 
Other effects may include thawing of 
permafrost, rising sea levels, decreased 
snow cover, changes in flora and fauna, 
and increased risk of forest fires. Changes 
in water quantity and characteristics 
will then affect water quality and 
contaminated sites.

Surface water and groundwater are the 
two primary sources of drinking water. The 
hydrologic cycle reflects the constant or 
continuous movement of water within the 
earth, on the earth, and in the atmosphere. 
Oceans and other surface water bodies with 
open land surfaces participate in the processes of the 
hydrologic cycle, which include:

• evaporation and transpiration,

• condensation,

• precipitation,

• infiltration (percolation), and

•  runoff.

Increased runoff from agricultural fields and urban 
areas could potentially cause an upsurge in diffuse 
pollution (Figure 1). Soil drying and wetting may also 
affect water quality and the organic content of water. 
The combination of infiltration and runoff as potential 
carriers of pollutants into the ground and receiving 

waters, including groundwater, highlight the need for 
proper management of pollution sources to protect water 
resources. If not managed properly, then water treatment 
to achieve drinking water standards is the only means for 
water resource management.

Potential Impacts of Climate Change

Climate change can potentially have a substantial impact 
on water supply and quality by affecting both groundwater 
and surface water. Of particular concern is how the quality 
of drinking water may be impacted and how that will 
ultimately affect animal and human health. One potential 
problem is that air temperature is expected to increase 1.8 
- 4o C before the end of the 21st century, which will increase 
water temperatures. By way of background, each 3o C 
increase in temperature decreases oxygen saturation by         
10 percent, thereby lowering the ability of the water to 
support life. 
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Figure 1. Potential impacts of climate change on the geoenvironment.
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Processes within surface waters such as diffusion, 
mineralization, and vertical mixing will be impacted as 
detention times will increase by up to 92 percent due 
to decreased rates of precipitation. First, only shallow 
lakes will be influenced, but eventually large ones will 
as well. Increases in pH and in-lake alkalinity generation 
and changes in lake dimensions are some of the changes 
predicted.  Contaminant transport can also be influenced 
by the changes in water transport and mixing. 

Temperature increases are correlated with increased 
nitrogen availability and phosphorus mobilization in 
soils. Warmer climates will increase nutrient loads in 
surface and ground water. More precipitation will increase 
runoff and pollutant transport (Figure 2a). Phosphorus 
release from bottom sediments will increase due to oxygen 
decreases. Phosphorus increases enable the growth of 
phytoplankton and cyanobacteria (Figure 2b), thereby 
decreasing the water quality. Cyanobacteria produce toxins 
that may increase in frequency due to climate change. 
Summer warming may induce earlier growth. Temperatures 
above 25o C are particularly favourable for growth of 
cyanobacteria. Cyanobacteria and cyanotoxins will need 
to be removed during water treatment for drinking water. 
Chlorination, micro/ultrafitration, and ozonation are 
effective for treatment but may need to be adjusted as water 
temperatures increase.

Climate change may impact surface water quality, 
hydrological variations, water temperature increases, and 
increased pollutant load. In each case, water treatment 
plants will need to consider pollutant management as well 
as the impacts of the runoffs due to extreme events such as 
heavy rain falls and droughts. Micropollutants, dissolved 
organic matter, and pathogens will be involved as well. 
Currently, there is a lack of information on the impact of 

climate change with 
respect to water 
treatment efficiency. 

Water quality 
monitoring 
is required to 
predict health risk 
assessment and 
to enact adaptive 
measures. If 
climate change 
occurs, temperature 
will need to be 
included in the 
current models. 
There is a potential 
compensatory 
element for part of 
this, as droughts also 

affect water quality and quantity. During drought periods, 
water velocity is lowered, which has the attendant benefit 
of increasing particle settlement and adsorption of some 
pollutants in suspended matter.

Groundwater and Water Management

To enable the adequacy of water resources for future 
generations, management practices must control the 
sources of pollution and limit water use. This requires 
sufficiency in recharge of aquifers and prevention of 
pollution of surface water and groundwater. Remediation 
of polluted water is required. Although well-known as 
a technique, the effective and complete remediation of 
aquifers is not easily accomplished.

An effective groundwater management policy must first 
involve an evaluation of present practices beginning with a 
determination of the basic needs for the water. Then laws 
and regulations need to be established to ensure water 
quality and quantity. As shown in Figure 3, if adequate 
quantities of groundwater are to be available, requirements 
of the population must first be determined. If not, system 
management to allow for recharge before depleting this 
resource must be practised. 

If a water budget analysis shows that the quantities are 
sufficient, the quality of the groundwater will then need 
to be determined. Although inappropriate for human 
consumption, some water may be adequate for industrial 
or irrigation purposes without treatment or perhaps with in 
situ treatments. Drinking-quality water may require further 
treatment, most often extraction pumping and treatment 
with a suitable sustainable method to avoid harming the 
larger environment. Evaluation of the most sustainable 
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Figure 2a. Increased river turbidity 
due to runoff. 

Figure 2b. Cyanobacteria. 
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water treatment processes will have to be part of this larger 
assessment cycle.

In the past, many models have 
been developed for prediction of the 
impact of certain chemicals in the 
environment, such as the transport 
of contaminants from point and 
nonpoint sources. However, they 
have not focused on how to reduce or 
prevent the pollution nor have they 
included the potential influence of 
climate change.

Impact on Site Remediation

To determine the best remediation 
approach for a site, a conceptual 
model should be developed for 
evaluation of the various approaches 
and risk identification. Both short- 
and long-term objectives must be 
fulfilled. Contaminant transport is 
a major concern. Source control is 
highly desirable, as a continuous 
input of contaminants can defeat 
remediation effectiveness and 
recontaminate an area. A combination 
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Figure 3. Evaluation and management of water quantity and quality (modified from Yong 
et al., 2006).
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of approaches may be appropriate, if the site is highly 
heterogeneous. Estimates of residuals and contaminant 
releases from in situ and ex situ approaches must be 
realistic to enable comparisons.

Information on the sorption and solubilities of the 
various contaminants is then needed as input to transport 
and fate models. If biotransformation of the target 
pollutants has occurred, supporting laboratory research 
would be needed to determine the likely fate of the 
transformed or intermediate products. Climate change 
can then affect the rates of biodegradation, volatilization, 
soil erosion, and dust transport. These effects on the 
environment will affect contaminated site management.

Site characterization monitoring for contaminated sites 
is necessary to provide information on the hydrogeology of 
the site. It is necessary to properly characterize subsurface 
flow to fully delineate or anticipate the transport direction 
and extent of the pollutant migration. Permafrost areas may 
be particularly impacted. Infrastructure for containment 
may become unstable under conditions of thaw. Water 
levels and flow directions and salinity conditions near 
coast areas should be monitored, as well. To date, little 
information on the effect of climate change has been 
obtained.

Monitoring during and after remediation is highly 
important and should be planned and initiated at 
contaminated sites. It can also be used to document short- 
and long-term impacts compared to those predicted in 

the Environmental Impact Assessment (EIA) statement. 
Monitoring will indicate the impact on potential pollutant 
receptors during the remediation, whether the cleanup 
objectives have been achieved, the permanence of the 
remediation, and whether recontamination is a possibility. 
Five-year assessments are often required to determine the 
long-term effectiveness of the remediation. Uncertainties 
can also be reduced and experience can be gathered for 
future projects by monitoring. However, the unknown 
effects of climate change will increase the uncertainty of the 
likely success of these remediation efforts.

As part of the monitoring, chemical, physical, and 
biological data should be collected at sufficient times and 
places to check the appropriateness of the remediation 
plan. Baseline data are usually collected during the initial 
site characterization phase. The nature and extent of 
contamination is determined to evaluate remediation 
feasibility and risk of contaminant transport. Predictions 
by modeling should be compared to long-term monitoring 
data. Background data from related uncontaminated areas 
must be obtained to enable establishment of background 
levels and, also, to determine changes to indicate sources of 
contamination, such as runoffs.

To develop a monitoring plan, hypothesis statements 
related to the remediation or outcome can be formulated. 
For example, has the remediation enabled the goals and 
objectives of the remediation to be achieved? A flow 
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Figure 4. Potential impact of climate on 
site remediation  (modified from Mulligan 
et al., 2009). SQG represents soil quality 
guidelines. Gray color indicates potential 
climate change impact.

continued on page 34



1.800.685.9990 | mirafi.com

For a demonstration of this product, visit www.mirafi.com
*patent pending

For roads, railways, airport runways, haul roads and 
embankments, Mirafi® RS580i will be the engineer’s choice...
period.  All others are just...well...apples.

Mirafi® RS580i is the superior geosynthetic product for base 
reinforcement and subgrade stabilization.

Our game changing new high-strength woven multi-layered 
geotextile product provides excellent reinforcement strength 
and base course confinement integrated with high water flow 
and soil retention capabilities.

Mirafi® RS580i... the integrated difference.

Orange wins.

We will leave you seeing orange.

Modulus. Separation. Confinement. Water flow. 
Product identification. Superior integration*.

The new Mirafi® RS580i ...
It’s like comparing apples to oranges for Roadway Reinforcement.

Welcome to the new world of Mirafi® RS580i.

Protective & Outdoor Fabrics
Aerospace Composites
Armour Composites

Geosynthetics
Industrial Fabrics
Synthetic Grass

When compared to the leading subgrade stabilization geosynthetics: 
holds 2x more force with less overall system movement  |  lower ultimate elongation  |  3x water flow  |  higher particle retention

Integration refers to the overall set of described characteristics based on a review 
of technical specifications for comparable products published by their respective 
manufacturers.  Individual characteristics of these products vary and may meet, 
exceed, or fall below one or more of the above described individual characteristics.



1.800.685.9990 | mirafi.com

For a demonstration of this product, visit www.mirafi.com
*patent pending

For roads, railways, airport runways, haul roads and 
embankments, Mirafi® RS580i will be the engineer’s choice...
period.  All others are just...well...apples.

Mirafi® RS580i is the superior geosynthetic product for base 
reinforcement and subgrade stabilization.

Our game changing new high-strength woven multi-layered 
geotextile product provides excellent reinforcement strength 
and base course confinement integrated with high water flow 
and soil retention capabilities.

Mirafi® RS580i... the integrated difference.

Orange wins.

We will leave you seeing orange.

Modulus. Separation. Confinement. Water flow. 
Product identification. Superior integration*.

The new Mirafi® RS580i ...
It’s like comparing apples to oranges for Roadway Reinforcement.

Welcome to the new world of Mirafi® RS580i.

Protective & Outdoor Fabrics
Aerospace Composites
Armour Composites

Geosynthetics
Industrial Fabrics
Synthetic Grass

When compared to the leading subgrade stabilization geosynthetics: 
holds 2x more force with less overall system movement  |  lower ultimate elongation  |  3x water flow  |  higher particle retention

Integration refers to the overall set of described characteristics based on a review 
of technical specifications for comparable products published by their respective 
manufacturers.  Individual characteristics of these products vary and may meet, 
exceed, or fall below one or more of the above described individual characteristics.



34  Geo-Strata  l   geoinst i tute.org

continued from page 31

chart such as shown in Figure 4 can be used to identify 
the site activities and potential outcomes. Monitoring, 
identifi cation of remediation alternatives, and risk 
assessment may all be affected by climate change. Site 
management practices will need to be adapted.

Are We Ready?

The demand and use of water can often produce 
situations that result in confl icts between mankind and the 
environment. Degradation or impairment of water quality 
results from various usages associated with agriculture, 
industrialization, and urbanization. Management and 
education in sustainable water usage is required and must 
take into account the effects of climate change. Failure 
to do so will result in the geoenvironment’s diminished 
ability to provide life support. Control and/or mitigation 
of the impact of the pollution of available water resources 
from the many pollutant sources are measures that must 
be undertaken as critical procedures in structuring water 
sustainability protocols and requirements. The infl uence 
of climate change on contaminated site management will 
need to be understood further to enable adaptation of 
management practices.

Various remediation tools have been developed to 
treat the soil and water once it has been contaminated. 
These techniques each need to be compared on the 
basis of resource depletion, energy requirements, and 
emissions to enable more informed choices regarding 
sustainable treatment processes. The treatment 
processes themselves must produce minimal amounts 
of greenhouse gases. There is still much to be done to 
prepare for the possible impacts of climate change. 
Analyses, models, and management practices need to be 
developed or revamped to accommodate possible climate 
change. Are we ready?

Catherine N. Mulligan, Ph.D., P.Eng, A.M.ASCE, is 
professor and Concordia Research Chair in Geoenvironmental 
Sustainability (Tier I) in the Department of Building, Civil & 
Environmental Engineering at Concordia University in Montréal, 
Québec, Canada. Her research interests include natural 
attenuation; surfactant-enhanced washing and fl ushing of 
contaminated soils and sediments; treatment and management of 
metal-contaminated soils, sediments and wastes; bioremediation; 
physical, chemical and biological treatment of wastewater; and 
biological treatment of air. She can be reached at mulligan@
civil.concordia.ca 
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Effect of Climate Change 
on Landslide Behaviour
by Lyesse Laloui, Ph.D., P.E., Alessio Ferrari, Ph.D., P.E., A.M.ASCE, 

and John Eichenberger, P.E., M.ASCE

Landslides represent a major threat to human 
life, constructed facilities, and infrastructure in most 
mountainous regions of the world. Considering future 
climate scenarios and modified precipitation patterns, 
landslide activity will most probably change too. Shallow 
slips and debris flows will likely take place more frequently 
as a consequence of more extreme weather events.

In Switzerland, for example, although no trends are yet 
evident, annual rainfall totals for stormy events and their 
intensity, especially in fall, spring, and winter, appear to be 
increasing so that some precipitation will fall as rain rather 
than snow at higher altitudes. Consequently, the occurrence 
of shallow landslides in steep mountainous slopes will 
increase. At higher elevations, climate change will continue 
affecting glaciers and permafrost soils substantially. Glacial 
retreat and the melting of permafrost will cause more 
landslides, debris flows, and rock falls to occur.

Future Improvements in Predicting 
Unstable Slope Behaviour

While landslide researchers confront questions about 
the future impacts of climate change, they are particularly 
motivated by the observed and steady increase of the 
damaging effects which landslides exert. These effects 
are mainly due to increases in demographic density, 
infrastructure, and human activities in many landslide-
prone areas around the world.

Within the landslide scientific community, geotechnical 
engineers strive to understand soil behaviour in its setting 
and propose solutions to minimise the economical and 
social impacts of slope movements (Figure 1). Increasing 
emphasis is being placed on developing reliable predictive 
tools capable of forecasting the behaviour of landslides, 
such as velocities and the time to failure of a slope, and 
on understanding and modelling failure initiation and 
landslide propagation. In the future, these predictive 
tools could be integrated into early warning systems to 
substantially improve the quantitative assessment of 
landslide risk.

These issues, along with efforts to quantify the effects 
of global climate change scenarios on landslide hazard 
and risk in the future, are currently being addressed 
by 25 European research entities within the European 
Commission project “SafeLand: Living with landslide 
risk in Europe” (www.safeland-fp7.eu). Reliable landslide 
modelling and prediction tools are especially important 
for climate change problems because the anticipated stress, 
precipitation, and groundwater conditions may be outside 
of the observed range for a particular region.

Climate change may impact all of the 
hydro-mechanical processes acting to 
destabilize slopes.

Physically based models often try to reproduce 
the complex hydro-mechanical coupled processes in 
geomaterials. For landslide problems, these models, in 
many cases, allow a better understanding of the slope 
behaviour and can simulate failure mechanisms accurately. 
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Figure 1. Climate change and increased human activities in 
landslide-prone areas will increase the risk of  landslides in 
many regions around the world. 



Their accuracy, however, depends on using realistic 
boundary conditions and material parameters. Approaches 
available for improving the models and making them more 
flexible include using empirical relationships and selecting 
input parameters based on back-calculation. 

Additional improvements can be achieved by 
incorporating input from continuous landslide monitoring 
to help improve and offer new possibilities for studying 
the time-dependent behaviour of potentially unstable 
slopes. And while not yet a part of standard design practice, 
application of statistical predictions using larger, higher 
quality datasets and tools, such as artificial neural networks 
or auto-regression techniques, should offer additional 
improvements. As such, mixed models with soft and 
hard computing components will certainly be a focus of 
attention in coming years.

Understanding Soil Behaviour in Variable 
Environmental Conditions

Commonly, two flow regimes are encountered in natural 
slopes: deep flows, most often parallel to the slope surface 
with possible complex bedrock interactions; and superficial 
flows with capillary pressures or positive, compressive pore 
water pressures controlled by rainfall. Rain infiltration 
and hydrologic conditions influence the occurrence and 
type of landslide triggering mechanisms. In general, slope 
behaviour depends mainly on the rainfall intensity and 
duration, on soil hydraulic and mechanical characteristics, 
on the thickness of the sliding mass and on antecedent 
weather conditions. Climate change may impact all of the 
hydro-mechanical processes acting to destabilize slopes. 
These processes include:

• degree of saturation:  The degree of   
 saturation of the upper soil layer   

 increases, thereby reducing the capillary  
 tension between the soil particles which  
 weakens the slope;

• flow within soil:  Due to the mobilized  
 fluid flow inside the soil matrix, the fluid  
 exerts a destabilizing, downhill frictional  
 drag;

• rainfall intensity:  If the rainfall intensity is  
 higher than the capacity of the soil to  
 dissipate the pore water, surface run-off  
 occurs, risking slope erosion; and

• infiltration:  Depending on soil   
 permeability and on the intensity and  
 duration of rainfall, infiltration could  
 lead either to shallow slides or debris  
 flows in the vadose zone, or time-delayed,  
 deep-seated failures due to mounding of  
 the water table.

Experience has shown that in many shallow landslides, 
unsaturated conditions must be explicitly considered to 
explain the landslide phenomena observed. Climate change 
may cause changes in temperature, precipitation, and 
overall ground water levels which all play an important 
role in unsaturated soil mechanics. Figure 2 illustrates the 
importance of unsaturated soil behaviour in a landslide. 
Increasing saturation during infiltration along with the 
suction reduction depends on the retention properties of 
the material. At the same time, the degree of saturation 
determines the permeability of the soil, affecting the 
flux into the partially saturated medium. Additionally, 
suction has an influence on the mechanical response of 
the material, both in terms of shear strength variation and 
volumetric response. Porosity variation can in turn change 
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the hydraulic properties of the soil, inducing changes in 
permeability and retention properties.

Consequently, the geotechnical framework needs 
two interconnected components – one component for 
the mechanical behaviour of the material and one for 
hydraulic behaviour of the material in generally saturated 
and unsaturated conditions. To efficiently include suction-
induced mechanical and hydraulic phenomena (volumetric 
behaviour, strength, and retention capability), the 
generalised effective stress concept must be adopted:

σ′  = effective stress
σ  = external stresses
Sr = degree of saturation, varying from 0 to 1
s =  capillary stress (suction)

Thus, the mechanical and hydraulic behaviours are 
intrinsically related through the suction and the degree 
of saturation. On the constitutive level, the stress-strain 
relationship is coupled to the retention curve by means of a 
suction-dependent preconsolidation pressure. This coupling 
enables suction-dependent soil compressibility and peak 
shear strength to be accounted for, and pore collapse via 
plastic compression upon wetting under a high mechanical 
load (Figure 2).

Modelling the Onset of Rainfall-Induced 
Landslides

For simulation purposes, hydro-mechanically coupled 
constitutive models are commonly integrated in finite 
element codes (Figure 3). Thus, the effect of rain infiltration 
on slope stability can be simulated in a time-dependent 
analysis to consider the effects of changes in precipitation 
and moisture regime due to the effects of climate change. 
Stresses and strains within the deformable solid matrix 
and pore pressures and water flow in the liquid phase 
are computed simultaneously. Unlike classical limit 
equilibrium methods, finite element analysis of landslide 
initiation show the progressive development of plastic 
strains within the whole soil mass as water infiltrates from 
the slope surface into deeper soil layers. 

Advanced constitutive models within the critical 
state framework allow refinement of the deformation 
analysis. Volumetric deformations due to wetting (i.e., 
wetting collapse of the soil structure) can be spatially 
and temporally distinguished from shear deformations. 
Together, distinct conclusions can be drawn regarding 
the formation of failure mechanisms, possible types of 
instability and the effects of environmental change with 
time.

Obviously, the determination of material parameters 
in such coupled hydro-mechanical models when partial 

saturation is considered 
requires additional lab testing. 
The proper consideration of 
the unsaturated states of the 
soil implies that the material 
is tested under suction 
control (Figure 4). To this 
end, considerable efforts and 
improvements have been 
made within the past 20 
years to develop experimental 
equipment and techniques 
to properly control suction 
during testing and to evaluate 
the volume variation of the 
materials tested.

Towards 
Computationally-
Enhanced Prediction 
Tools

Many phenomenological 
or semi-physical based 
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Figure 3. Modelling procedure: (1) Material properties, boundary and initial conditions are 
defined. (2) Evolution of state variables are observed. (3) Calculated shear strains delineate a 
mechanism at the onset of failure.

σ′ = σ + Srs
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models have been developed at regional and slope scales 
associating slope failure to local threshold values with 
respect to rainfall intensity and duration. Some methods 
interpret directly monitoring data to predict time to 
failure or velocity increase. A major drawback of these 

phenomenological models is their reliance on surface 
measurements of velocities, as well as on time-constant 
boundary conditions to predict failure. Other methods, 

such as back-propagation algorithms or neural network 
tools, are more useful in that case. Artificial neural network 
tools have proven to be efficient for forward calculations of 
slow-moving landslides.

However, these networks, which are trained with 
test data sets from past measurements, are incapable of 
predicting sudden acceleration originating from changing 
physical soil properties. Thus, it would be very interesting 
to overcome this drawback by introducing a deterministic, 
mechanical-based model which takes into account the 
complex hydro-mechanical and time-dependent processes 
in landslides. Inversion is one approach for improving 
input parameters for these types of analyses whereby the 
model is run “in reverse” to find the set of input parameters 
that result in the prediction that most closely matches the 
behaviour measured in the field. In this way, computational 
tools can be calibrated using real-time soil parameters to 
improve the quantitative predictions of the models.

The use of models that can be updated as more 
observational data become available will help calibrate 
and interpret problems that, as a result of climate change, 
may have hydro-mechanical conditions outside of 
previously observed ranges. Ways of coupling the hard-
computing geomechanical model with the soft-computing 
component are under development (Figure 5). Assuming 
that the hydro-mechanical model captures the key physical 
mechanisms, it needs appropriate initial conditions and 
carefully calibrated material parameters to make accurate 
predictions.

The geomechanical parameters could be calibrated by 
the use of a soft-computing tool which takes into account 
historic data sets as well as lab test results, depending on 
the parameter to calibrate. The calibrated parameters are 
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Figure 5. Coupled soft and hard computing tool for the predic-
tion of landslide behaviour.

Figure 4. Examples of advanced testing facilities for the hydromechanical behaviour of soils in unsaturated conditions: (a) experimental 
layout for the application of the axis translation technique in triaxial cells; (b) sorption bench for the determination of the water 
retention curves in wide suction ranges.
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inserted into the hydro-mechanical 
model which then performs a 
forward prediction based on the 
monitoring input data at time t

0. If 
the forward prediction corresponds 
to the monitoring data at time t1, 
the model performs accurately and 
may continue with the predictive 
calculations. If this is not the case, 
the parameter calibration needs to be 
improved in an admissible range. A 
second calibration step is performed 
then which takes into account the 
recent monitoring data.

Looking Forward

With the advancements in 
constitutive modelling of soils and 
the predictive numerical capabilities 
at hand, it is possible today to 
evaluate the possible effects of climate 
change scenarios on slope behaviour. 
The advanced understanding of 
physical key mechanisms in landslide 
triggering and run-out combined 
with up-to-date real-time monitoring 
techniques will certainly help increase 
the reliability of predictive tools in 
the future. Still, big challenges remain 
in developing such integral predictive 
tools and increasing the quality of 
quantitative predictions.
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Effects of Climate Change on Mine 
Waste Disposal in the Arctic

By Bruno Bussière, Ph.D., P.Eng. and Don W. Hayley, P.Eng., FEIC

  lanning, permitting, constructing, and operating a mine 
are always complex, but are even more challenging under 
arctic conditions. Mine sites are rarely easily accessible, 
with planning and scheduling limitations determined by 
aircraft, winter roads, or ice-free sea lift. Mine infrastructure 
designs must accommodate an environment where 
permafrost and ice are key elements that control properties 
of the natural materials. High arctic locations mean that 
the mine operators must deal with some unusual weather 
conditions - 24 hours of daylight during summer months, 
winter months in total darkness, and temperatures that can 
plummet to -40°C without considering wind chill factor.

Recent studies show that climatic warming trends 
are more severe at higher latitudes, and regional data 
from Northern Canada show that the mean annual air 
temperatures are mostly affected by warmer-than-normal 
winter conditions. Precipitation is expected to increase 
across Northern Canada, particularly in winter. These 
changes affect how mining companies operate in these 
regions. For example, structures that rely on permafrost and 
ice for long-term stability can be at risk if design processes 
do not address future uncertainty from changing climatic 
conditions. The development of an effective strategy for 

mine waste management and reclamation is one of the 
most important elements affected by climate changes.

Mine Waste Management

Both open pit and underground mines are common in 
the Canadian Arctic. Mining operations usually include 
ore processing installations and surface infrastructure to 
support resupply transportation and accommodations. In 
turn, the mining and milling methods for each particular 
ore body influence the nature and amount of wastes that 
are generated. These wastes include any overburden soils 
excavated to reach the minerals located in the rock mass, 
the waste rock that has no economical value but which 
must be withdrawn to reach the ore, and the tailings (a 
mixture of finely ground rock and process water discharged 
from the plant). Safe disposal of tailings and waste rock is 
one of the most important environmental challenges for 
the mining industry.

Geochemical challenges related to physical and chemical 
stability can occur in both waste rock piles and tailings 
storage facilities. Exposing sulphides to atmospheric 
oxygen can acidify the water (a phenomenon known as 
acid mine drainage, or AMD), increasing the solubility of 
various elements in the host rock. The rate of oxidation 
is a function of different factors including oxygen supply, 
temperature, pH, bacterial activity, mineral surface area, 
and crystallography. The chemical composition of mine 
drainage also depends on other minerals present in the rock 
that can react and neutralize the acid generated.

The traditional approach to tailings management is to 
deposit them as a slurry into impoundments created by the 
construction of perimeter dams (Figure 1). These tailings 
basins are much less desirable in arctic Canada and are 
often considered unfeasible in new mine planning. Waste 
rock is basically composed of coarse-grained materials 
that are, in most cases, hauled to the surface and disposed 
of in stock piles. Different methods for managing waste 
rock placement (Figure 2) produce different degrees 
of compaction and grain size distributions that can 
have significant effects on the internal distribution and 
movement of water and gases.
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Figure 1. Conventional slurry deposition of tailings.
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Arctic Influence on Mine Waste 
Management

Disposing of waste rock in arctic conditions is not 
dissimilar to the other climatic conditions (Figure 2). 
The high porosity of dump materials favour the flow of 
fluids (water and air) inside the structure, which may in 
turn promote the development of AMD when reactive 
(sulphide) minerals exist in the exposed waste rock. The 
oxidation of sulphide minerals depends mainly on the 
availability of oxygen in the pile. Research efforts are just 
beginning to understand the effects of cold winter air 
temperature on waste rock pile behaviour.

For example, recent research projects performed in 
Canada’s Northwest Territories suggest that wind-induced 
air flow through waste rock pile has the potential to be a 

significant mechanism of O
2 transport, similar 

in magnitude to other mechanisms such as 
diffusion and convection, which are considered 
to be the main mechanisms in temperate 
climates. Data collected also showed the 
presence of air convection cells during winter 
months that reduce the temperature in the pile 
and within the underlying permafrost. In this 
instance, this temperature reduction is beneficial 
for the long-term physical and geochemical 
stability of the pile.

Design of dams and dykes for water control 
and retention of tailings in permafrost regions 
must recognize the thermal sensitivity of 
foundation soils. Reservoir impoundment over 
permafrost will initiate retrogressive thaw that 
can result in underseepage, with the extreme 

condition being a piping failure through the foundation. 
The design of dams must be optimized and thaw-stability 
predicted using state-of-practice geothermal modeling that 
confirms the foundation will remain frozen throughout the 
useful life of the structure.

The climatic parameters that are adopted for thermal 
modelling must use the best available prediction of climate 
that will prevail throughout the useful life and at the point 
of decommissioning. These values are currently obtained 
from a combination of regression analyses from historical 
data and appropriate use of Global Climate Models 
(GCM’s). The design must also be tested for extreme 
climatic conditions using a realistic annual exceedance 
probability (AEP).
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Figure 2. Conceptual representation of a waste rock pile showing internal 
structure.

Figure 3.  Typical lined rockfill 
dam on ice-rich permafrost 
foundation with thermosyphons, 
Ekati Diamond Mine 
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Substantial progress has been made in developing 
design methods for cold region dams and dykes. Figure 3 
shows a typical design for a rockfill dam with geosynthetic 
liner on a permafrost foundation. This design includes 
passive heat transfer devices in the foundation to enhance 
the overall heat balance and offset any effects that might be 
attributable to climate warming.

Traditional tailings impoundments (with containment 
dykes) are being replaced by new tailings management 
approaches in both temperate and arctic climates. The 
primary reasons for the shift in strategy include:

• discharge of surplus water must meet more   
 stringent criteria set by regional water boards,

• suitable headwater lake basins are seldom   
 available in either mountainous regions or heavily  
 glaciated interior plateaus,

• the stringent no-net-loss policy of the Canadian  
 Fisheries Act applies to developments that remove  
 lakes from valued fish habitat, and,

• climate change causes significant complications to  
 design, construction, and abandonment of   
 containment dams in regions of permafrost.

An alternative solution is to remove as much of the 
surplus process water at the plant before the tailings are 
deposited. This technology, called dewatered or densified 
tailings, allows the material to be deposited as either a 
paste or a cake that can be trucked, spread, and compacted 
into what is often referred to as “dry stack” (Figure 4). 
The main advantages of densified tailings are reduction or 
elimination of water retention dams and simplification of 
site reclamation. The disadvantages are higher operating 
costs for deep cone thickeners or pressure filters or both. 
These costs can often be more than offset by substantial 
reduction in both dam construction cost and reclamation, 
in addition to the environmental advantages.

Reclamation Methods to Control 
Environmental Effects

A mine site that is categorized as acid-generating requires 
appropriate reclamation measures to avoid environmental 
effects. In temperate climates, several common techniques 
have been used to limit the environmental impacts of AMD 
from mine tailings or waste rocks. These techniques usually 
consist of eliminating water or oxygen (or both), two 
essential components of oxidation reactions, using water 
or soil covers. Arctic mines have a cold climate advantage 
that can retard geochemical reactions. Studies have shown 
that microbial activity (involved in the sulphide oxidation 
reactions) is nearly absent at temperatures below 0°C, and 
that temperatures below -5°C limit sulphide oxidation.

Permafrost can be used as an effective barrier to flow of 
both moisture and air within the pores of waste products.  
An engineered cover of granular material is the most 
common non-submerged cover system for arctic mines. 
The function of the cover must be clearly established at 
the design and analysis stage.  Typical criteria that must be 
considered include:

• sufficient thickness to establish a long-term active  
 layer within the cover over permafrost tailings,

• elimination of moisture transport or material   
 pumping within near surface tailings by freeze- 
 thaw cycling, and

• restriction of surface water or air inflow that may  
 initiate chemical reaction or seepage egress from  
 the deposit.

Cover designs require extensive analysis followed by 
instrumented trials before they can be accepted for final 
design. Every arctic mine has different requirements and 
limitations that will control construction options.

A well-developed reclamation plan for mine waste 
deposition areas must look well into the future to provide 
realistic assurance of long-term performance following 
site abandonment. This typically requires a prediction 
of climate changes that could affect the fundamental 
assumptions controlling performance. The greatest risk 
is usually attached to prediction of permafrost thaw. An 
increasing trend in mean annual air temperatures at an 
arctic site will result in progressive thickening of the active 
layer.

Those predictions require that the designer adopt a 
climate prediction from one of a number of available 
GCM’s that are currently used in North America. The most 
appropriate model for a particular site will vary depending 
upon drivers of micro-climatic effects such as proximity 
to oceans, major valleys, and mountains. GCM scenarios 
typically look out 100-150 years, although the reliability 
of predictions beyond a century or so are questionable. 
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Figure 4.  Deposition of densified tailings into a dry stack 
deposition area.



At the end of the prediction period, 
potential failure modes need to be 
evaluated along with the severity of 
their effects.

Other factors that are part of the 
arctic climate, such as snow and rain, 
as well as the timing and intensity of 
spring fl oods, must also be carefully 
considered when developing the 

reclamation strategy. Reduced 
precipitation rates combined with 
increasing evaporation rates can 
signifi cantly alter the overall water 
balance, affecting the performance of 
the selected reclamation scenario.

Planning for Change is 
Essential

Mining in the arctic requires 
much greater attention to climatic 
uncertainty because the permafrost 
ground will respond to small changes 
in air temperature, water cover, and 
snow accumulation. The predicted 
warming trends for all emission 
scenarios are the greatest in arctic 
regions, with the autumn and winter 
seasons consistently showing the 
greatest changes.

The mine planning components 
most affected are waste management 
and reclamation strategies. 
Permafrost stability is at risk from 
retrogressive thaw across all arctic 
regions. Containment structures 
that have been designed for current 
Canadian Climate Normals should be 
reassessed using best-practice models 
with climate parameters developed 
from appropriate GCM predictions. 
A mine with waste materials from 
sulphide-rich ore combined with 
thermally sensitive permafrost site 
conditions makes them particularly 
vulnerable to adverse long-term 
environmental effects. Those sites 
require a reclamation strategy that 
brings together a focused research 
plan, early demonstration testing 
and in-depth arctic engineering 
experience.
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Chair on Environment and Mine Wastes 
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disposal and reclamation methods for 
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Global warming remains a hot topic despite recent 
interruptions from flaming finances in Greece and troubled 
oil on Gulf waters. Citizens on the fringes are arguing 
their various positions as scientists continue to define and 
collect new evidence for warming. The Arctic sea icecaps 
are melting, permafrost no longer is permanent, and 
people are coming to grips with the possibility that polar 
bears may eventually keep company with mammoths 
and saber-toothed tigers. Through all of the mounting 
furor, governments are slowly grasping the concept and 
acknowledging a concern, as engineers remain somewhat 
mystified and ponder what they can do about it.

The Pleistocene history of the earth shows that climate 
change is nothing new, as soil strata reveal at least 
four periods of continental glaciations, and every one 
culminated in a brief episode of global warming. Without 
the latest warming, much of North America would remain 
encased in ice. Details of times and temperatures are further 
revealed by studies of ice cores from surviving glacial 
remnants in Greenland and Antarctica. 

The driving force for global warming appears to be 
regular cycles in the earth’s tilt and orbit, but those effects 

must be greatly amplified by positive feedback from 
various sources to cause significant warming, in particular 
a blanketing effect of atmospheric gases such as methane 
and CO

2. It’s when the human element and finger pointing 
come into play that emotions erupt and join the heating 
cycle. 

The current episode of warming began around 1850, 
which coincides with the start of the Industrial Revolution. 
That may be what brought Earth out of the “Little Ice 
Age,” a difficult time when crops failed and life was 
locally very difficult. Afterwards, populations increased, 
and the demand for more energy and the amount of CO

2 
released from burning fossil fuels increased, and will 
continue to increase in the foreseeable future. So far, ocean 
temperatures show only a slight increase, probably less 
than 1° C, but even a modest change such as that created 
by an El Niňo can churn up evaporation so it inspires new 
and troubling weather events around the world. There is 
considerable evidence that atmospheric CO

2 and other 
gases contribute to higher global temperatures, so engineers 
should try and work towards practical and sustainable 
solutions.
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Geo-Global Warming…Is It Going 
Too Far This Time?

By Kord Wissmann, Ph.D., P.E., D.GE., M.ASCE, Richard L. Handy, Ph.D., M.ASCE,
John Hildreth, Ph.D., A.M.ASCE, and Michael Pockoski, P.E., LEED AP

Figure 1.  Historical temperature and CO2 fluctuations (courtesy 
of National Climatic Data Center).

Figure 2.  Population/temperature change (courtesy of Robert A. 
Rohde).
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Green Geo-Construction?

“Geo-construction” can include excavations, 
earthmoving, pile driving, soil nails, tunnel liners, 
pavements, soil improvement, etc., nearly all of which 
involve the use of heavy, energy-gulping equipment that 
makes a lot of noise and spews out CO

2, which can have 
some significant negative side effects. Portland cement 
concrete is instrumental in modern life, but manufacturing 
a ton of Portland cement also releases a ton of CO

2. In 
the U.S. alone, about 45 million metric tons of CO2 are 
released every year from the production of cement.

By comparison, manufacturing a ton of steel produces 
about 1.25 tons of CO2. Burning a ton of coal to make 
electricity releases about 2.9 tons of CO2. Natural gas does 
a bit better as gas combustion produces about half as much 
CO2 as coal. These figures are absolute, being arrived at 
from a consideration of molecular weights. Burning fossil 
fuels opens a Pandora’s box for carbon that has been 
sequestered in rocks for millions of years of geological time, 
and it will be virtually impossible for the huge quantities 
of CO

2 to all be put back. Most of the CO2 will go in the 
oceans, where the already lowered pH may be a first step 
towards dissolving coral and creating naked shellfish.

There may appear to be few choices, but nevertheless 
there are some choices, and engineers can help to make an 
evaluation by asking, “Which (if any) processes are more 
sustainable?” Some clues can be obtained from the U.S. 
Green Building Council (USGBC) that has given guidance 
for obtaining Leadership in Energy and Environmental 
Design (LEED) certification. Fairly obvious ways that 
geo-engineers can contribute towards a project’s LEED 
accreditation include:

• SS Credit 5.1 – Use geo construction    
 methods for site development that conserve   
 natural areas (or restore damaged areas)   
 to provide habitat and to promote bio diversity.

• MR Credit 2 – Keep construction waste out of   
 landfills.

• MR Credit 4 – Use materials that are recycled and  
 thus reduce the demand for new materials.

• MR Credit 5 – Use local materials rather than   
 shipping goods significant distances, to reduce the  
 carbon footprint for material transportation.

While these procedures make good sense, much more 
can be done. In addition to focusing attention and analysis 
on cost, safety, timing, utility, and convenience, additional 
criteria to help evaluate which options are “greener” can be 

added. For example, what would be a “greener” choice, 
over-excavating, replacing and hauling away undocumented 
fill soil, or driving piles through the fill? What would be 
greener, slab-on-grade or a structural slab, and how will that 
affect requirements for structural grade beams?” USGBC’s 
LEED system helps point us in the right direction, but does 
not show us how to get such answers.

A Green Calculator

Engineers typically add value to projects with 
quantitative analyses and value assessments. They develop 
methods to investigate, quantify, correlate, analyze, 
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Figure 3.  Pile driving with steel pipe piles.

Figure 4.  Recyclable construction materials decrease 
construction waste by using reclaimed aggregates such as 
recycled concrete and contribute to USGBC Materials & 
Resources credits.
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calculate, and arrive at definitive solutions, then filter 
those solutions using engineering judgment to provide 
recommendations and design documents. “Sustainability 
assessments” would add value to the process. Even a little 
concern coupled with positive action can enhance green 
engineering.

A “green calculator” can

• list machines and materials required for a job;

• estimate the quantity of each material, which is  
 needed anyway for cost estimates;

• assign book values of CO
2 generation for each  

 material. The book values are established through  
 research or found in literature. An example is the  
 ton of CO

2 to produce a ton of Portland cement;

• estimate transportation distances and   
 equipment requirements to deliver each material  
 to the jobsite. Multiply travel distances by trucking  
 fuel consumption rates to obtain estimates of CO2  
 emissions related to material delivery;

• calculate the fuel consumption, which also is   
 normally done as part of a cost estimate, and CO2  

 emissions for each piece of geo-construction   
 equipment;

• sum the contributions to CO2, which is readily  
 done with a spreadsheet. Some components can  
 be disregarded because they have a relatively small  
 carbon footprint. An example is energy costs   
 embodied in fabrication and maintenance of the  
 construction equipment; and

• compare the results to ascertain which option has  
 the least deleterious effect. This allows for a   

 quantative assessment, for example, the   
 sustainability of deep foundations such as driven  
 pilings versus soil improvement such as aggregate  
 pier reinforcement.

There’s a Better Way. Go for Greener 
Options

There is an understandable reluctance to accept global 
warming, just as at one time there was an understandable 
reluctance to accept the scientific view that the earth is not 
flat. The LEED rating system is a first step and provides a 
holistic means of seeing how geo-construction processes fit 
into a bigger picture. Carbon calculations can add to this, 
are direct and simple, and mesh into current practice to 
provide a means to quantify our decisions.  But this isn’t 
just about adding up carbon; it’s about trading traditional 
concrete and steel construction materials for greener 
methods.

Kord Wissmann, Ph.D., P.E., D.GE., M.ASCE, is president 
and chief engineer of the Geopier Foundation Company located 
in Charlotte, NC. He can be reached at kwissmann@geopier.
com

Richard L. Handy, Ph.D., M.ASCE, is distinguished professor 
emeritus with the Department of Civil, Construction and 
Environmental Engineering at Iowa State University in Ames, 
IA. He can be reached at rlhandy@iowatelecom.net

John Hildreth, Ph.D., is assistant professor in the Department 
of Engineering Technology and Construction Management at the 
University of North Carolina Charlotte in Charlotte, NC. He 
can be reached at John.Hildreth@uncc.edu

Michael Pockoski, P.E., LEED AP, is lead engineer Eastern 
Division for the Geopier Foundation Company in Charlotte, NC. 
He can be reached at mpockoski@geopier.com   
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Figure 5. Green 
calculator example: 
comparison of auger 
cast piles and ground 
improvement.
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The Academy of Geo-Professionals (AGP) has almost 
reached the end of its second year.  What has happened in 
these two years?  The short answer – a lot!  The long answer 
could fill up several pages of the magazine, so we’ll just 
touch on some of the highlights. AGP has: 

• Developed a Body of Knowledge, 

• gained marketplace exposure at geotechnical   
 conferences in Orlando, Asheville, Kansas City,  
 Hershey, West Palm Beach, and Bellevue,

• conducted four induction ceremonies (all the   
 above cities except Asheville and Kansas City)   
 in less than 18 months, 

• enhanced the AGP website at    
 www.geoprofessionals.org and,

• over 175 individual geo-professionals who have  
 earned their Diplomate, Geotechnical Engineering  
 (D.GE) credential (pronounced dĭp’lə-māt’) 

These 175 highly-accomplished geotechnical engineers 
have shown leadership and commitment to their profession 
by applying for the D.GE credential. As AGP President Arlan 
Rippe so eloquently stated, “They’ve planted a seed 
knowing that they may never benefit from the shade of the 
tree”.  It’s qualities like this that make those who obtain the 
D.GE so important to the civil engineering profession and 
to society as a whole.  The Diplomates that make up the 
Academy are the true “highlights”.  A list of the current 
Diplomates can be found on AGP’s website: http://content.
geoprofessionals.org/diplomates.html

What lies ahead for the Academy?  
AGP currently envisions moving from a voluntary, post-

licensure credential to one that will be recognized by those 
hiring the services of geotechnical engineers. This will 
benefit current D.GE’s, future D.GE’s, and ultimately the 
geo-profession and the general public. It will also aide 
ASCE’s Vision 2025, as well as Policy 465. 

The Fourth Induction Ceremony
AGP held its fourth induction ceremony on August 1, 

2010 in Bellevue, WA. The ceremony preceeded the opening 
reception of Earth Retention 2010 (ER2010) – the third in a 
series of conferences about earth retaining structures 
organized by the Earth Retaining Structures Committee of 
the Geo-Institute. This marks the first time an induction 
ceremony has been held on the West Coast. The invited 
inductees included those who were unable to attend any     
of the first three ceremonies, in addition to the newly 
approved Diplomates. Beginning next year, AGP will hold 
induction ceremonies annually, with the 2011 induction 
ceremony to be held at Geo-Frontiers in Dallas, TX in 
March. Many of the 175 Diplomates inducted into the 
Academy have not been asked to take an oral exam.  This 
requirement is currently being waived for many of the 
geotechnical engineers who have more than 25 years of 
experience.

More information about GeoFrontiers 2011 can be 
found at www.geofrontiers11.org.
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AGP Wraps Up Second Year 
in Bellevue, WA

By:  AGP Staff

(L to R) Jesus Gomez, Dwarika Mallick, Donald Anderson, Rich-
ard Finno, Eric Bahner, Harvey Parker, Frank Pita, and Thomas 
Richards receive their D.GE credential in Bellevue, WA
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GeoCurmudgeon: Geoprofessionals of Lilliput, Unite!
By John P. Bachner

I actually toyed with the idea of ending the column with 
the list, because the list says it all. But maybe not in a lan-
guage everyone can understand. Allow me to translate.

First, engineers overlook their many commonalities, pre-
ferring instead to fi xate on what makes them different. “In 
unity there is strength.” Architects, accountants, lawyers, 
physicians…they all get it. And, to advance their cause, each 
group has formed a giant organization to serve as its 
spokesperson, advocate, and bodyguard; not so much a 
Samson (he had a notable loss) as a Gulliver. And engi-
neers? They evidently are content with being Lilliputians. 
Thus, while each engineering group may have a booming 
voice in its theater of operations, the sound each makes on 
the national stage is roughly equivalent to the croak of the 
largest frog in a tiny pond. 

Second, look at what engineers do, then consider what 
would happen if they didn’t do it. Our built environment 
would consist of bird’s nests and rodent holes. Yes: Life 
would be a lot simpler. But meaner. And far less fulfi lling 
for mankind. 

Third, am I the only person who gets this? Don’t others 
realize that, without engineers, mankind would be no bet-

ter off today than it was a hundred-thousand years ago? 
You’re talking about huge, huge potential power. All squan-
dered.

I can understand why technical specialization is neces-
sary. But what about the engineering spokesperson, advo-
cate, and bodyguard? You’d think, realizing what they could 
have, all engineers would be eager to unite to achieve the 
huge benefi ts they all would derive from sharing what they 
have in common. You’d think that each would be gladly 
sacrifi ce a little to create that giant friend. You’d think. 

Fact: Every attempt to do it has met with failure. What 
does that say about engineers?

Don’t give up hope. A few organizations such as ASFE  
and the G-I are now trying to do the previously undoable, 
focusing not on engineering in general, but on those ele-
ments of engineering (in the old-fashioned, non-P.E., tech-
noprofessional sense) that comprise the geoprofessions; a 
pond to be sure, but one that would unite a bunch of pud-
dles. The goal, in large part, is creating the geoprofessional 
self-improvement needed to counter the commoditization 
and marginalization caused by decades of geoprofessional 
indifference and apathy. 
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Many geoprofessional organiza-
tions just can’t seem to get off Lilli-
put. “Will we have to give money?” 
they ask. “And if we do, what are we 
gonna get? And if we’re not going to 
get it during our current fi scal year, 
we’re not interested.” 

Well, folks, this isn’t about buy-
sell. It’s about gaining respect for geo-
professionals by helping them under-
stand that performing a valued service 
involves a lot more than applying 
technology to solve problems. It’s 
about being top-notch consultants; 
about applying professional prin-
ciples to meet peoples’ needs. Some-
times, all that’s required to meet 
those needs is an empathetic nod 
rather than an equation. 

No one is asking any group to re-
linquish its identity. But, we do need 
to unify on certain key points and 
move forward together to achieve a 
purpose we all need to share.

Consider what engineering could 
have. And because it doesn’t have it, 
what it has lost and probably will 
never regain. Now consider what the 
geoprofessions could have and what 
they will attain if they all just start 
getting along and working together to 
achieve common goals and aspira-
tions. Now this question: What are 
you going to do to help? Just turn the 
page?

John P. Bachner is the executive vice 
president of ASFE/The Geoprofessional 
Business Association, a not-for-profi t as-
sociation of geoprofessional fi rms; i.e., 
fi rms that provide geotechnical, geologic, 
environmental, construction materials 
engineering and testing (CoMET), and 
related professional services. ASFE devel-
ops programs, services, and materials that 
its members apply to achieve excellence 
in their business and professional prac-
tices. Contact john@asfe.org   

Geo-Strata is interested in hearing 
from you. Please send your comments 
on this article to geo-strata@asce.org. 
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The OMC Welcomes New Organizational Members

The G-I Organizational Member Council (OMC) welcomes 
Lodex Engineering and The Reinforced Earth Company to 
the G-I’s group of 53 prestigious Organizational Members.

Lodex Engineering Corporation, Highlands Ranch, CO is 
developing cutting-edge data collection hardware units and 
3-Dimensional structural design optimization software. With a 
well-trained team of engineers and focused software developers, 
the company is working to meet the needs of its expanding 
client base through implementing new design techniques and 
expanding the software tools that they offer. The products 
hope to revolutionize and raise the industry standard. Their 
SmartStructure™ Technology allows engineers to accurately 
analyze and monitor structures never before possible.

Reinforced Earth Company, headquartered in Vienna, 
VA, is recognized as the inventor and market leader of the 
Mechanically Stabilized Earth (MSE) retaining wall industry 
and offers retaining wall, sound wall, and precast arch 
solutions that are safe, predictable, and cost-effective. Since 
the invention of Reinforced Earth® 1963, their experienced 
team of professionals has delivered the elements of success - a 
fi rm price, a reliable schedule, predictable construction and a 
commitment to excellence in innovation, design and service. 

What We are Working On

•     Providing recommendations to the G-I Board for 
improving the value of the G-I annual conference to OM 
fi rms. We are working on tracks for G-I’s 2012 annual 
congress that are devoted towards the demonstration of the 
value of geo-engineering services to our clients.

•     The Organizational Member/Student Reception on 
March 13, 2011 from 7:30 pm – 9pm during next year’s G-I 
annual congress – Geo-Frontiers 2011, in Dallas, TX, March 
13-16, 2011.  

•     Increasing the number of OM fi rms to provide a 
larger funding source for student support at G-I annual 
conferences. 

G-I Organizational
Member News
Agra Foundations Acquires Soletanche 
Freyssinet

Nicholson Construction Company announced that 
Soletanche Freyssinet, a world leader in civil engineering 
and construction, acquired Agra Foundations Limited on 
June 25, 2010. Agra Foundations specializes in piling and 
ground improvement. Agra is headquartered in Edmonton, 
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Geo-Institute Establishes 
Organizational Member Council

 he Geo-Institute Board of Governors created the 
Organizational Member Council (OMC) as an outgrowth of 
the numerous recommendations made by the Organizational 
Member Task Force in August 2008. 

The OMC’s mission is to represent Geo-Institute 
Organizational Members’ interests and to provide OMs with 
greater and more relevant value. The OMC currently consists 
of five members, chaired by Kord Wissmann, plus a G-I 
governor liaison, and a G-I staff liaison.

Scott Mackiewicz, P.E., M.ASCE, received his Ph.D. from 
Iowa State University and is currently working as senior 
principal geotechnical engineer at Kleinfelder in Kansas 
City, KS. Scott previously worked as senior geotechnical 
engineer and construction services manager for S&ME, Inc 
in Charleston, SC. His specialties are deep foundations, 
piles, drilled shafts, ground improvement, and wind farm 
foundations. Contact Scott at smackiewicz@kleinfelder.com.

Randy Neuhaus, P.E., is the president of S&ME, Inc.in 
Raleigh, NC and vice chair of ASFE’s Emerging Issues and 
Trends Committee. He has been very active in professional 
organizations, serving in responsible positions in state and 
national engineering associations. He earned his degree in 
civil engineering from the University of Oklahoma. Contact 
Randy at RNeuhaus@smeinc.com.

 
Swaminathan Srinivasan, P.E., known to most as Vasan, 

is a highly-regarded associate member with HC Nutting/
Terracon in Cincinnati, OH. Heading the geotechnical 
engineering group in the firm’s service area, he is considered 
a hands-on engineer and the facilitator to see for a safe 
project. Contact Vasan at ssrinivasan@terracon.com.

O. Chris Webster, P.E., F.ASCE, senior associate and 
branch leader is the Office Manager for Schnabel Engineering 
in Charlottesville, VA. Chris is also involved with Engineers 
without Borders and was past president of the Blue Ridge 
Chapter of ASCE’s Virginia Section. He received his M.S. 
Civil Engineering from Virginia Tech and his B.S. in Civil 
Engineering from the University of Virginia.  Contact Chris 
at owebster@schnabel-eng.com.

Kord Wissmann, Ph.D., P.E., M.ASCE, is president 
and chief engineer of the Geopier Foundation Company 
in Mooresville, NC. He is actively involved with the Geo-
Institute and is chair of the OMC and past chair of the 
Organizational Member Task Force. He has undergraduate 
and graduate degrees in civil engineering, including a B.S. 
from Virginia Tech, an M.S. from University of California-
Berkeley and a Ph.D. from Virginia Tech. Contact Kord at 
kwissmann@geopier.com

Linda Bayer, IOM, is the manager of the Geo-Institute 
in Reston, VA and the facilitator of the OMC. Linda serves 
as the Geo-Institute liaison to the OMC. Reach Linda at                        
lbayer@asce.org.

Billy Camp, P.E., works for S&ME in Charleston, SC and 
is a Geo-Institute governor. Billy is the OMC liason to the 
G-I Board of Governors. Contact Billy at bcamp@smeinc.com.

The first task assigned to the OMC is fostering increased 
interaction between G-I Organizational Members, professors, 
and students. To meet that goal, the Geo-Institute will be 
hosting an Organizational Member/Student social event as 
part of the GeoFlorida conference on Sunday, February 21, 
2010 from 5:00 pm to 6:00 pm. The Geo-Institute, following 
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Webster, P.E., Schnabel Engineering, Inc.
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Alberta, and primarily operates in Western & Central 
Canada, where it has six locations. Agra Foundations 
will continue to operate as an autonomous company, 
under the leadership of their President, Derek Harris, 
P.Eng, a 28 year veteran of the company. According to 
Nicholson President Andrew Walker, “The acquisition 
of Agra Foundations into the Soletanche Freyssinet 
Group continues our strategic plan for expanding 
our geotechnical construction services and expertise 
throughout North America.”  Nicholson also opened new 
offi ces in Austin, TX and Overland Park, KS.

Alizadeh Becomes Chairman Elect of ACEC/MO  

Edmond D. “Ed” Alizadeh, P.E., Esq., President and 
CEO of St. Louis-based Geotechnology, Inc., was elected 
Chairman-Elect of the Board of Directors of the American 
Council of Engineering Companies of Missouri (ACEC/
MO) for 2010-11. He has served as vice chairman of 
the Board since 2008. ACEC/MO is a state association 
of more than 100 of Missouri’s leading engineering 
companies whose main goal is the economic “bottom 
line” welfare of all engineering companies.

Fugro Integrates Geotechnical Services in 
North America

Fugro announced the integration of its North American 
operations serving the geotechnical needs of onshore and 
nearshore projects. As Fugro Consultants, Inc., the group 
operates from 30 offices located along all three coasts 
and in major metropolitan areas. The resources of Fugro 
West, Fugro Atlantic, Fugro William Lettis & Associates, 
Risk Engineering, and LoadTest USA will be part of Fugro 
Consultants serving clients throughout the Americas 
and abroad. With this change, the company streamlines 

client access to technical and 
project management services for 
complex assignments, including 
international projects of U.S. based 
firms. Senior leadership for Fugro 
Consultants, Inc. will be provided 
by Joseph M. Cibor, president; 
Timothy N. Dunne; William 
R. Lettis; and John A. Wooley. 
Regional and local offices continue 
to operate with their current 
staff and management, but with 
the added resources of the larger 
organization.

CONTECH Announces 
Agreement with JM Eagle

CONTECH Construction Products 
Inc. entered into a strategic 
agreement with JM Eagle, which is 
a strong fi t for both companies and 

will give CONTECH access to Eagle Corr PE™, JM Eagle’s 
premier corrugated polyethylene pipe products in the U.S. 

“We are excited about the opportunity to be working with 
JM Eagle, a company with a world class reputation,” said 
Ron Keating, CONTECH president and CEO. “The value of 
gaining access to these products enhances the product line 
we offer our customers and further positions us as a market 
leader in the drainage industry.”

EarthTec Supports NJ’s Efforts

A dozen highway projects underway in New Jersey will 
incorporate walls or wall-related materials from EarthTec, 
the subsidiary of GeoStructures that specializes in the 
design and supply of mechanically stabilized earth 
(MSE) walls. “New Jersey has two of the top five busiest 
toll roads in the country, and construction has a large 
impact on commuters and the ability to deliver goods 
and services,” says Eric Hilberath, national sales director 
for EarthTec. “To minimize this, we provide highway 
builders with complete wall systems and expertise that 
keeps a project on schedule.”   

GeoStructures Presented Case Study 
International Micropile Society Conference

GeoStructures completed foundation reinforcement of 
Pennsylvania’s Kinzua Bridge in the effort to restore the 
historic structure as a tourist attraction. Installation of 
tension micropiles increased lateral load resistance of the 
remaining sections of the former railroad bridge that was 
partially destroyed by a 2003 tornado. 
            

“Micropiles are one of the more versatile structural 
foundation systems in that they can support existing 
or new foundations, can be installed in difficult access 
situations and can resist both tension and compression 
forces,” says Jon Bennett, GeoStructures Micropile 
specialist who oversaw the micropile design. He 
presented the project details during the the International 
Society for Micropiles conference, September 22-25, 2010, 
Washington, D.C.
            
Terracon and Midwest Testing Laboratory, Inc. 
to Expand Services in North Dakota

Terracon Consultants, Inc. recently acquired Midwest 
Testing Laboratory, Inc. (Midwest Testing), a firm 
providing geotechnical engineering and construction 
materials engineering and testing services. Midwest 
Testing has offices in Fargo, Bismarck, Grand Forks, 
Jamestown and Dickinson, N.D. The acquisition allows 
Terracon to further expand its services to local and 
national clients, and gives the company a presence in 
North Dakota. 
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The OMC Welcomes New Organizational Members

The G-I Organizational Member Council (OMC) welcomes 
Lodex Engineering and The Reinforced Earth Company to 
the G-I’s group of 53 prestigious Organizational Members.

Lodex Engineering Corporation, Highlands Ranch, CO is 
developing cutting-edge data collection hardware units and 
3-Dimensional structural design optimization software. With a 
well-trained team of engineers and focused software developers, 
the company is working to meet the needs of its expanding 
client base through implementing new design techniques and 
expanding the software tools that they offer. The products 
hope to revolutionize and raise the industry standard. Their 
SmartStructure™ Technology allows engineers to accurately 
analyze and monitor structures never before possible.

Reinforced Earth Company, headquartered in Vienna, 
VA, is recognized as the inventor and market leader of the 
Mechanically Stabilized Earth (MSE) retaining wall industry 
and offers retaining wall, sound wall, and precast arch 
solutions that are safe, predictable, and cost-effective. Since 
the invention of Reinforced Earth® 1963, their experienced 
team of professionals has delivered the elements of success - a 
fi rm price, a reliable schedule, predictable construction and a 
commitment to excellence in innovation, design and service. 

What We are Working On

•     Providing recommendations to the G-I Board for 
improving the value of the G-I annual conference to OM 
fi rms. We are working on tracks for G-I’s 2012 annual 
congress that are devoted towards the demonstration of the 
value of geo-engineering services to our clients.

•     The Organizational Member/Student Reception on 
March 13, 2011 from 7:30 pm – 9pm during next year’s G-I 
annual congress – Geo-Frontiers 2011, in Dallas, TX, March 
13-16, 2011.  

•     Increasing the number of OM fi rms to provide a 
larger funding source for student support at G-I annual 
conferences. 

G-I Organizational
Member News
Agra Foundations Acquires Soletanche 
Freyssinet

Nicholson Construction Company announced that 
Soletanche Freyssinet, a world leader in civil engineering 
and construction, acquired Agra Foundations Limited on 
June 25, 2010. Agra Foundations specializes in piling and 
ground improvement. Agra is headquartered in Edmonton, 
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Geo-Institute Establishes 
Organizational Member Council

 he Geo-Institute Board of Governors created the 
Organizational Member Council (OMC) as an outgrowth of 
the numerous recommendations made by the Organizational 
Member Task Force in August 2008. 

The OMC’s mission is to represent Geo-Institute 
Organizational Members’ interests and to provide OMs with 
greater and more relevant value. The OMC currently consists 
of five members, chaired by Kord Wissmann, plus a G-I 
governor liaison, and a G-I staff liaison.

Scott Mackiewicz, P.E., M.ASCE, received his Ph.D. from 
Iowa State University and is currently working as senior 
principal geotechnical engineer at Kleinfelder in Kansas 
City, KS. Scott previously worked as senior geotechnical 
engineer and construction services manager for S&ME, Inc 
in Charleston, SC. His specialties are deep foundations, 
piles, drilled shafts, ground improvement, and wind farm 
foundations. Contact Scott at smackiewicz@kleinfelder.com.

Randy Neuhaus, P.E., is the president of S&ME, Inc.in 
Raleigh, NC and vice chair of ASFE’s Emerging Issues and 
Trends Committee. He has been very active in professional 
organizations, serving in responsible positions in state and 
national engineering associations. He earned his degree in 
civil engineering from the University of Oklahoma. Contact 
Randy at RNeuhaus@smeinc.com.

 
Swaminathan Srinivasan, P.E., known to most as Vasan, 

is a highly-regarded associate member with HC Nutting/
Terracon in Cincinnati, OH. Heading the geotechnical 
engineering group in the firm’s service area, he is considered 
a hands-on engineer and the facilitator to see for a safe 
project. Contact Vasan at ssrinivasan@terracon.com.

O. Chris Webster, P.E., F.ASCE, senior associate and 
branch leader is the Office Manager for Schnabel Engineering 
in Charlottesville, VA. Chris is also involved with Engineers 
without Borders and was past president of the Blue Ridge 
Chapter of ASCE’s Virginia Section. He received his M.S. 
Civil Engineering from Virginia Tech and his B.S. in Civil 
Engineering from the University of Virginia.  Contact Chris 
at owebster@schnabel-eng.com.

Kord Wissmann, Ph.D., P.E., M.ASCE, is president 
and chief engineer of the Geopier Foundation Company 
in Mooresville, NC. He is actively involved with the Geo-
Institute and is chair of the OMC and past chair of the 
Organizational Member Task Force. He has undergraduate 
and graduate degrees in civil engineering, including a B.S. 
from Virginia Tech, an M.S. from University of California-
Berkeley and a Ph.D. from Virginia Tech. Contact Kord at 
kwissmann@geopier.com

Linda Bayer, IOM, is the manager of the Geo-Institute 
in Reston, VA and the facilitator of the OMC. Linda serves 
as the Geo-Institute liaison to the OMC. Reach Linda at                        
lbayer@asce.org.

Billy Camp, P.E., works for S&ME in Charleston, SC and 
is a Geo-Institute governor. Billy is the OMC liason to the 
G-I Board of Governors. Contact Billy at bcamp@smeinc.com.

The first task assigned to the OMC is fostering increased 
interaction between G-I Organizational Members, professors, 
and students. To meet that goal, the Geo-Institute will be 
hosting an Organizational Member/Student social event as 
part of the GeoFlorida conference on Sunday, February 21, 
2010 from 5:00 pm to 6:00 pm. The Geo-Institute, following 
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Vasan Srinivasan, P.E., HC Nutting/Terracon, Kord Wissmann, PhD., 
P.E., Geopier Foundation, Inc., Randy Neuhaus, P.E., S&ME, Inc., Chris 
Webster, P.E., Schnabel Engineering, Inc.
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Alberta, and primarily operates in Western & Central 
Canada, where it has six locations. Agra Foundations 
will continue to operate as an autonomous company, 
under the leadership of their President, Derek Harris, 
P.Eng, a 28 year veteran of the company. According to 
Nicholson President Andrew Walker, “The acquisition 
of Agra Foundations into the Soletanche Freyssinet 
Group continues our strategic plan for expanding 
our geotechnical construction services and expertise 
throughout North America.”  Nicholson also opened new 
offi ces in Austin, TX and Overland Park, KS.

Alizadeh Becomes Chairman Elect of ACEC/MO  

Edmond D. “Ed” Alizadeh, P.E., Esq., President and 
CEO of St. Louis-based Geotechnology, Inc., was elected 
Chairman-Elect of the Board of Directors of the American 
Council of Engineering Companies of Missouri (ACEC/
MO) for 2010-11. He has served as vice chairman of 
the Board since 2008. ACEC/MO is a state association 
of more than 100 of Missouri’s leading engineering 
companies whose main goal is the economic “bottom 
line” welfare of all engineering companies.

Fugro Integrates Geotechnical Services in 
North America

Fugro announced the integration of its North American 
operations serving the geotechnical needs of onshore and 
nearshore projects. As Fugro Consultants, Inc., the group 
operates from 30 offices located along all three coasts 
and in major metropolitan areas. The resources of Fugro 
West, Fugro Atlantic, Fugro William Lettis & Associates, 
Risk Engineering, and LoadTest USA will be part of Fugro 
Consultants serving clients throughout the Americas 
and abroad. With this change, the company streamlines 

client access to technical and 
project management services for 
complex assignments, including 
international projects of U.S. based 
firms. Senior leadership for Fugro 
Consultants, Inc. will be provided 
by Joseph M. Cibor, president; 
Timothy N. Dunne; William 
R. Lettis; and John A. Wooley. 
Regional and local offices continue 
to operate with their current 
staff and management, but with 
the added resources of the larger 
organization.

CONTECH Announces 
Agreement with JM Eagle

CONTECH Construction Products 
Inc. entered into a strategic 
agreement with JM Eagle, which is 
a strong fi t for both companies and 

will give CONTECH access to Eagle Corr PE™, JM Eagle’s 
premier corrugated polyethylene pipe products in the U.S. 

“We are excited about the opportunity to be working with 
JM Eagle, a company with a world class reputation,” said 
Ron Keating, CONTECH president and CEO. “The value of 
gaining access to these products enhances the product line 
we offer our customers and further positions us as a market 
leader in the drainage industry.”

EarthTec Supports NJ’s Efforts

A dozen highway projects underway in New Jersey will 
incorporate walls or wall-related materials from EarthTec, 
the subsidiary of GeoStructures that specializes in the 
design and supply of mechanically stabilized earth 
(MSE) walls. “New Jersey has two of the top five busiest 
toll roads in the country, and construction has a large 
impact on commuters and the ability to deliver goods 
and services,” says Eric Hilberath, national sales director 
for EarthTec. “To minimize this, we provide highway 
builders with complete wall systems and expertise that 
keeps a project on schedule.”   

GeoStructures Presented Case Study 
International Micropile Society Conference

GeoStructures completed foundation reinforcement of 
Pennsylvania’s Kinzua Bridge in the effort to restore the 
historic structure as a tourist attraction. Installation of 
tension micropiles increased lateral load resistance of the 
remaining sections of the former railroad bridge that was 
partially destroyed by a 2003 tornado. 
            

“Micropiles are one of the more versatile structural 
foundation systems in that they can support existing 
or new foundations, can be installed in difficult access 
situations and can resist both tension and compression 
forces,” says Jon Bennett, GeoStructures Micropile 
specialist who oversaw the micropile design. He 
presented the project details during the the International 
Society for Micropiles conference, September 22-25, 2010, 
Washington, D.C.
            
Terracon and Midwest Testing Laboratory, Inc. 
to Expand Services in North Dakota

Terracon Consultants, Inc. recently acquired Midwest 
Testing Laboratory, Inc. (Midwest Testing), a firm 
providing geotechnical engineering and construction 
materials engineering and testing services. Midwest 
Testing has offices in Fargo, Bismarck, Grand Forks, 
Jamestown and Dickinson, N.D. The acquisition allows 
Terracon to further expand its services to local and 
national clients, and gives the company a presence in 
North Dakota. 

Moretrench       

NTH Consultants, Ltd. 

Nicholson Construction 
Company     

Nilex Construction 

PB Americas, Inc.    

RADISE International, 
L.C. 

Rembco Geotechnical 
Contractors, Inc.

S&ME Inc.   

Sanborn, Head & 
Associates, Inc. 

Schnabel Engineering     

Schnabel Foundation Company

Strata Systems, Inc.    

Terracon, Inc.   

Terra Insurance Company 

The Reinforced Earth Company

URS Corporation

ZETAS Zemin Teknolojisi A.S. 

ORGANIZATIONAL MEMBERS
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G-I News
Registration is Open!

Fifth International Conference on Scour  
and Erosion (ICSE)
November 7-10, 2010

Holiday Inn Gateway

San Francisco, CA

www.icse-5.org

The ICSE-5 Organizing Committee brought together 
a strong and vibrant technical program and related 
conference activities for you. This G-I specialty conference 
includes sessions that focus on bridge scour, levee scour, 
and dam erosion. You will have the chance to learn about 
innovations and new technologies in scour prediction 
at bridges, levees, and dams. This prestigious conference 
has grown in importance and reputation by the technical 
successes of each of the four preceding conferences:

College Station, TX, (2002)  
Singapore (2004)  
Amsterdam, The Netherlands (2006)  
Tokyo, Japan (2008) 

Here’s your chance to probe the multi-disciplinary nature 
of scour and erosion problems and solutions which 
require approaches that merge expertise in a wide variety 
of fields. ICSE will feature top keynote speakers during 
the plenary sessions followed by an interesting variety of 
concurrent sessions. You can also take part in a welcome 
and networking reception while exploring posters in 
the Exhibition Hall. Finally, you can increase your ICSE 
experience with a short course before the conference and a 
technical tour after the conference. 

Looking for New Business?  
Potential Exhibitors and 
Sponsors: Contact Sean 
Scully at sscully@asce.org or 
703.295.6154.

Holiday Inn Golden Gateway 
Hotel              
San Francisco, CA   
www.goldengatewayhotel.com 
415.441.4000 

Reservation Deadline: 
October 19, 2010 to receive 
the $129/night + tax group 
rate.

Professional Development Corner

For webinar information:  https://secure.asce.org/ASCEWebsite/
Webinar/ListWebinar.aspx

Installation, Verification, and Application of Driven Piles 
Friday, October 15, 2010
11:30 am -1 pm, ET
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17416

New! LRFD for Geotechnical Engineering Features: Earth 
Retaining Structures - Cut Walls  
Tuesday, October 19, 2010
12 Noon – 1:30pm, ET
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17419

For seminar information: 
https://secure.asce.org/ASCEWebSite/WEBINAR/ListSeminar.
aspx?CatCode=CED-GEOT&catName=Geotechnical 

Instrumentation & Monitoring Bootcamp: 
Planning, Execution & Measurement  
Uncertainty for Structural & Geotechnical 
Construction Projects    
December 2-3, 2010

Harrah’s Hotel and Casino 

3475 Las Vegas Blvd S 

Las Vegas, NV 

The use of field instrumentation to monitor the on-site 
behavior of structures is a part of many construction 
projects. However, few American universities offer 
a course on instrumentation as part of their civil 
engineering curriculum. Therefore, many engineers learn 
instrumentation through the school of hard knocks. This 
seminar, held in conjunction with the Geo-Institute, will fill 
a void in the education of many civil engineers. Instructor - 
Magued Iskander, Ph.D., P.E., F.ASCE
  

Cadden Elected to G-I Board

Allen Cadden, P.E., principal and director of Geotechnical 
Engineering for Schnabel Engineering will join the G-I 
Board as a governor for a 3-year term beginning October 
8, 2010.  Cadden has more than 20 years of field, project 
engineering, and management experience in a variety of 
projects throughout the East Coast. His experience includes 
geotechnical investigations, design, instrumentation, and 
construction monitoring services. As a designer, project 
manager, and senior reviewer, he has worked on a variety of 
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Start twittering at http://twitter.
com/GeoInstitute where you can 
check for updates or follow 
us using a Twitter account, an 
RSS reader, or one of the many 
other web applications that 
work with Twitter. Access the 
G-I Facebook’s page at www.
facebook.com/pages/Geo-Institute-
of-ASCE/129517101742
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geotechnical efforts involving 
shallow and deep foundations, 
geosynthetic applications, pavements, 
and grouting. In addition, he has 
provided analysis and designs for 
new and existing dams, ground 
improvement, excavation bracing, 
underpinning, and micropiles as 
well as instrumentation and data 
acquisition. 

Hermann Elected ASCE      
President

 

Andrew W. Herrmann, P.E., SECB, 
F.ASCE, a structural engineer with 
nearly 35 years of active involvement 
at all levels of ASCE, was elected the 
Society’s President-elect for 2011. 
Herrmann will work alongside 
2011 President Kathy J. Caldwell, 
P.E., M.ASCE, and succeed to the 
presidency in 2012. He will be 
inaugurated in late October at ASCE’s 
140th Annual Conference in Las 
Vegas. 

Follow our Lead

ASCE’s Leader Education and 
Development (LEAD) Program 
is an 8-month participatory and 
educational program that takes place 
at ASCE Headquarters in Reston, 
VA. The program is designed to create 
dramatic growth in the leadership, 
confidence, and skills of registrants. 
Geared towards engineering 
managers, LEAD hones leadership 
skills through formal training 
sessions as well as an individual 
coaching session. The program 
begins on November 30, 2010. The 
registration deadline is November 
10.  For information: www.asce.org/
Content.aspx?id=11734.

Receive International News 
with an ISSMGE Membership

Past G-I President Jean-Louis Briaud, 
now President of ISSMGE encourages 
you to become an ISSMGE member. 
A $15 membership gives you 
the opportunity to learn about 
international geo-professional news 
and information. 

The International Society of Soil 
Mechanics and Geotechnical 
Engineering (ISSMGE) promotes 
the advancement and dissemination 
of knowledge in the field of 
geotechnics and its engineering and 
environmental applications, through 
conferences, technical committees, 
and member societies. ISSMGE 
has 80 National Member Societies 
worldwide representing over 18,000 
individual members who include 

Andrew W. Herrmann

Allen Cadden
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practicing engineers, teachers, 
researchers, and equipment designers 
and manufacturers. The Society also 
has 20 corporate sponsors from 
industry. The Geo-Institute is proud to 
be ISSMGE’s U.S. Member Society.

ASCE members may join by enrolling 
on your annual ASCE renewal 

form, by logging in to your member 
account at www.asce.org, or by 
calling 800.548.2723. An ISSMGE 
membership is already included in a 
Geo-Institute-only membership.

Take a look at ISSMGE:  www.issmge.
org/

G-I Upcoming Conferences

Visit www.geoinstitute.org/events.html 
for other upcoming events.
 
Geo-Frontiers 2011
March 13-16, 2011
Sheraton Dallas
Dallas, TX 
www.geofrontiers11.com/

Members in 
the News

Filshill Receives Ph.D.

Archie Filshill, A.M.ASCE, of CETCO 
and Delaware Valley Geo-Institute 
(DVGI) Board member received 
his Ph.D. in Civil Engineering with 
a concentration in Geosynthetics 
from Drexel University. The title of 
his thesis was “Long Term Structural 
Design of Geosynthetic Storm 
Water Chambers and the Use of 
Nanocomposites to Enhance Their 
Performance.” The research reviewed 
the application, testing, and design 
of plastic storm water modules. The 
focus was on the structural design 
of polymeric modules, how they 
are tested, the design of flexible 
pavement above such systems, the 
repetitive loading, and the long term 
durability of the plastics used in their 
manufacture. The testing proved how 
the properties of both virgin and 
recycled polymers are enhanced by 
the addition of nanocomposites.

Archie Filshill
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Greene Joins Gannett        
Fleming

Brian H. Greene, Ph.D., P.G., joined 
the Pittsburg, PA office of Gannett 
Fleming as a senior engineering 
geologist. With more than 32 years 
of experience with the U.S. Army 
Corps of Engineers, he provides 
quality review and technical direction 
on geotechnical, dam, levee, and 
other water resources projects. He 
also assists with the development, 
implementation, and execution of 
marketing strategies within the firm’s 
geotechnical, dams, and hydraulics 
areas of practice. In 2009, Greene 
accepted the position as chair of the 
AEG Dams Technical Working Group 
and has organized symposia on dams 
at recent AEG national conferences. 
He has authored and co-authored 
numerous technical papers on dams 
and is guest editor for a special 
edition on the subject which was 
published in the Environmental and 
Engineering Geoscience journal in 
September 2010.

Gribb Heads SD School of 
Mines and Technology

Molly M. Gribb, Ph.D., P.E., M. ASCE 
is the new head of the Department of 
Civil and Environmental Engineering 
at the South Dakota School of 
Mines and Technology (SDSM&T) 
in Rapid City, SD. The school is 
a state-supported university with 
2,100 students seeking degrees at the 
baccalaureate, master’s, and doctoral 
levels in engineering, the sciences, 
and computer technology. Gribb was 
a Geo-Strata Editorial Board member 
from 2000-05 and former Professor of 
Civil Engineering and Director of the 
Center for Environmental Engineering 
at Boise State University.

Griffiths and Yeung Elected 
ASCE Region Directors

D. Vaughan Griffiths, Ph.D., D.SC, 
P.E., F.ASCE, professor of Civil 
Engineering at the Colorado School of 
Mines in Golden, CO, was elected as 

the ASCE Region 7 Director-Elect, and 
Albert T. Yeung, Ph.D., P.E., F.ASCE, 
associate professor at the University of 
Hong Kong, the Region 10 Director-
Elect. 

Griffiths stated that “Society governors 
will be encouraged to visit their 
constituencies to raise the profile of 
the Board and to educate the Section 

and Branches in what we (ASCE) have 
to offer. While encouraging Governors 
to be active in their areas, I will 
remain sensitive to the fact that all 
our ASCE activities require us to act as 
an unpaid volunteer force.”

Yeung shared his vision for Region 
10 that “..it continue to grow as an 
important arm of ASCE to reach out 

1-800-436-7762
www.geoprobe.com
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to the world. It will also serve as a bridge between ASCE 
and the various civil engineering organizations worldwide 
at the institute level and among domestic and international 
sections and groups. With its global connections, Region 10 
is in a unique position to support the initiatives of ASCE as 
it can break cultural barriers among various international 
viewpoints and thus identify important issues more easily.”

Lewis Appointed 
Manager at Gannet 
Fleming

Paul J. Lewis, P.E., was 
appointed manager of the 
Geotechnical Practice of 
Gannett Fleming where 
he is responsible for 
maintaining the quality 
and consistency of work 
products across the 
practice companywide, 
leading the geographic 
growth of the practice, 
and facilitating work sharing and staffing of projects. He 
serves as a vice president and manager of the Geotechnical 
Section based in the firm’s corporate headquarters in 
Harrisburg, PA. 

Lewis has more than 27 years of geotechnical engineering 
experience and is a registered professional engineer in 
five states. He is a member of the ASCE, Chi Epsilon, Tau 
Beta Pi, Deep Foundations Institute, the Association of 
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Inspired people improving our world
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specialty geotechnical solutions to a variety of civil 
and environmental applications. These applications 
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and deepest slurry and reactive barrier walls in the 
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Conservation Engineers, and the American Society for 
Testing and Materials (ASTM) International. He holds 
a bachelor of science in civil engineering from West 
Virginia University, and he is a former instructor for The 
Pennsylvania State University. 

Thorne Elected New VP of the AGP

Steven Thorne, P.E., D.GE, M.ASCE, of Melick-Tully 
and Associates, P.C. 
in Somerset, NJ, was 
unanimously voted in 
as the Academy of Geo-
Professional’s (AGP) 
next vice president. 
Thorne has served on 
the Board of Trustees of 
AGP since its inception 
in October 2008 and 
was also involved in the 
creation of the Academy. 
His term runs October 
1, 2010 - September 30, 
2011. On October 1, 

2011, he will then become president of the Academy. 

Withiam to Receive Wisely Award

Geo-Strata Editor James L. Withiam, Ph.D., D.GE, 
M.ASCE, will receive the 2010 William H. Wisely American 
Civil Engineer Award for his outstanding leadership in 
creating and delivering the flagship Institute magazine, 
Geo-Strata, and as well as his leadership in the Task 
Committee in redesigning Civil Engineering magazine. This 
award recognizes 
ASCE members for 
their continuing 
efforts to promote 
appreciation for the 
history, tradition, 
developments, 
and technical and 
professional activities 
of the Society. 

Withiam is a principal 
of D’Appolonia, 
a geotechnical 
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engineering firm headquartered in Monroeville, PA. He 
attended Syracuse University where he earned B.S., M.S., 
and Ph.D. degrees in civil engineering. At D’Appolonia, 
Withiam is responsible for management and technical 
direction of geotechnical projects and research studies. 
His principal areas of expertise comprise foundations and 
retaining structures; soil and rock slopes; embankments and 
dams; remedial design of failed earthworks; characterization 
of soil and rock; and research investigations, including 
studies to develop specifications for the design of highway 
bridge substructures, and the application of nondestructive 
test methods to detect corrosion of metal-tensioned systems 
used for geotechnical applications.

IN MEMORIAM
Jerry A. Yamamuro, 1954-2010

Jerry Yamamuro, P.E., M.ASCE, Associate Professor of 
Geotechnical Engineering, Oregon State University (OSU) 
and the College of Engineering passed away on August 18, 
2010 following a lengthy illness. 

His civil engineering career began with a B.S.degree from 
OSU in 1976. Following a four-year assignment with the 

U.S. Forest Service, he obtained his Master’s from UCLA. 
Additionally, he obtained his Doctorate under Professor 
Poul Lade with his thesis titled, “Instability and Behavior of 
Granular Materials at High Pressures,” which was published 
in 1993.

He began his academic career in 1995 at Clarkson 
University, following a 2-year post-doctoral fellowship at 
Johns Hopkins University. He received a CAREER Award, 
a prestigious award for the top new university faculty in 
the country, from the NSF in 1997. He then moved to the 
University of Delaware where he was granted tenure and 
promoted to Associate Professor in 2003, but in 2004 
moved back west and was welcomed into the School 
of Civil and Construction Engineering at Oregon State 
University as a tenured Associate Professor.

His nearly two decades of research and academic work in 
geotechnical engineering is easily visible with more than 
30 referred journals, 7 books, and conference proceedings. 
He was a Registered Engineer in OR, CA, NY, and DE and 
a member of ASCE, the American Society for Testing and 
Materials, the International Society of Soil Mechanics and 
Geotechnical Engineering, and the American Society for 
Engineering Education.
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Jerry was an international authority on experimental and 
theoretical mechanics of frictional materials, soil instability 
and liquefaction, and constitutive modeling of frictional 
materials. His expertise led to fellowships with the Air Force 
and the Japan Society for the Promotion of Science.

G-I Chapter News

Colorado and Illinois Become G-I Chapters

The G-I welcomed the Colorado Section of ASCE as the 
new Colorado Geo-Institute Chapter on July 17, 2010. The 
group, having been established 28 years ago, has held its 
technical sessions on the third Thursday of the month, and 
will strive to maintain this schedule. Section co-chair and 
current Chapter Chairman, Joseph Kerrigan, 
stated that one of his goals is”… to try and get more G-I 
members active in the Chapter.”

On August 18, 2010, the ASCE Illinois Section became 
the Geo-Institute’s 18th Chapter.  Chapter Chairwoman 
Fran Miller recently served on the G-I’s Local Involvement 
Task Force and was instrumental in converting the geotech 
group to a chapter. The incoming Illinois Chapter board 
members are Kalyani Devabhaktuni, chair; Julian Rueda, 
vice-chair; and Metin Seyhun, treasurer. The group typically 
holds dinner meetings on the second Wednesday of each 
month. Questions and information should be directed to: 
asceilgeotech@gmail.com

New, Easy G-I Chapter Formation 

A simple Memorandum of Understanding (MOU) is now 
all that is required to become a G-I Chapter. Bylaws are 
optional. Increase your membership recruitment efforts by 
converting your ASCE Geotechnical Group to a G-I Chapter 
or by forming a G-I Chapter. ASCE encourages this effort. 
There are no fees or chapter dues required by the G-I. 
Download the MOU from the G-I Web site at http://content.
geoinstitute.org/groups/index.html. Benefits of affiliation are 
also posted, as is a PowerPoint presentation. 

Allied Organizations
11th Annual Design and Installation of     
Cost-Efficient Piles Conference (DICEP)
Presented by Pile Driving Contractors        
Association (PDCA)
November 4, 2010

Charleston, SC

www.piledrivers.org/

This conference will present modern approaches to 
maximize efficiency, effectiveness, and economy (E3) of 

driven piles through a series of presentations, including 
SCDOT for driven pile geotechnical requirements, static 
analysis methods and software for geotechnical design of 
driven pile, design of pilerafted foundations and downdrag 
computations, driven pile and Leadership in Energy and 
Environmental Design (LEED), innovative research, case 
histories, and more. A tabletop exhibit area also will be 
included.

Watch for this call for papers:

43rd Symposium on Engineering Geology and 
Geotechnical Engineering (EGGE)
March 23-25, 2011

University of Las Vegas

Las Vegas, NV

http://2011.eggesymposium.com/

The Symposium on Engineering Geology and Geotechnical 
Engineering (EGGE) is an annual event designed to convene 
professionals to showcase innovative work in the fields of 
engineering geology and geotechnical engineering. The 
conference theme is “Water, Soils and Sustainability in the 
Intermountain West.”

This symposium will provide you the opportunity to 
meet and exchange technical information relating to 
engineering geology and geotechnical engineering. Though 
the emphasis is on water, soils, and sustainability in 
the Intermountain West, contributions from all areas of 
engineering geology and geotechnical engineering are 
welcome. A proceedings volume will be published on 
CD. Oral or poster presentations can be made.  Plenary 
presentations and breakout sessions, a field trip and an 
exhibit hall are planned.

Anticipated timeline: 
October  23, 2010      Preliminary announcement and call  
       for papers  
January 10, 2011        Abstracts due  
January 24, 2011        Authors notified of abstract acceptance  
February 16, 2011      Final papers or abstracts due  

6ICEG - 2010
Sixth International Congress on   
Environmental Geotechnics
November 8-12, 2010

New Delhi, India

www.6iceg.org

More than 340 abstracts were accepted for this conference 
which will be hosted by The Indian Geotechnical Society 
(IGS) on behalf of the International Society for Soil 
Mechanics and Geotechnical Engineering (ISSMGE). The 
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Organizing Committee is guided by a Conference Advisory 
Committee, as well as the TC5 (Technical Committee on 
Environmental Geotechnics) of ISSMGE, and a National 
Advisory Committee of IGS. The theme of the Congress is 
Environmental Geotechnics for Sustainable Development. 
More than 400 delegates, including 250 from abroad, will 
gather to discuss latest developments

The 12th Multidisciplinary Conference on 
Sinkholes and the Engineering and Environ-
mental Impacts of Karst
January 10-14, 2011

St. Louis, MO

www.pela.com/sinkholeconference2011.htm

This is the 12th in a series of highly successful 
interdisciplinary conferences which were first organized 
by the Florida Sinkhole Research Institute in 1984 as a 
means for geologists and geographers, who study how and 
where karst develops and how sinkholes form, to interact 
with engineers, planners, and others, who must apply this 
information to build and maintain society’s infrastructure 
and protect the environment. The goal of this conference 
is to share knowledge and experience among disciplines by 
emphasizing scientific and technological aspects of karst 
that have practical applications, together with case histories 
of those applications. 

Industry News
Ishihara to Present 2010 Buchanan Lecture

The 2010 Buchanan Lecturer is Professor Kenji Ishihara 
from Chuo University, Japan. The title of his lecture is 
“Forensic Diagnosis for Site Specific Ground Condition 
in Deep Excavation of Subway Constructions.” Professor 
Ishihara’s lecture will be preceded by the 2009 Terzaghi 
Lecture delivered by Clyde Baker, AECOM, Chicago, IL. 
The title of the lecture is “Uncertain Geotechnical Truth and 
Cost Effective High Rise Foundation Design.” The lectures 
will take place on December 3, 2010 at 2:00 p.m. in the 
Brazos Amphitheater at the College Station Hilton, College 
Station, TX. The lecture will be followed by a reception at 
the home of Janet and Jean-Louis Briaud. For information: 
http://ceprofs.civil.tamu.edu/briaud/buchanan.htm.

IACMAG 2011
13th Int’l Conference of the Int’l Assoc.              
for Computer Methods and Advances in 
Geomechanics 
May 9-11, 2011

Melbourne, Australia

IACMAG 2011 will address recent developments and 
advances in computer methods, constitutive models, and 
applications to different areas of geomechanics, emerging 
technologies, and future needs, documented case studies, 
constitutive modeling, laboratory and field tests, and 
validation procedures. The special theme for the Conference 
is “Geomechanics in the Emerging Social, Environmental 
& Technological Age.” The conference will stress problems 
raised by the society due to rapid industrialization and 
globalization, in addition to the objectives covered by the 
previous conferences. The Conference venue is the new 
Melbourne Convention and Exhibition Centre (MCEC) that 
has set a new world benchmark for events with the world’s 
first 6-star, Green Star rating and its advanced applications 
in presentation technology.

31st Grouting Short Course: A Success

Each year, pressure grouters from around the world 
gather for a week of education and interplay at the 
Colorado School of Mines in Golden, CO. As the only 
event of its kind in the world, its purpose is to introduce 
and demonstrate to geo-professionals the specialized 
construction procedures used for pressure grouting. This 
year, during June 7-11, 2010, nearly 100 specialists from 
around the world, including Norway, Korea, and India, 
attended. Led by Professor Scott Kieffer, P.E., C.E.G., head 
of Institute and professor of Engineering Geology, Graz 
University of Technology, Austria, the primary instructors 
were James Warner, P.E., Consulting Engineer; Trent Dreese, 
P.E., Gannett Fleming, Inc.; Donald Bruce, Ph.D., C Eng., 
FICE, Eco GeoSystems; Joe Harris, Hayward Baker; Brian 
Iske, DeNeef Construction Chemicals; and George Burke, 
Hayward Baker.

News from ASTM International

The abrasiveness of rock plays a crucial role in the 
performance of any mechanical excavation machines 
because overall costs are affected by the rate of cutting 
tool replacement and/or repair and machine downtime. 
The need for a standard that assists the civil and mining 
industries in quantifying rock abrasiveness properly and 
uniformly has been answered by a new ASTM International 
standard. The new standard, ASTM D7625, Test Method for 
Laboratory Determination of Abrasiveness of Rock Using 
the CERCHAR Method, was developed by Subcommittee 
D18.12 on Rock Mechanics, under the jurisdiction of 
ASTM International Committee D18 on Soil and Rock. To 
purchase ASTM standards, visit www.astm.org and search by 
the standard designation number, or call: 610.832.9585; 
service@astm.org.  

64  

CORE BITS

Geo-Strata  l   geoinst i tute.org





HaywardBaker_GeoStrata_SepOct10.pdf   1   8/2/2010   8:25:47 AM




