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One evening in the cabinet
Sieve #10 woke with a start
To quiet sobs – “Come here,” he said.
“Let’s have a heart-to-heart.”

Tare 23 rolled over – 
A small ceramic dish.
He’d been distraught all afternoon
Since he glimpsed the lab’s price list.

“I thought I was important,” he said,
“Toiling every day
In that inferno of an oven,
Drying endless globs of clay.

But my tests cost (sob!) twelve  
dollars!
Honestly, what’s the point?
Compared to a hydrometer,
I’m peanuts to this joint.

Never mind that old triaxial cell
Whose drained tests cost a grand.
A Proctor hammer’s worth trumps 
mine
And it just pounds on sand!”

The sieve sighed through his wire 
mesh.
“You have a lot to learn.
A moisture content test, you know,
Is not performed alone.

With grain sizes and limits
It tells loads about a site,
If the engineers use judgment
To correlate things right.

And when the jobs get bigger
We rely upon you still,
For consol tests with no moisture 
data
Would just be pointless drills.

Without you there would be no 
dams!
No piers or slurry walls.
Your impact runs the gamut
From pipelines to shopping malls.”

The tare gave one last sniffle
As he pondered this address.
“I guess I’m more important
Than my listed price suggests.”

Then he drew his rim up taller
And exclaimed with renewed zeal,
“I hope those clients realize
That I’m one heck of a deal!”

   Mary C. Nodine, P.E.,A.M.ASCE, is a 
geotechnical poet and a project engineer 
with GEI Consultants, Inc. in Woburn, 
MA. She can be reached at mnodine@
geiconsultants.com

Geo-Strata  l   geoinst i tute.org

Geo-Poem: Tare #23: The Value of a 
Moisture Content
By Mary C. Nodine, P.E., A.M.ASCE
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Let’s Collaborate!
Past-President Jean-

Louis Briaud’s last 
President’s Letter in the 
September/October 
2009 issue of Geo-Strata 
modified the words of 
President Kennedy in 
the context of the Geo-
Institute (G-I) and said, 
“Don’t ask what the 
Geo-Institute can do 
for you, ask what you 
can do for the  
Geo-Institute.”  
Roughly 10 percent of 
our membership is 
doing exactly that by 
actively volunteering 

on committees, task forces and other G-I related activities. 
That’s a high percentage of member activity and our 
distinguished profession should be proud of our volunteers 
who give their time and talents to serve and make it better.

However, knowing human nature, there is a familiar 
statement that has been around for a long time that goes 
something like this: “What has (fill in the blank) done for 
me lately?”  Specifically regarding the Geo-Institute, perhaps 
the question which may be lingering in the minds of local 
geo-professionals may be, “What has the Geo-Institute done 
for me lately?” There are several opportunities the G-I has 
initiated to enhance member value and to strengthen ties 
with chapters or prospective chapters, namely:

1. Developed a simplified memorandum of   
 understanding (MOU) for the formation of G-I   
 chapters. A template of the MOU can be found on  
 the G-I website www.geoinstitute.org under the G-I  
 Chapters/Local Groups tab. It can be used to convert  
 an existing Local Geotechnical Group to a G-I   
 chapter or to form a new chapter from scratch.   
 Cooperation with the local Section or Branch is all  
 that is needed to facilitate this process. Bylaws for  
 the G-I chapter are optional. As a service to G-I   
 chapters, the G-I will post chapter events and   
 publications on its website, and possibly in Geo- 
 Strata magazine so the chapter will receive national  
 exposure. This is also a great way to network with  
 other geo-professionals and local groups across the  
 country. I want to encourage local geotechnical   

 groups to affiliate with the G-I and become a G-I  
 chapter as a means of improving communications  
 between the local groups and the G-I. There are   
 currently 17 G-I chapters and we would like to have  
 more!

2. Hosted a chapter summit.  In 2009, the G-I hosted  
 the first chapter summit to obtain input and   
 feedback on how the G-I can better serve geo-  
 professionals at the local level and provide   
 suggestions on how Institute chapters could   
 enhance their services to its members. G-I chapter  
 and geotechnical group representatives were invited  
 and 36 local representatives attended the summit.  
 The G-I will be holding another summit in the   
 summer of 2011 at a location to be determined.  If  
 you are a G-I chapter officer or have interest in   
 forming a G-I chapter, please consider attending this  
 summit.

3. Fund cross-country lectures. The G-I provides the  
 Cross USA Geo-Institute Lecture Tour as a service to  
 local G-I groups and members as an ongoing   
 program to enhance the prestige of the geo-  
 profession. The Cross USA G-I Lecturer (Lecturer)  
 will be a nominated distinguished geo-professional  
 and will make presentations at five different U.S.  
 locations. G-I Chapters and Graduate Student   
 Organizations (GSOs) are eligible to submit   
 applications to be considered as a host group. GSOs  
 are expected to invite area professionals to attend.  
 The Lecturer will provide the host groups with a  
 choice of one or more lecture topics. Each group  
 will jointly decide with the Lecturer the final topic  
 to be presented at their location. The travel and   
 honorarium expenses will be covered by the  
 G-I, while the local costs (lodging, meals) are   
 covered by the local host.

The G-I is providing these opportunities for geo-
professionals and chapters.  Please take advantage of them!  
If you have comments or suggestions on how the G-I can 
improve our services, please let us know.

Larry P. Jedele, P.E., D.GE, M.ASCE
President, Geo-Institute of ASCE
jedele@sme-usa.com

Thoughts from the President
Larry P. Jedele, P.E., D.GE
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From the Editorial Board

We maintain a 
summary of past issue 
themes and articles 
in them to help us 
plan future issues and 
ensure article variety. 
While past issues 
have been devoted 
to common themes 
and in a few cases a 
common event (e.g., 
Hurricane Katrina), 
we’ve not devoted 
an issue to a single 
structure or feature 

because there would not likely be enough stories to tell. 
But there are a few structures and features that have enough 
history and geotechnical lore to hold the interest of most 
readers, and we believe the Panama Canal is one of them.

Canal construction 
began more than a 
century ago when slope 
design was empirical 
and Terzaghi was in his 
late teens. But while the 
Canal’s builders faced 
daunting challenges, 
they made amazing use 
of the resources at hand 
to overcome them. And 
now, more than a century 
later, the Canal is still 
such an essential feature 
of world commerce that 
it is undergoing a major 
expansion which, even 
with the subsequent 
geotechnical advances, 
holds interesting 
lessons for today’s 
builders. So we hope 
you enjoy “Exploring 
the Geotechnics of the 
Panama Canal.”

What’s Inside?

The Canal’s 
construction and 
operation, especially in 

the early years, has been greatly influenced by efforts to 
manage unstoppable landslides, and prevent them from 
interfering with shipping. In his commentary, “Managing 
Unstoppable Landslides in the Panama Canal,” Mike 
Duncan discusses how understanding developed over time, 
combined with effective engineering procedures based on 
long experience, has minimized the risk of Canal closure by 
landslides.

The construction of the Panama Canal is a story about 
people, politics, and obstacles. Bill Marcuson has done a 
masterful job in condensing his paper in the 2001 ISSMGE 
Proceedings in “Construction of the Panama Canal.” In it, 
he highlights the planning, health concerns, key players, 
and geotechnical challenges behind the most monumental 
construction feat of it’s time.

Historical accounts about the Canal often discuss the 
people and politics involved, but infrequently describe the 
technical history and challenges behind it. As you’ll read 

throughout this issue, the 
engineering challenges 
associated with the Canal 
were and continue to 
remain significant. These 
are underscored in “The 
Panama Canal’s Past, 
Present and Future – An 
Engineering Perspective” by 
Rodrigo Lam Manfredo.

The Panama Canal 
Authority (PCA) is 
embarking on a $5.25 
billion program to expand 
the Canal to increase its 
capacity to meet growing 
cargo-carrying demand 
along major international 
maritime trade routes. The 
engineers who design the 
new excavations and locks 
for the expansion will have 
enormous advantages over 
the original Canal builders. 
Two geotechnical engineers 
leading the expansion 
for the PCA, Luis Alfaro 
and Maximiliano De Puy, 
describe their efforts to 
combine past lessons 

Geo-Strata  l   geoinst i tute.org
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learned with improvements in 
practice during the past century in 
“Geotechnics of the Panama Canal 
Expansion.”

Along with a new set of locks at 
the Pacific entrance to the Panama 
Canal, the Canal Expansion Program 
will include a channel to provide 
navigation access from the new locks 
to the Gaillard Cut. Because water in 
the channel must be raised, earthen 
dams are required to isolate the 
channel from the adjacent land and 
Miraflores Lake. In “The Dams of 
the Panama Canal Expansion,” Lelio 
Mejia, Maximiliano De Puy, and Luis 
Alfaro describe the geologic setting 
and seismic hazards, design criteria, 
foundation conditions, and design 
concepts for the dams.

Every now and then you probably 
ask, ”How can that be?” Well, some 
in our profession have been asking, 
“Why is the cost of construction-
materials engineering and testing 
(COMET) services so different in 
different locales?,” in some cases 
three times more for the exact same 
services. In “A Tale of Three Cities: 
How We See It,” John Bachner, Jeff 
Cannon, Sam Palmer, and Richard 
Van Horn provide some specifics 
behind the differences and offer a 
way to fix the problem.

Our GeoCurmudgeon asks us to 
imagine what would happen if geo-
professionals actively courted the 
news media, including the bloggers 
and Tweeters. while our Geo-Poet 
offers her perspective of lab testing 
through the ‘eyes’ of a ceramic tare. 

This message was prepared by Jim 
Withiam, Editorial Board Chair.
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Commentary:  Managing Unstoppable Landslides in the 
Panama Canal

By J. Michael Duncan, Ph.D., P.E., D.GE, Dist.M.ASCE, NAE

To a large extent, the construction and operation of the 
Panama Canal has been about efforts to manage 
unstoppable landslides and prevent them from interfering 
with shipping. Through the understanding that has 
developed over time, and effective engineering procedures 
based on long experience, the risk of Canal closure by 
landslides has been minimized and the Canal has become 
an extremely reliable key route for the world’s shippers.

The first estimates of the volume that would need to be 
excavated for the original construction were based on the 
mistaken idea that the Canal slopes would be stable at 45 
degrees. It was quickly found that 45 degree slopes in 
the weak clay shales in the Gaillard Cut failed soon 
after they were excavated. When the slide debris was 
removed to clear the Canal, the remaining flatter 
slopes would be stable for a little longer, and 
then they would fail. By the time the Canal 
opened in 1914, the slopes in the Gaillard 
Cut shales were much flatter than 45 
degrees, and the volume excavated was 84 
million cubic meters, more than double 
the volume first estimated.

Landslides in Gaillard Cut 
continued to occur frequently 
after the Canal was opened, 
and persist today. Landslides 
have occurred at 70 
locations in the eight-
mile-long Gaillard Cut, 
and have recurred at 
most of these 
locations many 
times. Since 1914, 
some 61 million cubic meters of landslide debris have been 
excavated to protect and clear the shipping lanes, a volume 
rivaling the 84 million cubic meters excavated before 1914 
for construction of the Canal.

Because seemingly stable slopes in the shales become 
unstable with time, it is fair to say that landslides in 
Gaillard Cut are inevitable. In 1936, Terzaghi characterized 
the situation this way:

“……the catastrophic descent of the 
slopes of the deepest cut on the Panama 
Canal issued a warning that we were 

overstepping the limits of our ability to 
predict the consequences of our 
actions…”

The recurrent landslides in Gaillard Cut are now known 
to be caused by gradual reductions in the strengths of the 
clay shales that form the slopes. Improved understanding of 
clay strength since 1936 represents an important 
advancement in the state of the art, but it does not stop the 
landslides. Preventing landslides in the shales of Gaillard 
Cut is not possible by any practical means. Even so, the 
landslides can be managed.

Over the last 40 years, Panama Canal Authority 
engineers have developed a very effective “Landslide 
Control Program.”  The success of the program can be 

judged by fact that the Canal was closed by landslides 11 
times from 1914 through 1986, but not once since 

1986.

The Landslide Control Program involves:

•  frequent monitoring of slope 
movements through field observation and 

instrumentation,

•  rapid response when 
movements or rates of movement 

exceed pre-set limits, and

•  excavation to remove 
landslide debris and to 
stabilize unstable slopes.

Excavation to flatten slopes is the greatly preferred 
method of slope stabilization in the Canal because (1) it is 
reliable, (2) experienced excavation contractors are 
available, and (3) unit costs are very low. For example, an 
emerging landslide detected in the West Culebra reach of 
the Canal in 2005 was stabilized by excavating 411,000 
cubic meters of material, at a unit cost of only $2.30 per 
cubic meter. The time from detection of slide movements to 
completion of stabilization was only 110 days. This time 
frame encompassed all aspects of the work, from 
performing the analyses to designing the remedial 
excavation to preparing the construction drawings, putting 
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the project out for bid, awarding 
the contract, and excavating the 
slope to its final profile. This very 
fast schedule and extremely low 
cost would be virtually 
inconceivable for a similar project 
in the U.S.

In addition to establishment of 
the very effective Landslide Control 
Program, the reliability of the 
Canal has been further improved 
by widening the Canal to provide 
two shipping lanes. Although a 
landslide might interfere with 
traffic in one lane, shipping can 
continue in the other lane, and the 
Canal need not be closed.

Since ownership and 
management of the Canal was 
turned over to Panama at the end 
of 1999, the Canal has been 
deepened, widened, and 
straightened, increasing its capacity 
and making it more reliable. A $5.2 
billion expansion program 
scheduled for completion in 2014, 
including new and larger locks, will 
further increase capacity and open 
the Canal to some of the largest 
ships that ply the oceans.

J. Michael Duncan, Ph.D., P.E., 
D.GE, Dist.M.ASCE, NAE, is 
Distinguished Professor Emeritus in 
The Charles E. Via, Jr. Department of 
Civil and Environmental Engineering 
at Virginia Tech in Blacksburg, VA. 
Mike was the 1991 Terzaghi Lecturer; 
he has received numerous awards 
throughout his more than 50-year 
career as an educator, researcher, and 
practitioner.  He can be reached at 
jmd@vt.edu.  

Geo-Strata is interested in hearing 
from you.  Please send your 
comments on this commentary to 
Geo-Strata@asce.org.
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Construction of the Panama Canal
By W. F. Marcuson, III, Ph.D., P.E., D.GE, Hon.M.ASCE

  he construction of the Panama Canal is a story 
about people, politics, and obstacles. People saw the 
need to connect the Atlantic and Pacific oceans, making 
international trade much faster and more economical. 
As early as 1850, construction had begun on the first 
transcontinental railroad across the Isthmus of Panama, 
which at that time was part of Colombia. It was planned 
to be completed in two years but took five years at a cost 
of about $8,000,000. Economists estimated that a canal 
through Central America could save American trade about 
$36,000,000 per year and they estimated a total savings 
of about $48,000,000 per year for all maritime nations. If 
the canal cost as much as $100,000,000 (an upper bound 
estimate at the time), it would pay for itself in a few years if 
all assumptions were correct. 

 

Where Will A Canal Go?

There were at least five possible routes, with the 
two most popular being the Panama route from Colón 
to Panama City going along the Chagres River and one 
through Nicaragua using Lake Nicaragua. Many thought 
the route through Nicaragua was best because one could go 
ocean-to-ocean using rivers and lakes in sort of a hop, skip, 
and jump fashion. Surveys indicated that the Nicaragua 
route had a peak elevation of about 153 ft mean sea 
level (msl), about 122 ft lower than the Panama Railroad 
summit. Figure 1 shows the route of the Panama Canal. 
The peak elevation at Culebra along the Canal centerline 
was 275 ft msl and had to be excavated below the level of  
Gatun Lake. 

A Presidential Push

Under a 1903 treaty, the U.S. was empowered to 
construct a canal through a zone in Panama 10 miles wide. 
Colón and Panama City were excluded from the canal zone, 
but sanitation, sewerage, water supply, and maintenance of 
public order in these terminal cities were placed under U.S. 
control. The U.S. had the right to expropriate any additional 
land or water area necessary for the construction, operation, 
sanitation, or defense of the canal. In return, the U.S. 
guaranteed the independence of Panama. In May 1904, the 
U.S. paid $40,000,000 to the New Panama Canal Company 
to purchase the French holdings in Panama and paid 
$10,000,000 to Panama in what amounted to a national 
endowment. Thus, the U.S. spent more for the rights, 

privileges, and properties associated with the Panama Canal 
than any territorial acquisition in history. 

Theodore Roosevelt took a special interest in the canal 
and named John F. Wallace, formerly the general manager 
of the Illinois Central Railroad, to the position of chief 
engineer. Roosevelt appointed General George W. Davis 
as the first Governor of the Canal Zone and a member of 
the seven-man commission that would oversee the canal 
construction. William C. Gorgas was appointed Chief 
Sanitary Officer.  

The Start-Up

The project in Panama got off to a slow start. Since 
unanimous agreement of the seven commission members 
was required before action was taken, progress was difficult. 
Wallace was a competent engineer who was afraid of the 
tropical diseases, and seemed to lack both an enthusiasm 
for the work and a clear vision of how to construct the 
canal. In 1904, there were about 3,500 men at work, about 
1,500 of whom were digging at Culebra. Wallace resigned 
on June 28, 1905, primarily because of fear of tropical 
diseases. 

Roosevelt then placed John F. Stevens, another railroad 
man, in the position of chief engineer. Stevens had been 
instrumental in building thousands of miles of railroad for 
the Great Northern. Stevens was a leader and placed his 
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Figure 1.  An aerial view of the Panama Canal (graphic courtesy 
of the Panama Canal Authority).
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faith in the achievement of ordinary men and hard work. 
Stevens, after getting his feet on the ground, found that 
Wallace had been more interested in the technical aspects 
of the job rather than first concentrating on getting rid of 
disease. Stevens believed the priorities should be reversed. 

Believing that most of what needed to be done had 
been done before, just not at the scale or magnitude 
required, he decided to plan and prepare well before 
starting construction. Stevens stopped all work in the 
Culebra Cut (later renamed the Gaillard Cut) on August 
1, 1905. He placed primary emphasis on Colonel Gorgas’ 
efforts, ensuring that Gorgas would have whatever resources 
he required. His second priority was to clean up and pave 
Panama City and Colón. With full support and all the 
resources he needed, Gorgas eradicated yellow fever from 
Panama in about 18 months.

Construction Begins in Earnest

Stevens then turned his attention to rebuilding the 
Panama Railroad, then 50 years old. Within a year, the 
line was completely overhauled and orders placed for 
freight cars, dump cars, refrigerator cars, and more than 
100 locomotives. Stevens then hired all new, experienced 
railroad people to run the railroad. By the end of 1906, 
Stevens had about 24,000 men at work. He designed an 
elaborate system of movable train trackage running in 
and out of Culebra. Loaded trains would run out going 
downhill. In early 1906, Stevens had his plans in place, his 
disease problem under control, and his organization in 
place, so he resumed excavation in the Culebra Cut.

The U.S. spent more for the rights, 
privileges, and properties associated 
with the Panama Canal than any     
territorial acquisition in history.

During this time, Roosevelt was still unclear as to 
whether a sea level or lock canal should be built. He 
appointed a special international board to consider his 
options. The majority recommended a sea-level canal at 
an estimated cost of $247,000,000 and 12- to 13-year 
construction period. The minority view was a lock canal 
costing about $150,000,000 and taking 9-10 years to build. 
Stevens spoke before Congress strongly in favor of the lock 
canal that would include the world’s largest earth dam, 
largest man-made lake, highest locks, and deepest cut.

On June 29, 1906, the Senate voted for a lock canal. 
The canal was to go from the Bay of Limon near the 
city of Colón on the Atlantic side to Gatun, where three 
locks would lift vessels 85 ft to Gatun Lake. Gatun Lake 
would extend to Gamboa where the Culebra Cut started. 

The 8.75-mi Culebra Cut ends at the Pedro Miguel Lock, 
which drops 31 ft to Miraflores Lake, and the two locks 
at Miraflores drop 54 ft to the Pacific Ocean in the Bay of 
Panama near Panama City. The locks were to be 1,000 ft 
long by 110 ft wide, as specified by the U.S. Navy. The canal 
through the Culebra Cut was to have a bottom width of 
200 ft and side slopes of about 1H:1V.

Stevens had little patience with politicians and, 
fed up with both politics and politicians, resigned in 
January 2007. On February 18, 1907, Roosevelt appointed 
Colonel George W. Goethals, whom he believed to be the 
top construction engineer in the Army, as chief engineer. 
By the end of 1907, almost 16,000,000 cu yd of soil and 
rock had been removed from Culebra. By the end of 1908, 
about 37,000,000 cu yd had been excavated.  In 1906, the 
estimated volume to be excavated was 54,000,000 cu yd. 
By 1913, that estimate had climbed to 100,000,000 cu yd . 
It seemed that the more material was excavated, the more 
needed to be excavated. 

A Monumental Undertaking

Everything about the canal project was mammoth and 
larger than previous experience by an order of magnitude. 
For example:

• The average depth of dynamite holes drilled in a 
month in the Culebra Cut was 345,223 ft, or more 
than 65 miles. 

• In an average month, 400,000 pounds of dyna-
mite was exploded. 

• In all, about 96,000,000 cu yd of earth was re-
moved from Culebra. This was all done with 68 
95-ton Bucyrus steam shovels each equipped with 
a 5-yd bucket. The average shovel dug well over 
1,000,000 cu yd.

This excavation was made possible by the elaborate 
train system devised and assembled by John F. Stevens. In 
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Figure 2.  A profile of the Panama Canal (graphic courtesy of the 
Panama Canal Authority).
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one section, north of Gold Hill, shovels were stacked one 
above the other at seven elevations while seven dirt trains 
running on seven parallel tracks were kept constantly busy. 
There were as many as 160 trains a day going in and out of 
the cut, traveling on 76 miles of construction track within 
the nine-mile canyon. This track had to be constantly 
shifted, removed, replaced, and relocated time and time 
again. In any year, well over 1,000 miles of track had to be 
shifted about to keep the work moving. To make matters 
worse as the work progressed, the sides of the cut kept 
sliding in and the bottom of the cut kept closing in and 
heaving (McCullough, 1977). To make things still worse, 
during 1908 and 1909 well over 10 ft of rain fell annually.

From a technical viewpoint, the slides in the cut 
were the most troublesome. The fi rst large slide in the 
cut occurred in the fall of 1907. The Cucaracha slide had 
moved before and would move again in 1907 and two 
more times in 1910. This slide contained about 3,000,000 
cu yd of material. Across on the west bank, the Culebra 
slide moved more than 6,000,000 cu yd of material into the 
cut. All told there were 22 slides - at Los Cascadas, LaPita, 
Empero, Lirio, and East Culebra - which would increase 

the top width of the canal by as much as one-quarter mile. 
Slides closed the canal for seven months in October 1915, 
one year after it opened, and slides continue today.

Construction of the Gatun Dam, the largest dam in the 
world at that time, was a diffi cult and complex undertaking. 
The concrete locks at Gatun form the right abutment. 
Gatun Dam is composed of a gated concrete spillway, with 
a powerhouse adjacent, and an east and west embankment 
section on each side of the spillway. The dam has a total 
length of 6,560 ft, a crest elevation of 95 ft, and side slopes 
of about 10H:1V. The dam retains the water of the Chagres, 
Trinidad, and Gatun Rivers with a normal operating pool 
at approximately elevation 85 ft above sea level. The lake 
is about 165 square miles in area and provides the water 
needed for canal operations. 

The canal was offi cially opened for operation on 
August 15, 1914, when the steamship Ancon made its 
inaugural transit. Toward the end of construction, the full 
work force numbered about 48,000 and some 20 dredges of 
different kinds, assisted by equipment such as tugs, barges, 
crane boats, etc., were brought through the locks and into 
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Figure 3.  Aftermath of a slide in Culebra Cut (photo courtesy of the Panama Canal Authority).





the cut area. This equipment, which 
had been working in the sea level 
approaches, greatly assisted in some 
of the “final” excavation. 

Soil Mechanics and the 
Canal

The state of practice of soil 

mechanics at the time the Panama 
Canal construction began was 
different from what it is today. The 
first phase of classical soil mechanics 
was initiated by Coulomb in 1776. 
From then until the mid-1800s, 
soil mechanics was dominated 
by empirical practice and the 
assumptions of zero cohesion and 
the angle of friction being taken as 

the natural slope of (loose) fill. The 
second phase, from the mid-1800s 
to about 1910, includes important 
experimental work on sands 
regarding permeability. The angle of 
internal friction (the natural slope 
being a special case) resulted from 
earth pressure experiments and 
analysis by Darwin and Boussinesq 
(1883). 

The first phase of modern soil 
mechanics started in 1910 when 
Atterberg published his work on 
soil classification. The first practical 
shear tests and their application 
were published by Bell in 1915, 
and the concept of slip circle 
analysis and their strength tests 
were published by Fellenius and 
his Swedish colleagues between 
1916 and 1926. Terzaghi’s work on 
consolidation and shear strength 
was done in the 1920s. Most 
of modern soil mechanics was 
published after completion of the 
Panama Canal in 1914. Therefore, 
during the construction of the canal, 
most of the design and analyses was 
based on empirical approaches and 
personal experience. 

How Would It Be Done 
Today?

If the Panama Canal were 
to be built today, one approach 
would be to extensively sample 
material in the Gaillard Cut. 
Laboratory tests could be conducted 
to obtain both peak strength of 
undisturbed and remolded samples 
and representative residual shear 
strengths. Conservative assumptions 
might be made and the slope 
could be designed to be stable 
using appropriate values close to 
the shear strength (fully softened) 

obtained from remolded samples or 
back analysis. The peak-fully softened 
shear strength varies from 17 to 
26 degrees with a cohesion value 
between 1.0 to 4.6 psi. Back analysis 
of initial slides yields shear strength 
values between 15 and 23 degrees 
with cohesion values between 1.6 to 
3.0 psi. 
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Using these values, the 
slides might not be initiated and 
consequently the shear strengths 
would not drop to residual values 
which are about 30 percent of the 
peak strength of the undisturbed 
samples and 50 percent of remolded 
samples. Given (1) the state of 
practice of soil mechanics in the late 
1800s and early 1900s, (2) the data 
now available, and (3) what is now 
known about the annual rainfall 
in the Canal Zone, it is easy to 
understand why the canal builders 
had massive landslide problems.

The one thing that probably 
could not be improved upon is 
the use of railroads to evacuate 
the spoil. In the last century, no 
one has developed a method that 
is better than that developed by 
John F. Stevens. In fact, Stevens 
is the unsung hero of the job. He 
was the man who ensured that 
Colonel Gorgas had the resources 
he needed to rid Panama of yellow 
fever. He convinced Roosevelt and 
Congress that a lock canal was more 
advantageous, from a construction 
point of view, than a sea-level canal. 
He was responsible for the advances 
in housing and logistics. And lastly, 
he was responsible for developing 
and building the railroad with its 
movable trackage that effectively 
transported the excavated material 
to disposal sites. 

It’s More Than An 
Engineering Feat 

The construction of the 
Panama Canal was a monumental 
undertaking. Neil Armstrong’s 
mission to the moon in 1969 
required about 10 percent of the 
U.S. federal budget spread over a 
10-year period. In comparison, the 
construction of the canal required 
100 percent of the federal budget 
spread over 10 years, from 1904 to 
1914. In recent years, the Panama 
Canal Commission and now the 
Panama Canal Authority has engaged 
in a cut-widening program to enable 
two-way traffic thru the Gaillard 

Cut. The Panama Canal is a story 
about people overcoming incredible 
challenges – politics, funding, 
manpower, disease, resources, climate, 
logistics, the limited knowledge of 
soil mechanics, and the technology of 
the time – making it truly more than 
a feat of engineering.

William F. Marcuson, III, Ph.D., 
P.E., D.GE, Hon.M.ASCE, is 
director emeritus of the Geotechnical 
Laboratory U.S. Army Waterways 
Experiment Station, and past president 
of ASCE. He can be contacted at 
William.F.Marcuson@usace.army.mil
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The Panama Canal’s Past, 
Present, and Future – 

An Engineering Perspective
By Rodrigo Lam Manfredo, P.E.

  he Panama Canal is largely recognized as a civil 
engineering milestone, one of the eight wonders of the 
modern world, connecting the Pacific and Atlantic Oceans. 
It provides a safe and effective transit between the oceans 
and provides work to several thousand. History often 
discusses the people and politics involved, with limited 
discussion on the technical history and challenges. 
Engineering challenges associated with the Canal were and 
continue to remain significant.

The construction of the locks required 
several million cubic meters of concrete 
that equal building the Hoover Dam 
two times over…

The Past: France’s Initial Efforts

France was the first nation to attempt to create a sea 
passage across the Isthmus of Panama. Under the command 
of Ferdinand De Lesseps, who had completed the Suez 
Canal, several young engineers were brought to Panama 
in 1880, fresh out of college, with high expectations and 
strong wills. The French began their attempts to conquer 
the isthmus by building a sea-level canal, which was their 
previous experience, by repeating the Suez Canal concept 
for the construction of the Panama Canal. Little did they 
know that the Chagres River, intense tropical weather, 
severe floods, and landslides would make them halt and try 
again through the construction of a riverine canal with a 
series of dams and locks.

The French successfully excavated a trench 
approximately 70 km long, called the Gaillard Cut after 
the French engineer that designed it, between Panama 
City on the Pacific side and Colon on the Atlantic side. 
Their determination was hindered by lack of funds and 
a staggering death toll of nearly 22,000 workers due to 
tropical diseases and accidents. Several million cubic meters 
of earth and rock were removed, including the excavation of 
a 177-m-high rock slope known as Gold Hill.

Slope engineering was not sophisticated during the 
1880s and the cut slopes were somewhat stable but not 
quite stable enough. Landslides had taken the lives of 
hundreds of workers, and taming these soils was not the 
same as De Lesseps encountered with the sands of the 
Suez Canal. The amount of soil removed from landslides 
equaled the amount excavated to open the Canal itself. This 
phenomenon was recurrent, and once the French engineers 
thought they had stabilized a slope it would immediately 
slide into the trench, as if it had never been excavated 
before.

Figure 1.   Early stamp depicting Panama Canal Chief Engineer, 
George W. Goethals.
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The Past: America Takes a Turn

After several years of frustration, the French made a 
tremendous campaign to sell the shares of the Canal to 
the U.S. In 1904, the transfer of the French company was 
completed, and a new hope had risen for the Panama 
Canal. Despite the new artillery of machines, people, and 
knowledge, the threats behind the standing slopes, the 
uncontrolled Chagres River, and the increasing death toll 
due to tropical diseases still lingered. Engineer John F. 
Stevens, known for his success with railroad construction 
across the U.S., was appointed the task of beginning the 
excavation efforts.

He began by resolving the health problems, stopping 
all the work and bringing on board a well-known doctor, 
William C. Gorgas, who was investigating tropical diseases 
in Cuba. Gorgas, in his capacity as Chief of Health, 
initiated the eradication of malaria and yellow fever by 
eliminating its method of propagation - mosquitoes. 
Housing and roadways were improved. Drainage systems 
were constructed to relieve stagnant waters that were the 
breeding ground for mosquito larvae.

Once health was improved, excavation work resumed. 
Using his past experience with railways, Stevens built an 
elaborate system of tracks all along the embankments of the 
excavated slopes to remove the material and transport it as 
far away as possible. Stevens’ idea of removing the excavated 
material far away from the trench was outstanding, but was 

not a complete solution to the problems of soil removal 
and slope stability. Several small rivers fed the slopes with 
water, increasing their saturation and causing them to slide 
into the trench. Another issue was the complex geology 

of the Canal region, where materials could range from 
hard basalts to very weak organic clays. Frustrated with 
organizational problems, Stevens resigned in 1907 and was 
replaced as Chief Engineer by George W. Goethals.

The Past: Design and Construction

Initially, the American canal was intended to be built at 
sea level, although a better understanding of the Chagres 
River, the geologic setting, and the geotechnical challenges 
made it evident that a lake-and-lock canal was necessary. 
Plans to dam the Chagres River and the design of two sets 
of locks, the Miraflores Locks at the Pacific and the Gatun 
Locks at the Atlantic, were put into place. During the 
construction, because of political/financial and geological 
reasons, the Pacific locks were divided in two separate sets 
of locks, the Miraflores Locks and the Pedro Miguel Locks.

The construction of the locks required several million 
cubic meters of concrete that equal building the Hoover 
Dam two times over, and the construction of the Gatun 
Dam created Gatun Lake, the world’s largest man-made 
lake of its time, which provides water for the Canal and is 
also the source of drinking water for the cities of Colon and 
Panama. The lock gates are huge steel structures that have 
to withstand the lateral forces of the water to be retained. 
These gates, with several thousands of rivets and weighing 
almost 700 tons, were built in place with the steel being 
imported from several states and different countries. The 
steel used for the construction exceeds the amount used 
to build the Golden Gate Bridge. These heavy gates were 
controlled by a 7 hp engine that turned an enormous bull 
wheel, custom made for the Canal locks. This amazing 
feat was achieved thanks to the buoyancy of the gates. 
These engines were later replaced by hydraulic arms and 
sophisticated controls, although redundancy is achieved by 
maintaining the older mechanisms.

Excavating the Gaillard Cut caused several headaches 
for the U.S. builders. Landslides were still a nightmare 
and several slides had reactivated due to the excavation 
works and intense rains. Steam excavators and dredging 
equipment were required to remove the soils and rocks that 
had fallen in the soon-to-be-navigational channel. Several 

Figure 2.  Miraflores Locks on the Panama Canal.

Figure 3.   The view from Gatun Lake to the Panama Canal.
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techniques were implemented to remove the materials, 
such as hydraulic excavation using hundreds of gallons of 
water poured at high pressures to accelerate erosion. Then 
lime was spread all along the slopes to seal open cracks and 
avoid further seepage.

Excavation to lower the slope angles of the materials 
was necessary, and of course, the removal of much 
more soil and rock than intended. Names were given to 
these landslides in the Galliard Cut to categorize them: 
Cucaracha Slide, West and East Culebra Slide, Paraiso 
Hill Slide, and Empire Hill Slide, among several others. 
On January 14, 1914, Panama opened its waterway to the 
world, only to be closed soon after for several months 
because of a landslide.

The Present: Management and 
Modernization

From 1914 to 2000, engineers continued to struggle with 
many of the same issues encountered during construction. 
Landslides were still at the top of the list, but controlling 
the Canal waters, enduring harsh tropical climates, 
maintaining control over the tropical diseases, controlling 
and improving Canal navigation, and achieving a better 
understanding of the geology of the Canal presented 
significant challenges.

Modern instruments and methods were implemented 
on the Canal slopes to monitor subsurface water conditions 
as well as surface and subsurface movements using global 
positioning systems. Deviation of rivers that seeped 
into the slopes was fulfilled through the construction of 
surface drains that run parallel and perpendicular to the 
navigational channel, just like an intricate maze. Vegetation 
was used to prevent erosion. The navigational channel 
was widened several times from its original 91 m using 
overwater and surface blasting and dredging to create a 
buffer zone so that landslides could not close the channel 
and hinder navigation. Several monitoring weather stations 
were constructed all along the water basin of the Canal to 
overview meteorological conditions that affect it.

The Present: The Canal Goes High-Tech

Modeling of structures using finite-element programs 
is used to analyze the steel lock gates. These models help 
focus maintenance to specific locations of greater stresses, 
reducing down time of the locks. New railways for the 
locomotives that help center the ships in the locks were 
constructed so that stronger, more efficient locomotives 
could replace the much older versions. Finally, several 
thousands of drill holes and complex investigations 
were completed to better understand the geologic and 

tectonic setting that underlay the Canal slopes, dams, and 
navigational channel.

Effective noon, December 31, 1999, management 
of the Panama Canal passed from the U.S. to Panama. 
Nonetheless, the Panama Canal engineers still had to gain 
control of the moving slopes, among other relevant issues, 
such as the integrity of the Gatun dam, locks and Gatun 
Lake, after a seismic event. Excavation based on engineering 
design is the most common control method of the slopes. 
Design is based on empirical knowledge gained from 
experience and the use of computer-assisted tools to find 
a theoretical stable slope angle, but of course, nature is 
unpredictable.

According to estimates, 37 percent of 
the world’s container ships will be too 
large to navigate the Canal within the 
next two years.

Also, high technology instrumentation was 
implemented to monitor subsurface and surface conditions. 
Special survey crews are deployed to monitor water 
wells and electronic displacement devices which gather 
data concerning the creep of slopes. The Panama Canal 
engineers have also implemented a seismic network which 
monitors all seismic activities, including those generated 
by the blasting operations for the modernization of the 
navigational channel. Although the seismic risk on the 
Canal region was not well known, recent investigations 
have launched new information that is critical to the Canal 
and its future.

Figure 4.  Large cargo ships entering the locks on the Panama 
Canal.
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The Future: Expand or Die

Design and construction of the Panama Canal began 
more than a century ago. In that time, the size of ships 
using the Canal has increased exponentially. Currently, 
the Canal can accommodate ships carrying up to 65,000 
tons of cargo, but ships with cargo capacities of up to 
300,000 tons have been recently introduced. Nearly half 
of all vessels now using the Canal need the full width of 
the locks. According to estimates, 37 percent of the world’s 
container ships will be too large to navigate the Canal 
within the next two years.

In 2006, Panamanians approved a national referendum 
to expand the Canal by approximately 80 percent. The 
$5.25 billion expansion project expansion will include the 
construction of a new by-pass channel that avoids Pedro 
Miguel Locks, and will nearly double the Canal’s capacity. 
The new locks are expected to open in 2015, with the 
original locks projected to continue operation indefinitely. 

The same challenges will arise from this new construction 
of larger dimensions. The availability of experience and 
technology, as well as the significant advances in soil 
mechanics in the past century, may help overcome these 
challenges, but “nature is unpredictable.”

Rodrigo Lam Manfredo, P.E., worked for 13 years at the 
geotechnical section of the Panama Canal. He was involved 
in the Landslide Control Program, Dam Safety Program, and 
the paleoseismic investigation of the Gatun and Pedro Miguel 
faults. Rodrigo is now operations manager of the Fugro offices in 
Panama. He has completed several projects in Central America, 
introducing high-end technology tools for engineering. He can be 
reached at rlam@fugro.com. 

Geo-Strata is interested in hearing from you.         
Please send your comments on this article to         
geo-strata@asce.org. 
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Geotechnics of the 
Panama Canal Expansion

By Maximiliano De Puy, PMP, P.E., M.ASCE and Luis D. Alfaro, Ph.D., P.E.

  onstruction of the Panama Canal took place between 
1882 and 1914. It involved the removal of approximately 
200 million cubic meters of excavation; the construction 
of the largest man-made dam (hydraulic fill) of its time; 
the largest man-made lake (Gatun Lake); and the largest 
navigation locks to date, when concrete technology was in 
its infancy. The scheme was a central lake approximately 26 
m PLD (Precise Level Datum, which is 0.30 m below the 
mean sea level of the Pacific Ocean) and three step locks 
leading to each ocean. The Pacific locks were split into 
two separate lock structures, Miraflores and Pedro Miguel, 
separated by the small Miraflores Lake. Figure 1 presents a 
layout of the Canal, highlighting its major components and 
the location of the new structures.

The Canal Expansion Program

The Panama Canal Authority (ACP) is embarking on a 
$5.25 billion program to expand the Canal to increase its 
cargo-carrying capacity. The principal components of the 
Panama Canal Expansion Program include:

• New locks complexes on the Atlantic and Pacific  
 sides. The Atlantic Locks will be constructed east of  
 the existing Gatun Locks and the Pacific Locks will  

 be constructed southwest of the existing Miraflores  
 Locks. The Atlantic Locks will take advantage of the  
 excavation performed in the late 1930s for a third  
 set of locks that was suspended due to World   
 War II. Each lock complex will also have three   
 steps, designed to move vessels from sea level to  
 the level of Gatun Lake and from Gatun Lake to sea  
 level. Each chamber will have three lateral water- 
 saving basins, for a total of nine basins per   
 complex. The chambers for the new locks will be  
 427 m long, 55 m wide, and 18.3 m deep, and will  
 use rolling gates instead of the miter gates used by  
 the existing locks.

• Excavation of the Pacific Access Channel (PAC).  
 The PAC includes the excavation of a new channel  
 6.7 km long and 218 m wide to connect the   
 Gaillard Cut to the new locks on the Pacific side. It  
 will also require the construction of four rockfill  
 dams (the Borinquen Dams) parallel to the   
 channel axis. The east side dams will separate the  
 Miraflores Lake from the access channel.

• Widening and deepening of the existing   
 navigational channels. This includes the necessary  
 excavation and dredging to widen and deepen the  
 Pacific and Atlantic Entrances, the Gaillard Cut and  
 the Gatun Lake Navigational Channel.

• Raising Gatun Lake’s maximum operating level for  
 improved regulation of the watershed by   
 modifying  the miter gates of the existing locks,  
 modifying the gates of the existing Gatun Spillway,  
 and reinforcing several existing saddle dams along  
 the lake periphery.

In addition to the major components, special temporary 
structures will be required. One of the most important 
is the east cofferdam that will isolate the Pacific Access 
Channel from Miraflores Lake to allow the dry excavation 
of the channel and the construction of the Borinquen 
dams, and the north plug that will separate it from Gatun 
Lake. Similar structures will also be required to excavate the 
footprint of the new locks.

C

Figure 1.  Major components and new structures of the Panama Canal.
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The program was divided into several construction 
contracts. The locks contract includes the design and 
construction of the Atlantic and Pacific Locks facilities, the 
Atlantic Locks approach channel, a portion of the PAC, and 
the construction of three of the dams along the PAC. The 
other works are the five excavation contracts of the Pacific 
Access channel (Figure 2), including the construction of the 
largest of the Borinquen Dams; the dredging of the Atlantic 
and Pacific entrances; and the dredging work in Gatun Lake. 
The magnitude of the work is enormous - the excavation 
volume ranges from 25 to 50 million cubic meters for each 
excavation project, for a total excavation volume of more 
than 140 million cubic meters of soil and rock.

Canal Area Geology

The rocks in the Canal consist of a complex series of 
igneous flows and intrusive bodies, pyroclastic materials, 
and sedimentary strata of Tertiary age. These rocks are 
deposited in a small tertiary sedimentary basin that 
comprises most of the area of the Panama Canal from the 
Atlantic to the Pacific Oceans. This basin sits on top of 
pre-tertiary volcanic rocks associated with the formation of 
the volcanic arc that forms Panama over its entire length.      
Table 1 summarizes the characteristics of the main 

geological formations involved with the Canal Expansion 
Program.

Roughly 300 observation monuments 
are installed on potentially unsta-
ble areas, their position is recorded 
monthly, and the “path” of each 
monument is then used to evaluate the 
need for remediation.

Faulting is an important geological feature in the Canal 
area, particularly the Gaillard Cut. At least two systems 
of faults have been identified: one that trends northeast, 
and the other northwest. The most relevant geological 
features are the Pedro Miguel and Miraflores faults, the 
columnar basalt at the southeast and west of the new access 
channel, and the faulted contact of the basalt and La Boca 
Formation.

The Gaillard Cut presents a complex disposition of 
rocks grouped in seven recognizable formations. Most of 
the materials are from the early Miocene. They generally 

Figure 2.  Plan and profile view of the Pacific Access Channel.
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present the typical weathering profile of tropical climates. 
Lithologies include clayey and silty materials derived 
mainly from the alteration of volcanic ashes. More recent 
volcanism in the late Miocene created a number of strong 
igneous bodies that extruded through the earlier materials. 
The interface between the weaker clayey materials with the 
strong igneous rocks created the most vulnerable slopes 
after excavation of the Canal.

The stratigraphic columns 
developed for the main formations 
reveal the importance of particular 
lithological units within each 
formation. In the Cucaracha 
formation, the weakest layers are 
the tuffaceous, highly altered to 
clay minerals and slickensided, 
massive beds of clay shale. The 
carbonaceous, shaly siltstone beds 
are the weakest in the Culebra, La 
Boca, and Gatuncillo formations, 
while the argillaceous tuffs are 
the weakest in the Las Cascadas 
formations. This also indicates that, 
at the scale of the slope mass, the 
lithocorrelation of units within a 
formation is more important than 
the formational correlation in a 
regional sense. All the formations 
are highly heterogeneous and 
anisotropic. 

Gaillard Cut and its 
Geotechnical Lessons

The 13-km Gaillard Cut (Figure 
3) extends through the continental 
divide and has been the locus of 
all the large landslides. The lessons 
learned through experiences at 
the Gaillard Cut constitute the 

basis of geotechnical knowledge for Canal engineers and 
geologists. They have afforded a thorough understanding of 
the geologic formations in the area and their engineering 
properties. Excavation at the Cut to an initial width of 
91 m involved approximately 100 million cubic meters, 
about 20 percent of which was the removal of slides that 
occurred during construction. However, beginning with the 
simultaneous slides of East and West Culebra in October 

Table 1:  Brief Descriptions of Geologic Formations in the Area 

 

Formation Descriptions Strength 

Atlantic Muck 

Heterogeneous mixture of swamp, alluvial and marine deposits of 
silts, clays, and carbonaceous organic matter.  There are beds of 

marine origin containing an abundance of Pleistocene and early 
Holocene forms of mollusks and corals 

Pacific Muck 

Heterogeneous mixture of swamp, alluvial and marine deposits of 

silts, clays, and carbonaceous organic matter. 

Very soft and 
compressible soils 

Gatun 

Highly fossiliferous, variable silty, calcareous and carbonaceous 

sandstones, Siltstones, with some conglomeratic layers, whitish, 
tuffaceous, pumiceous layers and pumiceous sandstone beds. 

Soft to moderate rocks 

Basalt 

Extrusive, fine-grained, columnar, occurring as flows and sub-intrusive 
and intrusive, porphyritic, medium to coarse-grained, occurring as 

dikes, sills, plugs, or laccolites. 

Pedro Miguel  

Pyroclastic,  small to very large angular to sub-angular basaltic and 
andesitic clasts and blocks, in a fine- to coarse-grained sandy, 

tuffaceous matrix, black, hard, thin tuffaceous layers and occasional 
basaltic flows. 

Hard rocks 

La Boca 

Thick, horizontal deposits of sandy siltstones and silty Sandstones, 
some conglomeratic, lenticular layers. 

Cucaracha 

Thick, alternating fine, altered, argillaceous tuffs, sandstones, 
siltstones and conglomerates strata and one marking bed of 

ignimbrite. 

Soft rock 

Las Cascadas 
Dacitic andesite, tuff breccias or agglomerates, welded tuff or 

ignimbrites, and weak, highly altered argillaceous tuffs. 
Soft to hard rocks 

Culebra  

Calcareous, light gray to white sandstone layers, alternating with well 

laminated, black, carbonaceous, shaly siltstones, is considered of 
deltaic origin. 

Soft rock 

Bas Obispo 
Pyroclastic, basaltic and andesitic sub angular to angular clasts 

varying from pebble to large block sizes in a hard, basaltic matrix, 

sometimes matrix is hard, and tuffaceous. 

Hard rock 

Gatuncillo 
Soft, inter fingered, very fine-grained, calcareous, laminated shaly 
Siltstones, with impure bentonitic layers and some lenses of pure, 

crystalline limestone. 

Soft rock 

 

Figure 3:  Plan view of Gaillard Cut and historical slides



800.942.9418  huesker.com  704.588.5500

Engineering with Geosynthetics

Specify any one of Huesker’s ISO 9001 certified

Geosynthetics on your project’s walls or slopes and  

be assured you’re not only getting a long lasting 

reinforcement, but also a cost effective solution. Huesker  

can deliver a steeper change in grade with a more  

appealing vegetated face than a traditional structure.  

That should help ease your growing concern for the 

environment and the project’s overall budget.

Applications for Embankments • Walls • Slopes • Airport Runways 

Canal Liners • Landfill Capping Systems • Encased Columns 

Mining • Roadways • Railroads • Levees

Plant Huesker 
Geosynthetics in a 
wall or slope and
watch it grow.



30  Geo-Strata  l   geoinst i tute.org

1915, additional slides required an additional 40 million 
cubic meters of excavation by 1930 (Figure 4).

Although slide activity was reduced in the following 
decades, the first Gaillard Cut Widening Project (1930s 
to 1971) to increase the width of the channel from                   
91 m to 152 m provoked additional sliding. Motivation 
for the widening was initially to create catch-basins for 
sliding debris. The final stages of this widening effort, and 
subsequent widening projects, were driven by the need for 
additional capacity.

Original excavation designs indicate little understanding 
of important factors that greatly influence stability. These 
include the importance of structural geology; the influence 
of groundwater; the inherent complexities of geological 
materials in a tropical-residual environment; and the 
cumulative effects of intense, persistent precipitation that 
constantly promotes strength degradation in the excavated 
slopes. The understanding of the associated phenomena 
and the tools to deal with them were then still decades 
away.

In 1968, Arthur Casagrande was retained as a consultant 
when an incipient slide was detected in the central 
region of Gaillard Cut. After reviewing site conditions, 
he recommended adopting the observational method to 
empirically determine when and where remedial measures 
were required. Commenting that it was unrealistic to 
attempt to predict sliding through the use of analytical 
methods, he recommended monitoring a series of 
monuments on the suspect areas to determine if movement 
was occurring. Thus the Canal’s Landslide Control 
Program (LCP) was born. Today, roughly 300 observation 
monuments are installed on potentially unstable areas, 
their position is recorded monthly, and the “path” of 
each monument is then used to evaluate the need for 
remediation.

Several decades of experience 
with this system has led to 
much higher levels of slope 
reliability. Interpreting the 
motions that should trigger 
drainage work or excavations to 
unload moving slopes has been 
continuously improved by the 
Canal’s geotechnical engineers. 
After a large reactivation of the 
Cucaracha slide occurred in 
October 1986, a Geotechnical 
Advisory Board was formed 
and, along with ever-improving 

instrumentation, has provided invaluable guidance for 
improving the effectiveness and reliability of the LCP.

Another important lesson gained from the Gaillard Cut 
is the importance of rainfall patterns on slope stability. It 
has been empirically observed that prolonged periods of 
rain with high accumulated rainfall values are much more 
detrimental to stability than high intensity rainfall during 
a short period. The latter creates large runoff, while the 
former generates greater infiltration and saturation.

Ever-improving analytical tools and site characterization 
methods have improved the reliability of predicted slope 
behavior. For example, a variety of non-linear strength 
envelopes have enabled much better modeling of strength 
characteristics. In addition, back analyses of the many 
landslides, complemented by laboratory testing, have 
provided increasingly reliable operating strength envelopes 
for use in analytical models.

It is readily recognized that the most difficult 
engineering problem related to the building of the 
Panama Canal was the control of landslides in Gaillard 
Cut. However, other geotechnical challenges were also 
confronted by the builders of the Canal. These included 
the construction of the Gatun Dam, the selection of the 
locations of the existing locks and foundations, and the 
design of the large gravity retaining walls. The body of 
knowledge acquired from these experiences has constituted 
the geotechnical basis on which the Canal expansion is 
based.

Geotechnical Challenges of the Canal 
Expansion

The Canal Expansion Program (CEP) has brought new 
geotechnical challenges: the integration of all past and 
present geological data into a consistent geotechnical 
characterization framework; the design of the PAC, which 
will include excavated slopes in areas for which there is no 
specific experience; and the seismic hazard characterization 

Figure 4: Canal Closure due to the East and West Culebra Slides 
in October 1915
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for the design of the new locks and dams. An interesting 
consideration for the design of the new Pacific locks is 
that the upper two chambers will lie on basalt, but the 
lower chamber will lie on the much softer clayey and silty 
rocks derived mainly from the alteration of volcanic ashes. 
The difference in stiffness at the interface will pose an 
interesting problem for its designers.

Geotechnical Characterization. The present geological 
knowledge of the Canal was gained through thousands of 
borings and field surveys. Early geological and geotechnical 
investigations in the Canal can be subdivided in three main 
periods covering the French construction (1881-1899), the 
American construction (1904-1914), and the third-locks 
and sea-level conversion route studies (1938-1970). More 
recently, geological and geotechnical investigations have 
included coring and sampling, the installation of surface 
and subsurface instrumentation, and laboratory and field 
testing.

This effort started along the Gaillard Cut, as part of the 
effort to study and prevent the slides (Figure 5), and as part 
of the effort to design improvement projects. From 2001 to 
2008, the ACP intensified its geological and geotechnical 

investigations for the CEP. Today, the geological database 
includes more than 5,000 borings, thousands of 
laboratory and field tests, and hundreds of field geological 
reconnaissance campaigns gathered from the Canal 
construction period to the present.

Design of Slopes for the PAC. During the last 25 years, 
Canal engineers and geologists have designed excavations 
to stabilize landslides and to straighten, widen, and 

deepen the Canal. These activities have affected most of 
the slopes in Gaillard Cut, many of them several times. 
Through this extensive work and the understanding of the 
geologic formations and their engineering properties, an 
effective design method has evolved, based on the guiding 
philosophy that new geometries of slopes should never 
reduce the computed factor of safety against instability. 
While the excavations along the Gaillard Cut are designed 
on the basis of precedent and several decades of slope 
stability management, slopes for the new PAC are not, but 
the geological and environmental conditions are similar 
to those in Gaillard Cut. Therefore, design practices are 
expected to work well for the PAC’s excavated slopes.

Over these years, the ACP has prepared design strength 
envelopes which have been calibrated based on numerous 
back analyses of past failures in similar materials and 
environmental conditions. The stress-strain and strength 
properties of many soft argillaceous rocks are generally 
similar to those of over-consolidated hard-fissured clay. 
When shearing intact over-consolidated clay in drained 
conditions, the behavior is characterized by a sharp peak 
strength and the initiation of dilation. After that, there 
is a post-peak drop in strength (strain softening). At the 

end of the first stage, the “fully-softened” 
or “critical state” is reached. At larger 
displacements, the strength falls to and 
remains constant at the residual value. 

Slopes on soft rocks were evaluated 
using either the fully-softened or the 
residual strength. Conversely, estimating 
the strength of hard rock slope masses 
is complicated by the presence of 
discontinuities and weakness planes. 
Therefore, the estimate of the rock slope 
mass strength was done through the use of 
well-recognized empirical shear strength 
criteria, but calibrated based on past 
failures along the Gaillard Cut in these 
types of materials.

The failure mechanism of a landslide 
is usually determined by the structural 

geology of the slope mass, and many studies have 
correlated geotechnical characteristics with possible slide 
types and their geological and hydrogeological features. 
The experience gained through the analysis of structurally 
controlled failures of many slides along Gaillard Cut was 
used in determining probable failure mechanisms and 
modeled in the stability analysis of new excavated slopes of 
the PAC.

The groundwater location was based on the existing 
observed water levels, which have been collected from 

Figure 5.  The 1986 East Cucaracha and South Cucaracha slides.
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traveler pipes and piezometers that were part of the site 
investigation program for the PAC. In no case was the 
average pore pressure ratio (Ru) for the critical slip surface 
less than 0.30. The final design was based on the most 
critical condition at the end of construction, but with no 
water yet in the channel. This condition resembles that 
of the numerous slope failures that occurred during the 
excavation of the Gaillard Cut.

Seismic Hazard Characterization. The ACP has expended 
significant effort to appropriately characterize the seismicity 
of the Canal area to develop design criteria for the new 

locks and to evaluate the vulnerability of existing major 
structures. This work, which started nearly 20 years 
ago, was driven by historical evidence of two important 
earthquakes in 1882 and 1621. The USGS has associated 
the 1882 earthquake to the North Panama Deformed Belt, 
the contact between the Caribbean Plate and the Panama 
Micro-Plate. Magnitude was estimated at 7.8 to 8.0 on the 
Richter scale (Figure 6).

ACP’s Seismic Advisory Board recommended retaining 
specialized consultants to perform paleoseismic work in 
the area. They discovered evidence of various movements 
during past centuries on crustal faults in the Canal area. 
This led to the association between the 1621 earthquake 
and the Pedro Miguel Fault as its source. This earthquake 
was estimated to be in the range of 6.5 to 7.0 on the 
Richter scale. The information also provided estimates 
of return periods for earthquakes in the area. The ACP 
decided to design its new structures according to the risk 
matrix presented in Figure 7. This decision relied heavily 
on recommendations from the ACP’s Structural Advisory 
Board, but also incorporated economic considerations.

Overcoming Challenges

The engineers that have designed the new excavations, 
as well as those who will design the new locks, will have 
enormous advantages over the original Canal Builders. The 
Canal Expansion Program provides a unique opportunity to 
assess the magnitude and impact of the developments and 
improvements in the practice of Geotechnical Engineering 
during the past century. Tracing the progress of the work 
and the performance of the built components will offer 
additional opportunities to further gage the evolution of 
the profession.

Maximiliano De Puy, PMP, P.E., M.ASCE, is manager of the 
Geotechnical Engineering Section of the Panama Canal since 
1997. He supervises the geotechnical designs and geological 
investigations for the Canal, including the Cut Widening and 
the Expansion Programs. He directs the Landslide Control, the 
Dam Safety, the Erosion Control and the Seismic Vulnerability 
Programs of the Canal. He can be reached at mdepuy@
pancanal.com.

Luis D. Alfaro, Ph.D., P.E., is the Vice President of 
Engineering of the Panama Canal Authority. He previously 
managed the Authority’s Geotechnical Branch for 14 years and 
presently directs all engineering work to mitigate risks to the 
Panama Canal, to support its continued maintenance, and to 
implement improvements to its infrastructure. He can be reached 
at lalfaro@pancanal.com.   

Figure 7. Risk matrix for the seismic design of the new locks

Figure 6.  Tectonic map of Panama (graphic courtesy of USGS).
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The Dams of the 
Panama Canal Expansion

By Lelio H. Mejia, Ph.D., P.E., G.E., M.ASCE, Maximiliano De Puy, PMP, M.ASCE,
 and Luis D. Alfaro, Ph.D., P.E.

  n the century since the Panama Canal was built, the 
size of ships has increased dramatically. Currently, nearly 
half of all ships using the Canal need its full width to 
successfully navigate it. In 2006, Panamanians voted to 
expand the Canal. The $5.2 billion expansion project will 
include the construction of a new by-pass channel that 
avoids the Pedro Miguel and Miraflores Locks, and will 
nearly double the Canal’s capacity. Four new dams will 
partially form the by-pass channel banks.

The Borinquen Dams

Together with a new set of Post-Panamax locks at the 
Pacific entrance to the Panama Canal, the Canal Expansion 
Program will include a 6.7-km-long channel to provide 
navigation access from the new locks to the existing 
Gaillard Cut section of the Canal (Figure 1). Referred to 
as the Pacific Access Channel (PAC), this waterway will be   
218 m wide at its base, and will roughly parallel the existing 
navigation lane within Miraflores Lake.

Because water in the PAC will be at the level of Gatun 
Lake, almost 11 m above Miraflores Lake and 27 m above 

sea level, two dams, known as the Borinquen Dams 1E and 
2E and close to 4 km long, are needed to form the eastern 
bank. Two additional dams, the Borinquen Dams 1W and 
2W and totaling 1.4 km in length, are necessary along the 
western bank to keep the canal waters out of the drainage of 
the Cocoli River.

Dam 1E will extend 2.3 km over low-lying ground 
covered by mangroves and the waters of Miraflores Lake 
(Figure 2). The south end of the dam will abut Fabiana 
Hill while its northernmost section will parallel the Pedro 
Miguel Locks and make a short right turn to meet the locks 
structure near one-third of the way from its northern end. 
To the south, Dam 2E will stretch 1.5 km from Fabiana Hill 
to the structure of the new Post-Panamax Locks. It will cross 
over the Cocoli River course and over grass-covered flat 
ground and lagoons left from the excavations for the 1939 
Third Set of Locks project, which was halted indefinitely by 
World War II. On the PAC west bank, Dams 1W and 2W 
will close 0.6- and 0.8-km-long low-land gaps across and 
south of the Cocoli River.

Geologic Setting

The PAC area sits at the northern edge of a low-relief 
coastal plain punctuated by small hills and underlain by 
igneous and sedimentary rocks of Miocene age. Volcanism 
resulting from subduction of the Caribbean Plate beneath 
the Isthmus emplaced the igneous rocks, strong basalts 
and gabbros of the Basalt Formation, and pyroclastic 
agglomerates and tuffs of the Pedro Miguel Formation. The 
sedimentary rocks are largely derived from erosion of the 
volcanics and range from moderately strong to weak, flat-
lying sandstone and siltstone of the La Boca Formation to 
very weak clay shale of the Cucaracha Formation. Tropical 
weathering has produced a widespread mantle of weathered 
rock and residual silty and clayey soils of variable thickness, 
but often well over 5 m thick.

Seismic Hazard

Contrary to the prevailing view of a century ago, Panama 
is now known as a region of relatively high seismicity 
driven by the motion of the Cocos and Nazca tectonic 

Figure 1.  Pacific entrance to the Panama Canal and location of 
the new Pacific Access Channel.
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plates that underlie the Pacific Ocean, and of the Caribbean 
and South American plates. Thrusting of the Caribbean and 
Nazca plates under the Isthmus occurs along subduction 
zones known as the North and South Panama Deformed 
Belts. Subduction beneath central Panama formed the 
present day system of crustal faults in the area of the Canal, 
including the nearly parallel, north-south trending Pedro 
Miguel and Miraflores faults that cut across the PAC and the 
foundations of the Borinquen Dams.

Two branches of the Pedro Miguel Fault are mapped 
to intersect the foundation of Dam 1E (Figure 3). One 
runs along the northern foot of Fabiana Hill and the other 
lies one-third of the dam’s length to the north. The Pedro 
Miguel Fault also crosses the foundation of Dam 1W. The 
Miraflores Fault cuts beneath Dams 2E and 1W, and other 
smaller unnamed faults underlie the Dams 2E and 2W 
foundations (Figure 4).

The Pedro Miguel fault 
has a length of about 48 km 
and could rupture together 
with the 28-km-long Limon 
fault to the north, and 
release an earthquake of 
magnitude 7.0. Such an 
earthquake would generate 
very strong shaking in the 
PAC area, and possibly 
create surface offsets in 
the Borinquen Dams 
foundations. The fault also 
appears to merge with the 

Miraflores fault just south of the Canal. Although the latter 
is not considered seismogenic because of its short 12-km 
length and weak geomorphic expression, it could displace 
sympathetically in response to a large earthquake on the 
Pedro Miguel Fault.

Design Criteria

In addition to the usual requirements for structural 
stability, tolerable deformations, and control of seepage and 
erosion under long-term operating conditions, the dams are 
designed for high seismic demands and the unusual loads 
of potential ship impact. The dams and abutments are 
required to withstand the 2,500-year earthquake without 
release of Gatun Lake or overtopping. They must also be 
able to withstand the 975-year earthquake shaking without 
damage that mandates emergency response and repairs, 

Figure 2.  Plan view of the Pacific Access Channel and locations of the Borinquen Dams.

Figure 3.  Geologic bedrock map of Dam 1E area and location of branches of the Pedro Miguel Fault.
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or impedes operation of the Canal. Probabilistic analyses 
of earthquake ground motions indicate that the 2,500-
year and 975-year earthquake motions at the dam sites are 
characterized by peak horizontal accelerations of 0.97g and 
0.72g, respectively.

The dam design also must accommodate the potential 
for foundation fault displacement and reservoir seiche 
associated with the maximum earthquake on the Pedro 
Miguel Fault. Accordingly, the dams are designed to 
withstand horizontal and vertical fault displacements in 
their foundations of 3 m and 1 m respectively, albeit with 
possible damage and need for subsequent repair.

Although navigation through the Canal is only allowed 
by highly trained and experienced pilots and is subject to 
strict traffic control and security measures, accidental loss 
of ship steering could lead to grounding on the dams. Thus, 
the design criteria require that the dams withstand impact 
of a 160,000-ton ship at a 30° angle with an approach 
velocity of up to 8 knots and that any damage to the dams 
be readily repairable.

Foundation Conditions

Massive earthworks were undertaken in the area of the 
dams during original construction of the Canal, as the 
locks at Pedro Miguel and Miraflores were built and as the 

navigation channel was excavated. Canal dredging and the 
1939 locks project excavations generated additional fills. 
Most of the Dam 1E footprint is underlain by uncontrolled 
fill ranging in thickness from a few meters to well over      
10 m. Soft sediments are encountered along the dam 
segment overlying Miraflores Lake, and alluvium is present 
in the former river channels and floodplain areas. The fill 
and alluvium are underlain by residual soils, sandstone, 
and siltstone of the La Boca Formation, and by the Pedro 
Miguel Formation beneath the southern third of the dam       
(Figure 3).

The dams and abutments are required 
to withstand the 2,500-year earth-
quake without release of Gatun Lake 
or overtopping.

Fill from the 1939 excavations consisting of dumped 
basalt cobbles and boulders in a fine-grained soil matrix, up 
to 20 m thick, and thin residual soils underlie the Dam 2E 
footprint. The soils are underlain by basalt rock, siltstones 
and sandstones of the La Boca Formation, and tuff and 
agglomerate of the Pedro Miguel Formation (Figure 4). 
Residual soils up to 10 m thick and basalt bedrock underlie 
the Dam 1W area. The Dam 2W area is underlain by basalt 
fill and thin residual soils, in turn underlain by the La Boca 

Figure 4.  Geologic bedrock map of the area of Dams 2E, 1W, 2W and locations of Miraflores Fault and unnamed faults.
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and Basalt Formations. A small basalt hill will separate and 
serve as abutment for those two dams.

Dam Design Concept

A rockfill embankment with a central earth core, 
founded on rock, was deemed as the optimum design 
concept (Figure 5) in view of several key factors:

• foundation conditions,

• available construction materials,

• short dry season in south central Panama,

• high seismic hazard and potential for foundation  
 fault rupture, and

• exposure to ship grounding.

A crest width of 30 m and an inboard face slope of 
3H:1V are used to form a broad upstream shell to prevent 
ship penetration from damaging the dam core during 
potential grounding. The wide crest and a slope of 3H:1V 
on the outboard face create a broad downstream shell 
to provide stability over possible weak bedding planes 
within the La Boca Formation. The core was configured to 
yield low hydraulic gradients with a moderate volume of 
impervious materials, which are cumbersome to place and 
compact in the region’s tropical climate. The vertical central 
layout of the core permits relatively expedient repair of this 
critical zone and its underlying foundation should they 
become damaged by fault offset or seismic displacement.

The filter and drain zones are designed to stanch internal 
erosion of the core or the foundation materials. The zones 
are sufficiently thick to absorb horizontal and vertical 
foundation fault offsets of 1 m and 0.5 m, respectively, 
anywhere in the foundation, and allow for displacement on 

possibly unrecognized minor faults along the dam length. 
Within 50 m of the crossings of the Pedro Miguel Fault, 
the thicknesses of the core and of the chimney filter and 
drain zones are increased to at least 1.5 times the design 
horizontal fault displacement. Likewise, the thicknesses of 
the blanket filter and drain zones are at least 1.5 times the 
vertical fault displacement.

Massive earthworks were undertaken 
in the area of the dams during original 
construction of the Canal, as the locks 
at Pedro Miguel and Miraflores were 
built and as the navigation channel 
was excavated.

Closure between the north end of Dam 1E and the 
west wall of the Pedro Miguel Locks will be achieved 
with a 90-m-long, secant-pile, plastic-concrete cutoff wall 
extending from the dam core to the northern gate monolith 
of the locks. The cutoff wall will cut through the backfill 
of the locks wall and the existing fill around the locks 
structure, and extend to depths of up to 18 m. Groundwater 
levels will need to be lowered temporarily by up to            
20 m to allow construction of the dams in the dry. Thus, 
a 1,700-m-long, 20-m-high cofferdam will be required to 
retain Miraflores Lake above the foundation excavation 
level of Dam 1E during construction (Figure 5).

The Dams Are Critical

The Borinquen Dams are critical elements of the 
Panama Canal Expansion and its Pacific Access Channel. 
Because they will retain Gatun Lake, the main waterway of 
the Panama Canal, they are vital to the Canal’s operation 
and must be built to withstand extreme event design loads 
with a high level of reliability. Such loading conditions 

Figure 5.  Typical cross-section of Dam 1E.
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include foundation fault rupture and ship impact, which 
are unusual demands in dam design requiring considerable 
engineering innovation.

The filter and drain zones are designed 
to stanch internal erosion of the core or 
the foundation materials.

Although the dams represent a modest portion of the 
Canal Expansion Program cost, they guard approximately 
one-third of Panama’s Gross Domestic Product, and yet 
significant hazards threaten their integrity. Thus, no effort 
has been spared to provide adequate redundancy with 
multiple lines of defense in their design and construction.

Lelio H. Mejia, Ph.D., P.E., G.E., M.ASCE, is a principal 
and vice president with URS Corporation in Oakland, CA, where 
he is responsible for project, staff, and technology development in 
URS’ dam and earthquake engineering practices. He was project 
manager and engineer for the design of the Borinquen Dams and 
can be reached at Lelio_Mejia@URSCorp.com.

Maximiliano De Puy, MECE, PMP, M.ASCE, has been 
manager of the Geotechnical Engineering Section of the Panama 
Canal since 1997. He supervises the geotechnical designs 
and geological investigations for the Canal, including the Cut 
Widening and the Expansion Programs.  He directs the Landslide 
Control, the Dam Safety, the Erosion Control and the Seismic 
Vulnerability Programs of the Canal. He can be reached at 
mdepuy@pancanal.com.

   Luis D. Alfaro, Ph.D., is the vice president of Engineering 
of the Panama Canal Authority.  He previously managed the 
Authority’s Geotechnical Branch for 14 years and presently 
directs all engineering work to mitigate risks to the Panama 
Canal, to support its continued maintenance, and to implement 
improvements to its infrastructure. He can be reached at 
lalfaro@pancanal.com.

Geo-Strata is interested in hearing from you. Please 
send your comments on this article to geo-strata@
asce.org. 
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   magine that drivers licenses, rather than being issued 
by a state and honored nationally, were issued by the 
various counties, cities, and other jurisdictions in a state…
and that not one of these jurisdictions recognized a license 
issued by any other jurisdiction, so you would need 
dozens of licenses just to drive within a 25-mile radius of 
your home. And imagine, further, that the same applied 
to automobile registration, meaning that every car would 
have to bear dozens of plates front and back. Now imagine 
how much you would have to pay for these “services”: 
the hard costs (money spent for test applications and 
renewals) and the far more substantial soft costs (the value 
of the otherwise-productive time spent to learn the various 
jurisdictions’ requirements, prepare for and participate 
in tests and inspections, track all personnel and facility 
records, pay all the bills, and so on).

Lunacy? Absolutely, but only in the virtual world, 
because the powers that be long ago decided to cooperate 

to develop and maintain the safe, effective system that 
contributes so much to the public good.

Now enter the all-too-real world of construction-
industry technical-personnel certification (quasi-driver 
licensure)/construction-industry laboratory accreditation 
(quasi-vehicle registration). Almost all of the nation’s 
state and local jurisdictions and agencies have the power 
to require individuals and organizations to meet their 
own requirements, and many do, even though their 
requirements are identical or almost identical to other 
jurisdictions’ or agencies’, a circumstance for which the 
public pays dearly, directly and indirectly.

Some say the substantial hard costs (program fees) 
and soft costs (the salaries of firm personnel involved 
in program management and compliance) comprise the 
price of safety. But that’s not true. Just ask a construction-
materials engineering and testing (CoMET) office manager 
whose employees must each pass the identical examination 
five times to perform their services in five neighboring 
jurisdictions that refuse to recognize the equivalency of 
meeting one another’s equivalent requirements. In the San 
Francisco area alone, CoMET firms must deal with more 
than 70 jurisdictions and agencies.

Some Background

The International Building Code (IBC), the most widely 
adopted, nationwide building code, establishes “special 
inspection” programs that rely on private-sector CoMET 
operations to function as extensions of local building 
departments, by evaluating critical building elements’ 
compliance with approved plans and specifications. 
Typical elements include soils, concrete, steel, welding, 
bolting, and spray-applied fireproofing, among others. The 
individuals who perform inspections must be “certified” 
by a jurisdiction’s chief building official, but the IBC fails 
to indicate how. It states only that each CoMET firm must 
be a recognized “agency” with personnel “experienced and 
educated in conducting, supervising and evaluating tests 
and/or inspections.”
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Figure 1.  Special inspection of reinforced concrete at The Don-
ald and Maureen Green Music Center, Sonoma State University, 
Rohnert Park, CA (photo courtesy of Kleinfelder, Inc.).
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The only recognized, relevant guidelines – the 
International Organization for Standardization’s ISO 17020 
and ISO 17025 – comprise criteria so general that building 
officials have almost unlimited discretion in setting 
personnel and facility requirements. Some building officials 
campaign to maximize efficiency without compromising 
public safety; others seem to believe that money is no 
object. And recognize that the IBC only covers vertical 
construction; i.e., buildings. It’s completely divorced from 
the array of civil-engineering structures such as highways, 
bridges, and water and wastewater treatment systems 
that comprise horizontal construction. Most CoMET 
consultants “do” both and they are painfully aware of how 
much it costs when the chief building official, the director 

of public works, and/or the chief transportation official 
do not coordinate their certification and accreditation 
requirements. How much? ASFE/The Geoprofessional 
Business Association assigned its CoMET Committee to   
find out, using three prominent U.S. cities as examples:      
Las Vegas, NV; Houston, TX; and Washington, D.C.

Three Cities’ Experience

To level the playing field, the Committee computed 
costs for a hypothetical CoMET firm that performs diverse 
observation/inspection and laboratory-testing functions 
with 25 field representatives and 5 laboratory technicians. 
Committee members interviewed CoMET firm executives in 
each city to obtain reliable data.

The three cities’ building and public-works personnel 
certification and operation-/facility- accreditation 
activities rely on multiple programs developed by myriad 
organizations with “skin in the game,” such as A2LA, 
AASHTO, ACI, AMRL, ASNT, AWS, IAS, ICC, NICET, NIST 
CCRL, and USACE, plus state and local DOTs. As shown 
in Table 1, compliance in D.C. costs 70 percent less than 
in Las Vegas and 20 percent less than in Houston, which, 
unlike the other two, imposes no quality standards on 
firms and personnel that evaluate private-sector building 
construction.

Why is the D.C. area so much less costly? Because 
of WACEL: An Association of Engineering Laboratories, 
Inspection Agencies and Building Officials. A not-for-profit 
group established in 1974 (as the Washington Area Council 
of Engineering Laboratories), WACEL certifies CoMET 
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Figure 2.  Special inspection of soils and reinforced concrete at 
One World Trade Center (Freedom Tower), New York, NY (photo 
courtesy of Kleinfelder, Inc.).

Figure 3. Special inspection of structural steel during the            
seismic upgrade of the Los Angeles County Department of     
Public Works Headquarters, Alhambra, CA (photo courtesy       
of Kleinfelder, Inc.).  

Figure 4.  Special inspection of soils, reinforced concrete, rein-
forced masonry, and structural steel performed at CityCenter, 
Las Vegas, NV (photo courtesy of Kleinfelder, Inc.).
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personnel and accredits CoMET laboratories for both 
horizontal and vertical construction, and encourages all 
area jurisdictions and agencies to use its programs, most of 
which do. The group’s private- and public-sector members 
share a common mission — to ensure construction integrity 
through a comprehensive system that is simpler, less 
time-consuming, less costly, and far less frustrating for all 
involved, in part because WACEL members realize that soil-
compaction testing is the same whether the soil is beneath 
a warehouse slab or a roadway.

The Bottom Line

It makes no sense for CoMET firms to spend three times 
what is actually required to comply with reasonable quality 
requirements, especially when the public must ultimately 
foot the bill. CoMET firms could eliminate all that waste 
– $2 of every $3 – if only the jurisdictions and agencies 
involved, as well as the certifying and accrediting groups, 
would recognize the equivalency of equivalent programs. 
They have been asked to do so, but they refuse. As such, 
to achieve what the D.C. area has achieved, you will have 
to work for it by starting a group like WACEL to foster 
public- and private-sector cooperation for the benefit of 
all…except those whose continued employment depends 
on noncooperation. By the way, WACEL will either give you 
its many programs or make them all available at low cost. 
Don’t want to work for that outcome? Then keep sitting on 
the sidelines. Just realize how much sideline tickets really 
cost.

John P. Bachner is the executive vice president of ASFE/The 
Geoprofessional Business Association located in Silver Spring, 
MD. He can be reached at john@asfe.org.

Jeffrey L. Cannon, a principal of Kleinfelder, is the 
company’s technical discipline leader for Construction 
Materials Engineering and Testing (CoMET) Services located 
in Sacramento, CA.  He also provides corporate quality 
assurance oversight of the company’s more-than 30 laboratories 
and CoMET operations. He can be reached at JCannon@
kleinfelder.com.

Sam Palmer, P.E., P.Eng., C.E.M., F.ASCE, a principal 
of Terracon, is the firm’s western operating group manager, 
responsible for the overall technical and administrative operations 
for offices in Nevada, Utah, Idaho, Washington, Oregon, and 
Western Canada. He is a member of Terracon’s Operations 
Committee and its Board of Directors. He can be reached at 
sdpalmer@terracon.com.

Richard E. Van Horn, P.E., a principal of Terracon, is 
engineering manager of the Construction Services Department 
in the firm’s Las Vegas, NV office. His responsibilities include 
oversight of field and laboratory tests, materials observation, 
report preparation, and supervision of quality assurance and 
quality control. He can be reached at revanhorn@terracon.
com.   
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TABLE 1: COST SUMMARIES

Location

Estimated 
Annual Hard 

Cost for 
Personnel 

Certifications

Estimated Annual 
Hard Cost for 

Operation/Facility 
Accreditation

Estimated 
Annual Soft 

Cost for 
Personnel 

Time

Estimated 
Total Cost
per Year

Estimated 
Cost per 

Field Hour

Las Vegas, NV $17,000 $28,000 $110,000 $155,000 $3.00

Houston, TX $9,000 $8,000 to
$11,000

$42,500 to
$50,000

$59,500 to
$70,000

$1.15 to 
$1.35

Washington, DC $6,000 $10,000 to
$12,000

$32,000 to
$36,000

$48,000 to
$54,000

$0.92 to 
$1.03

Geo-Strata is interested in hearing from you. Please send your comments on this article to geo-strata@asce.org. 
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We Must Not Sell Ourselves Short: 
Engineering is an Honorable 

Profession
By Bill Siegel, P.E., M.ASCE

   often wonder if people who have been in our profession 
for a number of years tend to become desensitized to the impact 
of the work we do as engineers. When immersed in projects 
on a daily basis, it is easy to lose sight of how our work affects 
the lives of many. Over the course of the last year, I’ve come to 
realize we are selling 
ourselves short and that 
a healthy reminder of 
the significance of our 
work would do us all 
good.

I was recently talking 
with my cousin, a piano 
tuner, about what I do 
for a living. From her 
perspective, it was a 
little unclear. She knew 
I was an engineer, but 
didn’t really know what 
that meant in terms of 
the specific work I do. 
When she asked what I 
do, I asked her if she wanted the 30-minute version or the three-
minute version. She enthusiastically requested the 30-minute 
version, something nobody had asked of me in years.

Not knowing where to begin, I just started talking. I told her 
about what we do with water: the levee work, the dam work, 
and how we protect ways of life. I started talking about energy 
and what we’re doing with solar power, wind power, and power 
lines. I went into detail about transportation, our developments 
in rapid transit, and what goes into keeping roads and bridges 
safe. I’m not sure how long I was talking, but when I was 
finished, the response I got was, “Wow! You guys do a lot of 
cool stuff!” It was a simple statement, but it reminded me of the 
wonderment that prompted me to become an engineer in the first 
place.

Over the next 10 months, I traveled to more than 50 of 
my firm’s offices and noticed a trend among the employees. 

The non-scientists, non-engineers, and non-architects were 
displaying the most pride in the work being done. They looked 
up to those who were coming up with solutions to problems. 
Even those doing office paperwork felt as though they were part 
of a team solving the world’s problems. It was the seasoned 

engineers who seemed 
too mired in their daily 
tasks to remember the 
significance of what 
they do. I believe we 
need to be able to take 
a step back and look at 
the bigger picture once 
in a while. For instance:

1. We built this 
country.

The fact that the 
U.S. is the world’s 
foremost economic 
superpower is 
largely due to our 

advancements in engineering and science. Had the Erie Canal 
not been constructed, westward expansion would have come 
to a halt and New York City would not have become what it 
is. Without the knowledge gained from the construction of the 
canal, life would be unsustainable in much of the country where 
water is sparse. 

American scientists and engineers were the ones who 
developed an inexpensive way to manufacture steel, which led 
to the industrial revolution. Along with it came more effective 
modes of transportation and building, leading to the population 
and economic booms. Without engineers, our country could not 
have become what it is today.

2. We make a difference in the world.

When we flip a switch, the lights come on. When we turn on 
the tap, we trust the water is clean and potable. When we drive 

Geo-Strata  l   geoinst i tute.org

I



  45

home from work, we trust the roads 
won’t collapse. Over the last 100 years, 
life expectancy has doubled in the U.S., 
the main factor in which has not been 
advances in medicine, but advances in 
clean water technology and sanitation. 
It amazes me to think of the difference 
each of our projects makes. We are 
solving the world’s problems every day.

Take for example my colleague, 
Jeremiah Jackson. A casual phone 
conversation with his brother, a 
journalist in India at the time, led to an 
innovative solution to remove arsenic 
from drinking water using not much 
more than plants and a hand pump, 
making it easy and affordable for 
millions of people in remote villages to 
have purified drinking water. Although 
this is just one of many projects I could 
mention, the thought of how grateful the 
children of these villages are illustrates 
the difference we make as engineers 
every day.

3. We get it right.

Consider the percentage of products 
that aren’t quite right. We depend 
on medicines with side effects and 
newspapers with daily corrections 
sections. A recent study even showed 
IRS agents give incorrect tax advice one-
third of the time. 

As engineers, what would happen 
if we were wrong just 2 percent of the 
time? What would happen to the U.S. 
if 2 percent of our roads and bridges 
collapsed, 2 percent of our dams and 
levees failed, and 2 percent of our 
drinking water was contaminated with 
arsenic?

With these three thoughts, I hope to 
remind all engineers that our country and 
our world would be completely different 
places if it weren’t for the work we do 
every day. Almost every person on our 
planet has been positively affected in 
some way by the engineering profession, 
and we should be proud of that every 
day we wake up and go to work.

This article was first published on 
GeoPrac.net

Bill Siegel, P.E., M.ASCE, is the 
president and CEO of Kleinfelder who 
helped to lead a growth strategy that 
turned Kleinfelder into a coast-to-coast 
company. Since joining the firm in 1985, 

he has occupied eight different positions 
across a broad range of operational and 
strategic roles, including senior vice 
president for corporate development 
and sitting on the company’s board of 
directors before being elected CEO 
in April 2009. He can be reached at 
bsiegel@kleinfelder.com
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The GeoCurmudgeon: 
Do As Hoover Did. Ignore What He Said.

By John P. Bachner

Most engineers are familiar with Herbert Hoover’s 1954 
article in Engineer’s Week where he wrote:

“To the engineer falls the job of clothing the bare 
bones of science with life, comfort, and hope. No 
doubt as years go by, people forget which engineer 
did it, even if they ever knew. Or some politician 
puts his name on it. Or they credit it to some 
promoter who used other people’s money with 
which to finance it. But the engineer himself looks 
back at the unending stream of goodness which 
flows from his successes with satisfactions that few 
professions may know. And the verdict of his fellow 
professionals is all the accolade he wants.”

Great advice, huh? Come 
up with something really 
amazing, let everyone else 
take credit for it, and be 
blissfully satisfied with your 
public anonymity. And this 
from an engineer who, in 
his earlier years, had three 
full-time PR professionals 
on staff, vying to see who 
would issue the news release 
announcing that Mr. Hoover 
had recently sneezed.

Do as he did, not as he 
wrote, because what he wrote 
is justification for exactly 
the kind of behavior that 
has turned the 500-pound 
engineering gorilla into a 
97-pound weakling. In fact, why do others get credit for 
something you did? Because you let them. I’m not suggesting 
that you give ultimatums – “Name this tunnel after me or 
wind-surf to work” – but, certainly, if you’ve performed 
the geoprofessional services for a significant structure, 
your name should be on the plaque honoring all those 
who clothed “the bare bones of science with life, comfort, 
and hope.” Nor is it unrealistic to make such appropriate 
recognition an element of the consideration you require for 
rendering your services, especially given that, as President 
Hover also wrote:

“The great liability of the engineer compared to 
men of other professions is that his works are out 

in the open where all can see them…. If his works 
do not work, he is damned.”

Some will contend that the risk of failure or alleged 
failure and the liability associated with it make not having 
one’s name on a plaque preferable to recognition, in case 
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hiding from a claim impossible and, that being the case, 
anonymity does not help geoprofessionals and most 
certainly does not help the geoprofessions.

Now consider the opposite approach. Imagine what 
would happen were the geoprofessionals of a community 
to actively court the news media, including the bloggers 
and Tweeters. The geoprofessionals could educate by 

addressing the importance of 
what they do in construction 
design and quality assurance, 
in cleaning and preserving 
the environment, and in the 
support of sustainability and 
material reuse. They could 
develop robust news release 
distribution lists to keep all 
media representatives apprised 
of developments. And they 
could use their news release 
to also reach out to client 
representatives, profession 
and industry colleagues, and 
other businesspeople in the 
community. After all, if you fail 
to treat yourself and what you 
do as a “big deal,” why should 
anyone else treat you and your 

accomplishments as a big deal?

Getting started in the PR realm is easy. Bearing in mind 
the dictum “News is what an editor thinks is news,” take 
some editors to lunch. Ask, “What would you consider 
newsworthy? What kind of additional information might 
make even a somewhat hum-drum news release – about a 
new hire, a promotion, the award of a new commission, 
etc. – more usable?”

Self-serving? Sure it is, but it’s profession-serving, too, 
because every geoprofessional is a representative of the 
geoprofessions. Admittedly, when just one geoprofessional 
issues one news release, it’s just a professional squeak. But 
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when 20 geoprofessionals issue news 
releases on a regular basis, they create 
a roar that puts geoprofessionals on 
the local media’s map. And the media 
then bring it to “the people,” helping 
geoprofessionals get credit where 
credit is due.

Now imagine that happening in 
every community across the nation 
where geoprofessionals live and 
work. The results would be pretty 
amazing. And don’t forget that your 
efforts to advance the geoprofessions 
in this manner would be a valuable 
byproduct of your efforts to advance 
yourself and your organization.

The notion that “the verdict of 
his fellow professionals is all the 
accolade [the geoprofessional] wants” 
is malarkey that justifies – if not 
glorifies – anonymity. Hoover himself 
never believed it for a second! He 
was a self-promoter par excellence 
and, because of that, he created an 
outstanding image for himself and a 
now-lost luster for all engineers.

You are a geoprofessional. You 
are a big deal. That’s why you, like 
Hoover, should let everyone know 
who you are and what you do. It’s 
about time you got the recognition 
you deserve from your fellow man, 
not just your fellow professionals.

John P. Bachner is the executive vice 
president of ASFE/The Geoprofessional 
Business Association, a not-for-profit 
association of geoprofessional firms; i.e., 
firms that provide geotechnical, geologic, 
environmental, construction materials 
engineering and testing (CoMET), 
and related professional services. 
ASFE develops programs, services, and 
materials that its members apply to 
achieve excellence in their business and 
professional practices. He may be reached 
at john@asfe.org.   

Geo-Strata is interested in hearing 
from you. Please send your 
comments on this column to        
geo-strata@asce.org.   
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The OMC Welcomes It’s Newest Organizational 
Member

The G-I Organizational Member Council (OMC) welcomes 
Bentley Systems to its group of 54 prestigious Organizational 
Members.

Bentley Systems is a global leader dedicated to providing 
architects, engineers, constructors, and owner-operators 
with comprehensive software solutions for sustaining the 
infrastructure lifecycle: from buildings to bridges, transit to 
utilities, and clean energy to clean water. Founded in 1984, 
Bentley has nearly 3,000 colleagues in more than 45 countries, 
$500 million in annual revenues, and, since 1999, has 
invested more than $1 billion in research, development, and 
acquisitions. For information: www.bentley.com/en-US/.

What We are Working On

•     We worked with the Geo-Strata magazine staff to provide 
these separate pages within the magazine that are focused 
on OM fi rm needs and issues. These separate pages are used 
to promote the OM fi rms, OM fi rm news, and as a forum for 
discussions that are important to OM fi rm members. As an 
Organizational Member, your fi rm gets the advantage of being 
listed in each Geo-Strata magazine.  

•     We worked with the G-I Board to increase the student 
stipend for selected students who attend the G-I annual 
congress and the OM/Student Reception. Next year’s event 
will be held on Sunday, March 13, 2011 at 7:15 - 9 pm at 
Geo-Frontiers 2011 in Dallas, TX. Student stipends have been 
increased from $200 to $325 per student. The OMC will select 
eligible students later this winter. * Remember that your OM 
fi rm gets to participate in the exclusive OM/Student reception 
at each annual conference. Plan to attend Geo-Frontiers to 
capture this advantage for your fi rm. 

•     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 our 2012 annual congress that 
are devoted towards the demonstration of the value of 
geo-engineering services to our clients. 

•     We worked with the Geo-Strata Advertising director and 
G-I manager to arrange a special discount for OM advertisers. 
Contact Dianne Vance at 703.295.6234.

•     Increasing the number of OM fi rms to provide a larger 
funding source for student support at the G-I annual 
conference. Recruit a member to strengthen our OM family 
and to secure continuation of our geo-profession.
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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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G-I Organizational
Member News

Agra Foundations Acquired by Soletanche 
Freyssinet

The Sept/Oct Geo-Strata incorrectly stated that Agra 
Foundations acquired Soletanche Freyssinet.  It should 
have stated that Agra Foundations was acquired by 
Soletanche Freyssinet. Nicholson President Andrew 
Walker, stated that “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.”  

Bret Rowan Joins Anderson 
Drilling Team

Bret Rowan, P.E., recently joined 
Anderson Drilling, a leader in 
deep foundation construction 
and design-build earth retention 
solutions servicing the western 
United States. Rowan received 

his B.S. in civil engineering from the University of 
Washington and his M.S. in civil engineering from San 
Diego State University. He brings more than 15 years of 
industry specific experience to the staff. He is currently 
licensed as a civil engineer in CA, AZ, NV, and OR. As a 
project manager, he will work with a seasoned staff based 
in the company’s Chino Hills, CA office which serves the 

Los Angeles Basin area.   

D’Appolonia Engineering 
Names New Shareholders

D’Appolonia Engineering 
announced the selection of 
Edward P. Voytko, P.E., Robert 
M. Shusko, P.E., and William J. 
Johnson, P.G., as shareholders. 
Voytko, a principal engineer and 
33-year veteran, directs civil and 
geotechnical engineering studies 
and evaluations involving soil and 
rock slopes, structure foundations 
and retaining walls, dams and 
reservoirs, transportation facilities, 
and forensic investigations for 
matters involving foundation 
damage, mine subsidence, slope 
failures, and construction claims. 
Shusko, a principal engineer 
with 16 years of experience, 
manages civil, mining, and 

environmental projects involving rehabilitation of 
dams, mine site development, and coal refuse disposal 
facilities, and industrial and mine site remediation/
reclamation. Johnson, a principal geologist, geophysicist 
and seismologist with more than 35 years of experience, 
directs projects involving natural gas and petroleum 
refining facilities, pipelines, off-shore production 
platforms, nuclear power plants, dams, and other 
industrial facilities in the U.S. and overseas.

Construction Firm Moves into Top Half of 
Rankings for Fastest-Growing Private Firms

Demand for foundation support on commercial and 
transportation construction projects has led design-build 
contractor GeoStructures to promote some staff and 
add others. Wes Barton was promoted to foundations 
superintendent, Tim Yezerski and John Chernitsky 
were hired as project managers, Stephen Pause, project 
engineer, and Saed Abusaif, who will lead the CAD 
department of the EarthTec subsidiary.

Coupled with the recognition as one of the country’s 
fastest-growing private firms (#1,864) from Inc. 
magazine for the second time, the company continues 
to grow in the foundation support, earth support, and 
roadway structures marketplace on the East Coast. 

“Even though the overall pace of construction activity 
has declined in the last couple of years, our niche has 
held up well,” says Michael Cowell, P.E., president of 
GeoStructures.“

New Projects in Maryland Use Recycled Concrete 
to Qualify for LEED Credits

Two sites at the Bethesda National Naval Medical 
Hospital in Maryland are undergoing ground 
improvement by design-build contractor GeoStructures, 
so that construction can start for buildings designated for 
the Warrior Transition program.

Beneath the designated area for Building 17, a multi-
story administrative structure, the company is installing 
Rammed Aggregate Pier® elements (RAPs) to ensure 
the ground’s ability to support the building. With 
subsurface conditions showing bedrock at varying depths, 
the company designed a system with conventional 
RAPs, uplift RAPs, and tie-down anchors to handle the 
required loads. Similar to conventional RAPs built with 
compacted aggregate in one-foot lifts, uplift RAPs include 
a harness that anchors to footings as a way of providing 
resistance against uplift forces as a result of wind or 
seismic forces. The RAPs range in length from eight to 
28 feet. Use of RAPs also contributed to material re-use 
credits in Leadership in Energy & Environmental Design 
(LEED), the green building certification system.  The RAP 
construction technique incorporated concrete recovered 
from the demolition of a building on site, which led to 
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several environmental benefits: the concrete was crushed 
on site, so there were no inbound truck shipments of 
new aggregate, no outbound hauling of old concrete, 
and no costs for land-filling the debris, thus limiting the 
carbon footprint of the overall project.

At the site for Building 62, also known as the Bachelor 
Enlisted Quarters and the Warrior Transition Unit 
Administration Center, conditions were similar with 
bedrock close to the surface in some areas and deeper in 
others. GeoStructures designed a system to accommodate 
the variations using RAPs to reinforce soils and to 
support spread footings for the structure, which will be 
comprised of three wings that wrap around an existing 
building. The RAPs here range in length from eight to 21 
feet. 

Completion of these two buildings in August 2011 
complies with the requirements of the Base Realignment 
and Closure mandate that is re-organizing the nation’s 
defense-related agencies and assets.

Geotechnology Drilling Group Marks Safety 
Milestone

Geotechnology, Inc., announced that the firm’s St. 
Louis Drilling Group attained 1,000 workdays without 
a loss-time accident. This amounts to over 141,000 man 
hours worked – a significant safety achievement.

 “I’m very proud of this achievement, particularly because 
of the inherent risks associated with drilling,” said 
John Bostwick, R.G., the company’s St. Louis Drilling 
Group manager.  “It’s also a testament to the success of 
Geotechnology’s company-wide safety program.” The 
company takes a multi-pronged approach to managing 
safety, including safety training, an enhanced safety 
incentive program, revitalized safety team, increased 
safety observations, and enhanced communication. The 
approach has successfully contributed to a more than a 
60% decrease from 2008 to the present in the company’s 
OSHA recordable incident rate. 

The company also announced that it recently purchased 
substantially all of the assets of Hall, Blake & Associates 
(HBA), a geotechnical engineering, construction 
materials testing and drilling firm based in Memphis, 
TN. Geotechnology now has an opportunity to expand 
services in the Memphis area through the three service 
lines both companies already share, as well as the 
environmental, geophysical, and non-destructive testing 
capabilities Geotechnology can add. 

Malcolm Drilling’s MEGA-Jet Cuts Through 
Seattle

Malcolm Drilling Company Inc. recently completed 
the ground improvement work on Sound Transit’s 

University Link Light Rail U230 Tunnel Contract with 
their newly upgraded MEGA-Jet grouting system. Sound 
Transit’s U230 Contract will expand an existing section 
of rail with twin tunnels between downtown Seattle, 
and Capitol Hill to interface with the U220 Contract 
that connects the University of Washington. Malcolm 
Drilling’s scope included construction of four ground 
improvement break-in/break-out blocks to assist 
the tunnel boring machines (TBM), providing the 
impermeable strengthened structure necessary for the 
TBMs to mine within at critical juncture points.

The complex geology of Seattle’s Capitol Hill posed 
one of the project’s greatest challenges. Seattle’s dense 
urban core and city street right-of-way constraints were 
also significant issues to overcome. The construction 
requirements were maintained with jet grout column 
diameters ranging from 8 to 12 ft, drill depths up to 86 ft, 
and drilling inclinations exceeding 25 degrees off vertical. 
Rick Hanke, Malcolm Drilling ground improvement 
project manager, stated “Both the tight access and highly 
variable ground conditions had made this one of the 
most challenging jet grout projects that I’ve ever worked 
on. However, testing the limits of our equipment has 
continually kept us at the forefront of the geotechnical 
construction industry and the successful completion of 
this project validates that fact.

18th Century Ship Found at Nicholson Jobsite
Insert photo:  Shipwreck12.JPG

Workers excavating the site of the future World Trade 
Center Vehicle Security Center, discovered remnants of 
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several environmental benefits: the concrete was crushed 
on site, so there were no inbound truck shipments of 
new aggregate, no outbound hauling of old concrete, 
and no costs for land-filling the debris, thus limiting the 
carbon footprint of the overall project.

At the site for Building 62, also known as the Bachelor 
Enlisted Quarters and the Warrior Transition Unit 
Administration Center, conditions were similar with 
bedrock close to the surface in some areas and deeper in 
others. GeoStructures designed a system to accommodate 
the variations using RAPs to reinforce soils and to 
support spread footings for the structure, which will be 
comprised of three wings that wrap around an existing 
building. The RAPs here range in length from eight to 21 
feet. 

Completion of these two buildings in August 2011 
complies with the requirements of the Base Realignment 
and Closure mandate that is re-organizing the nation’s 
defense-related agencies and assets.

Geotechnology Drilling Group Marks Safety 
Milestone

Geotechnology, Inc., announced that the firm’s St. 
Louis Drilling Group attained 1,000 workdays without 
a loss-time accident. This amounts to over 141,000 man 
hours worked – a significant safety achievement.

 “I’m very proud of this achievement, particularly because 
of the inherent risks associated with drilling,” said 
John Bostwick, R.G., the company’s St. Louis Drilling 
Group manager.  “It’s also a testament to the success of 
Geotechnology’s company-wide safety program.” The 
company takes a multi-pronged approach to managing 
safety, including safety training, an enhanced safety 
incentive program, revitalized safety team, increased 
safety observations, and enhanced communication. The 
approach has successfully contributed to a more than a 
60% decrease from 2008 to the present in the company’s 
OSHA recordable incident rate. 

The company also announced that it recently purchased 
substantially all of the assets of Hall, Blake & Associates 
(HBA), a geotechnical engineering, construction 
materials testing and drilling firm based in Memphis, 
TN. Geotechnology now has an opportunity to expand 
services in the Memphis area through the three service 
lines both companies already share, as well as the 
environmental, geophysical, and non-destructive testing 
capabilities Geotechnology can add. 

Malcolm Drilling’s MEGA-Jet Cuts Through 
Seattle

Malcolm Drilling Company Inc. recently completed 
the ground improvement work on Sound Transit’s 

University Link Light Rail U230 Tunnel Contract with 
their newly upgraded MEGA-Jet grouting system. Sound 
Transit’s U230 Contract will expand an existing section 
of rail with twin tunnels between downtown Seattle, 
and Capitol Hill to interface with the U220 Contract 
that connects the University of Washington. Malcolm 
Drilling’s scope included construction of four ground 
improvement break-in/break-out blocks to assist 
the tunnel boring machines (TBM), providing the 
impermeable strengthened structure necessary for the 
TBMs to mine within at critical juncture points.

The complex geology of Seattle’s Capitol Hill posed 
one of the project’s greatest challenges. Seattle’s dense 
urban core and city street right-of-way constraints were 
also significant issues to overcome. The construction 
requirements were maintained with jet grout column 
diameters ranging from 8 to 12 ft, drill depths up to 86 ft, 
and drilling inclinations exceeding 25 degrees off vertical. 
Rick Hanke, Malcolm Drilling ground improvement 
project manager, stated “Both the tight access and highly 
variable ground conditions had made this one of the 
most challenging jet grout projects that I’ve ever worked 
on. However, testing the limits of our equipment has 
continually kept us at the forefront of the geotechnical 
construction industry and the successful completion of 
this project validates that fact.

18th Century Ship Found at Nicholson Jobsite
Insert photo:  Shipwreck12.JPG

Workers excavating the site of the future World Trade 
Center Vehicle Security Center, discovered remnants of 
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an 18th century wooden ship on July 13. Nicholson 
Construction Company is a member of the joint 
venture responsible for constructing the foundation 
system for the new building. According to the New York 
Times, “The 30-foot length of the wood-hulled vessel 
was discovered about 20 to 30 feet below street level on 
the World Trade Center site. It is the first such large-scale 
archaeological find along the Manhattan waterfront since 
1982, when an 18th-century cargo ship came to light at 
175 Water Street.”

News of the find spread quickly. Archaeologists and 
officials hurried to the site, not only because of the 
magnitude of the discovery, but because construction 
work could not be interrupted and because the timber 
would begin deteriorating as soon as it were exposed to 
air.

Sanborn Head Receives 2010 ACEC Companies 
Engineering Excellence Award

Sanborn, Head & Associates was awarded a 2010 
American Council of Engineering Companies (ACEC)-
NH Engineering Excellence Award in the Small Projects 
category (defined as projects under $1 million) for the 
work on the remediation of the Pemigewasset Riverbank 
at Route 175A Bridge Replacement New Hampshire 
Department of Transportation in Plymouth, NH.

Terracon Expands 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, ND. Terracon is one of the 
nation’s largest employee-owned engineering consulting 
firms with headquarters in Olathe, KS. The acquisition 
allows Terracon to further expand its services to local 
and national clients, and gives them a presence in North 
Dakota. 

“Midwest Testing has an excellent regional history and 
reputation, and we are excited to have them become a 
part of Terracon,” said David Gaboury, P.E., Terracon’s 
president and chief executive officer. “The depth of their 
experience in North Dakota and our national resources 
will bring great value to clients.”

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. 

AMEC Wins Engineering Award for Advanced 
Earth-Movement Technology
 
AMEC, the international engineering and project 
management company, won an Engineering Excellence 
Grand Award from the Arizona chapter of the American 
Council of Engineering Companies (ACEC) for its 
development of a technology capable of identifying and 
predicting earth-movement threats.
 
The technology involves the in-house processing and 
interpretation of satellite-produced interferometric 
synthetic aperture radar (InSAR) data to measure ground 
deformation and produce digital elevation models 
(DEMs). Such data can reveal engineering threats 
related to land subsidence, earth fissuring, sinkhole 
development, and slope movement.
 
In its awards announcement, ACEC stated “this improved 
InSAR technology can detect very small elevation 
variations for areas as large as 100 square kilometers.” 
 
The company’s winning submittal noted that a clear 
representation of ground movement and prediction of 
future movement will help in the design of open pit 
mine operations, highways, dams, brine wells, and oil 
and gas operations.  
 
The technology was developed by AMEC’s Tempe, AZ 
offi ce with assistance from offi ces in Denver and Boulder, 
CO.
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G-I News

Jedele Becomes 2010-2011 President

Larry P. Jedele, P.E., D.GE, 
M.ASCE, became the new 
Geo-Institute president on 
October 7, 2010, having 
served as a governor on 
the Board since 2006. 
Jedele, currently Vice 
President/Principal of Soil 
and Materials Engineers, 
Inc. (SME) and manager 
of geotechnical services 
for all SME offices, has 
more than 37 years of 
experience in geotechnical 
evaluations and design 

recommendations. He is a 
specialist in geodynamic services including measuring 
vibrations, conducting field testing, evaluating data, and 
providing recommendations. For more information: www.
geoinstitute.org

G-I Board Elects 2 New Officers

The election of the new G-I Board of Governors officers 
occurred at the end of the BOG meeting in Portland, OR 
on October 7, 2010. According to the G-I Bylaws, Article 
VII, the BOG elected the following two officers by a simple 
majority vote of the Board:

Philip G. King, P.E., D.GE, F.ASCE 
G-I Vice-President, President-Elect
Synchro Pile, Inc.
San Antonio, TX

Craig H. Benson, Ph.D, P.E., D.GE, F.ASCE
G-I Treasurer
University of Wisconsin, Madison
Madison, WI 

In addition, Allen Cadden, P.E., D.GE, M.ASCE, Schnabel 
Engineering, West Chester, PA and William F. Marucson, 
Ph.D., P.E., NAE past president of ASCE, Vicksburg, MS 
began their official terms on the Board at the end of the 
meeting.

Registration Now is Open

Geo-Frontiers 2011 

March 13-16, 2011 

Sheraton Dallas Hotel 

Dallas, TX 

www.geofrontiers11.org

Save time. Save money. Attend Geo-Frontiers 2011 and 
participate in three conferences in one location due to the 
collaboration of meetings of the Geo-Institute (G-I), the 
Geosynthetics Materials Association (GMA), a division of 
the Industrial Fabrics Association International (IFAI), and 
the North American Geosynthetics Society (NAGS). Choose 
among 9 tracks, 8 Short Courses, plus all the events you’ve 
come to expect from a G-I annual conference, and so much 
more.  
 
The Preliminary Program is available on the conference’s 
website. 
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Looking for New Business?  Geo-Frontiers 2011 Potential 
Exhibitors and Sponsors: Contact 800.225.4324, 
1.651.225.6987, or searman@ifai.com

Reserve your room: 
Sheraton Dallas Hotel 
Dallas, Texas   
www.sheratondallashotel.com/
1.214.922.8000 or 1.888.627.8191 
Reservation Deadline: February 21, 2011 to receive the $139/
night + tax  group rate.

Have You Renewed Your Membership?

ASCE/Geo-Institute Members:  You should have received 
your 2011 Membership Renewal. If not, contact ASCE 
Customer Service at  800.548.ASCE (2723) or 703.295.6300 
(9:00 am - 6:00 pm ET) or email member@asce.org.

Professional Development Corner

WEBINARS

LRFD Drilled Shaft Foundations 
Friday, January 7, 2011 
11:30 am-1:00 pm
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17486

NEW!  Geo-Chemistry; An Important Tool for Geo-
Environmental Engineers 
Monday, January 10, 2011
12:00-1:30 pm
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17490

(LRFD) for Geotechnical Engineering Features - Two Part 
Series
Tuesday, January 18, 2011 and Friday, February 4, 2011
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17497

Integrity Assessment of Deep Foundations: Principles 
and Limitations
Monday, January 24, 2011
12:00 -1:30 pm 
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17503

SEMINARS

Design and Installation of 
Buried Pipes 
January 13-14, 2011 
San Francisco, CA
https://secure.asce.org/
files/estore/16797/
DesignInstBurPipe.pdf

NEW!  Introduction to Dam 
and Levee Safety, Evaluation 
and Rehabilitation 
February 3-4, 2011
Denver, CO
https://secure.asce.org/files/
estore/16848/IntroDamLevee.pdf

Soil and Rock Slope Stability
February 3-4, 2011
Las Vegas, NV
https://secure.asce.org/files/estore/16887/SoilRockSlope.pdf

Design of Foundations for Dynamic Loads
Seattle, WA 
February 9-11, 2011
https://secure.asce.org/files/estore/16811/DesFoundDynLds.pdf

Webinars When YOU Want Them

For the first time, ASCE will offer online access to archived 
webinars which will provide members the convenience of 
learning on your own time and will eliminate the time zone 
problems for our international members. Watch for more 
information!

Connect Internationally with a 
ISSMGE Membership

Jean-Louis Briaud, 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 
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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



Societies worldwide representing over 18,000 individual 
members who include 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/

New!  Scour and Erosion Conference 
Proceedings

Edited by Susan E. Burns, Shobha K. Bhatia, Catherine M. 
C. Avila, and Beatrice E. Hunt. 

Scour and Erosion, 
Geotechnical Special 
Publications (GSP) 210, is 
the proceedings of the 5th 
International Conference 
on Scour and Erosion, 
held in San Francisco, 
CA on November 7-10, 
2010. The conference was 
sponsored by the G-I, 
the Environmental and 
Water Resources Institute 
(EWRI) of ASCE, and 
the International Society 
for Soil Mechanics and 
Geotechnical Engineering 
(ISSMGE).

The collection contains 113 papers on scour and erosion, 
which constitute some of the most critical threats to 
maintaining infrastructure and quality of life throughout 
the world. The papers presented in this book examine the 
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scour and erosion of hillside, fluvial, estuarine, and coastal 
environments at the interface of water, soil, and rock.  Free 
Domestic Shipping! $185 List/$138.75 ASCE member.  
Soft cover. 1152 pp. Order online at  www.asce.org/Product.
aspx?id=12884902526

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/

Geo-Risk 
June 26-28, 2011 

Intercontinental Buckhead 

Atlanta, GA

www.georisk2011.org 

Members in the News

Brady R. Cox Receives C.A. Hogentogler Award 

Brady R. Cox, Ph.D., A.M.ASCE, assistant professor at the 
University of Arkansas in Fayetteville, AK, received the C.A. 
Hogentogler Award from ASTM International Committee 
D18 on Soil and Rock.
 
The Hogentogler Award is presented annually to the   
author or authors of a paper of outstanding merit on soil 
and/or rock for engineering purposes that is published by 
the Society.  Cox was honored along with his co-authors 
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Kenneth H. Stokoe, Ph.D., P.E., D.GE, M.ASCE, and Ellen 
M. Rathje, Ph.D., P.E., M.ASCE, for their paper, “An In 
Situ Test Method for Evaluating the Coupled Pore Pressure 
Generation and Nonlinear Shear Modulus Behavior 
of Liquefiable Soils.” The paper was published in the 
Geotechnical Testing Journal in 2009.
 
A graduate of Utah State University in Logan, UT, where 
he earned a B.S. and an M.S. in civil engineering, Cox 
received his Ph.D. in civil engineering from the University 
of Texas at Austin.  He has been an assistant professor in 
the Department of Civil Engineering at the University of 
Arkansas since 2006.
 
Cox joined ASTM International and Committee D18 in 
2010. He is also a member of the Earthquake Engineering 
Research Institute. 

David Daniel Selected 2012 Terzaghi Lecturer

David E. Daniel, Ph.D., 
P.E., NAE, Dist.M.ASCE, 
was selected as the 2012 
Terzaghi Lecturer by the G-I 
BOG.  Daniel, the fourth 
President of the University 
of Texas at Dallas, has been 
recognized by ASCE with 
its highest award for papers 
published in its journals 
(The Norman Medal) 
and on two occasions, 
awarded him its second 
highest paper award, the 
J. James Croes Medal.  His 

professional work has focused on environmental controls 
for contaminated land and groundwater.  He has published 
more than 100 technical articles and authored or edited five 
books. In 2005 and 2006, he served as Chair of the ASCE 
External Review Panel with review of the government’s work 
in identifying facts surrounding the performance of the 
New Orleans’ levees during Hurricane Katrina.

Holsinger Recognized with A. Ivan Johnson 
Outstanding Achievement Award 

Ronald E. Holsinger, P.E., M.ASCE, proficiency sample 
program supervisor at the AASHTO Materials Reference 
Laboratory in Gaithersburg, MD, received the ASTM 
International A. Ivan Johnson Outstanding Achievement 
Award for his significant contributions to Committee D18 
on Soil and Rock.

Holsinger is secretary of Committee D18 and works on 
several D18 subcommittees.  He also serves on Committees 
C01 on Cement, C09 on Concrete and Concrete Aggregates, 
D04 on Road and Paving Materials, and E11 on Quality and 
Statistics, where he is membership secretary. He has been 
recognized with the Richard S. Ladd Standard Development 
Award from D18 and an Award of Appreciation from E11. 
Holsinger has been a member of ASTM International since 
1990.

A graduate of the University of Pittsburgh, Pittsburgh, 
PA, where he earned a Bachelor’s degree in mechanical 
engineering and a Master’s degree in secondary education, 
Holsinger spent 17 years as a high school math and 
science teacher before beginning his career in construction 
materials testing at AASHTO in 1990. He was an assessor 
and supervisor in the soil program before assuming his 
current role in 2002. The AASHTO sample program for 
proficiency testing of construction materials distributes test 
samples of materials like soil, crushed stone, and asphalt 
for comparison testing to more than 2,000 laboratories and 
approximately 30 countries outside the U.S.  In addition to 
ASTM International, Holsinger is a member of the American 
Concrete Institute. 

Stokoe Presents Seed Lecture

(L to R)  I. M. Idriss (the first recipient of Seed medal in 1994), 
Kenneth Stokoe, Cristiano Melo (Chair, San Francisco G-I).

Ken Stokoe, Ph.D., P.E., D.GE., M.ASCE was presented 
the Seed Award and delivered the Seed Lecture – “Linear 
and Nonlinear Dynamic Properties of Traditional and 
Non-traditional Geotechnical Materials and Some Uses in 
Practice” – on September 23, 2010 at the San Francisco Geo-
Institute Chapter dinner meeting in Berkeley, CA.
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Dr. Stokoe has been working in the 
areas of in situ seismic measurements, 
laboratory measurements of dynamic 
material properties, and dynamic soil-
structure interaction for the past 38 
years. He currently serves as the Jennie 
C. and Milton T. Graves Chair in 
Engineering at the University of Texas 

in Austin. He received his Bachelor’s, 
Master’s, and Ph.D. degrees from the 
University of Michigan, and upon 
graduation taught at UMass for one 
year before coming to UT Austin. 
While at the University of Texas, he 
has explored and innovated in a 
wide variety of topics related to the 

dynamic properties of soils including 
the use of SASW, Resonant Column 
testing, and dynamic mobile field 
equipment among others. He has 
received numerous awards including 
being elected to the National 
Academy of Engineering and the 
Walter Huber Prize. 

IN MEMORIAM

John A. Focht, Jr., P.E., Hon. P.E., 
D.GE, Hon.M.ASCE, passed away on 
October 22, 2010 at the age of 87.

He was born in Rockwall, TX on Aug. 
31, 1923. He met Edith Rials at a 
square dance in Vicksburg in 1948, 
while he was employed with the 
U.S. Waterways Experiment Station, 
Vicksburg, MS. They married on   
Aug. 8, 1950.

He was a 1940 graduate of Austin 
High School and earned the rank 
of Eagle Scout while in high school. 
He attended The University of Texas, 
where he received his BSCE degree 
in 1944, and his Master of Science 
in Civil Engineering in 1948 from 
Harvard University. He was a veteran 
of World War II and the Korean War.

He was an accomplished engineer 
with McClelland Engineers, an 
internationally known consulting 
engineer, and a frequent speaker at 
universities in the U.S., and presented 
invited lectures in Mexico, China, 
Taiwan, Thailand, Singapore, and 
Saudi Arabia. He was a member of 
Tau Beta Pi and Chi Epsilon. He 
was awarded many professional 
honors and awards in his field. 
He was active in his church and 
community, Grace United Methodist 
in Houston. During his term as 
national president of ASCE, his 
theme was “The Civil Engineer being 
a good Citizen Engineer” and the 
Texas ASCE membership created an 
award in his honor named the “John 
A Focht Jr. Citizen Engineer,” and 
award given annually to an engineer 
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for outstanding contributions in the 
community. For more information:  
http://content.geoinstitute.org/files/pdf/
INMEMORIAM.pdf

G-I Chapter 
News

Vermont Becomes G-I 
Chapter

The G-I welcomed the Vermont 
Section of ASCE as its newest Geo-
Institute Chapter on October 7, 
2010. The objective of the newly-
formed Vermont Geo-Institute 
Chapter, Chapter is the advancement 
of the science and profession of 
engineering in a manner consistent 
with the purpose of the ASCE. The 
new officers of the Chapter are John 
Stevens, Ph.D., P.E., chairman, Chris 
Benda, P.E., vice chair, and Adam 
Sevi, Ph.D., P.E. secretary/treasurer 

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. You 
can 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

IECA Announces 2011 Board 
of Directors

The International Erosion Control 
Association’s (IECA) membership 
voted to re-elect Julie Etra, MS, CPESC 
and Tom Williams, MA, CPESC to the 
2011 Board of Directors. Joining Etra 
and Williams to the 2011 Board of 
Directors is new board member Beth 
Chesson, CPESC, CPSWQ. 

Chesson will begin her term in 
February alongside fellow Board 
members Julie Etra, MS, CPESC, 
Philip Handley, REM, CPESC, 
CESSWI, Lee Johnson, CPESC, Sandy 
Mathews, Rick Morse, CPESC, Brock 
Peters, CISEC and Tom Williams, MA, 
CPESC. 
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IECA is the world’s oldest and largest 
association devoted entirely to 
helping members solve the problems 
caused by erosion and its byproduct – 
sediment.

Singapore 2011 — an 
International Perspective 
on Water Resources and the 
Environment

January 4-6, 2011
Singapore
www.ipwe2011.org/

This conference, sponsored by the 
Earth, Water Resources Institute 
(EWRI) of ASCE, at the National 
University of  Singapore will include 
engineers, scientists, planners, 
economists, and legal professionals 
from all over the globe. 

Themed “Sustainable Environmental 
and Water Resources Management,” 
this event is the 4th in a series 
of ASCE-EWRI International 
Conferences occurring in Chennai, 
India, on January 5-7, 2010; Bangkok, 
Thailand, on January 5-7, 2009; and 
New Delhi, India, on December 18-
20, 2006. This conference series has 
become a successful annual event 
with hundreds of attendees from 
more than 25 nations. 

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/

For abstract information: http://
eggesymposium.com/egge/?TabID=64
Abstracts due January 10, 2011         

The Symposium on Engineering 

Geotechnics

MISSOURI UNIVERSITY OF SCIENCE AND TECHNOLOGY 
Formerly University of Missouri-Rolla  •  Founded 1870

Geological engineers, civil engineers, mining engineers 
and geologists working in the geotechnical industry — 
advance your careers through Missouri University of 
Science and Technology’s geotechnics graduate degree 
and certi�cate program.

Missouri S&T is one of the top geotechnology schools in the country.  
Its unique program provides the �exibility of online learning with courses 
taught by Ph.D. faculty who are leaders in their �eld. 

http://gtech.mst.edu • gtech@mst.edu • 573-341-6714

Education that fits
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Geokon is
ISO 9001:2008
registered

Geokon, Inc. makes several types of sensors for 
monitoring the stability of loose boulders, unstable 
slopes and fractured rock masses. Shown above 
is a device that can be wedged into cracks to mea-
sure any movement to one thousandth of an inch. 
Visit www.geokon.com for other standard, or cus-
tom-built, sensors applicable to your situation. 

danger!

Custom Design:

Spring-loaded 

scissors jack device.

beware of falling rocks!
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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.

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

St. Louis, MO

www.pela.com/sinkholeconfer-

ence2011.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. The 
conferences were to serve 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 
our 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

News from ASTM 
International

The 3rd edition of the compilation, 
ASTM Standards for Determining 
Subsurface Hydraulic Properties 
and Groundwater Modeling, is now 
available from ASTM International. 
This new edition features the latest 
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research available for determining subsurface hydraulic 
properties and groundwater modeling
 
Many of the ASTM International standards included in 
the compilation were developed with the help of U.S. 
government agencies such as the Environmental Protection 
Agency (EPA) and the U.S. Geological Survey (USGS), 
as well as the U.S. Navy. Due to their significant value 
and technical relevance, these standards continue to be 
a vital resource for hydrogeologists and countless other 
professionals in the geoenvironmental and geotechnical 
fields.  
 
To purchase ASTM publications, search by stock number 
on the ASTM Web site (www.astm.org), or contact ASTM 
Customer Relations at 610.832.9585. 
 

ICVRAM 2011
April 11-13, 2011

College Park, MD

www.asce.org/PPLContent.aspx?id=2147487998

The First International Conference on Vulnerability and 
Risk Analysis and Management 2011 (ICVRAM 2011) 
is organized by the ASCE Council on Disaster Risk 
Management. This conference will provide a forum for 
experts and decision-makers involved in vulnerability 
and risk analysis and management to share information 
on current and emerging hazards and research results 
affecting the built environment. This conference and 
subsequent publications will help transition intellectual 
discussions into robust frameworks for handling emerging 
vulnerabilities and risks, and provide the leadership and 
initiative required to respond to national and international 
disasters. 

To submit information for Geo-Strata magazine, or 
possible posting on the Geo-Institute web site at www.
geoinstitute.org, send us brief news about your recent 
honors, awards, special appointments, promotions, 
etc. High-resolution photos must be sent as separate 
files. Send to geo-strata@asce.org. Sales-oriented content 
should be directed to Dianne Vance, Director of 
Advertising at (703) 295-6234.
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We share your vision for the Civil Engineering 
Profession in the 21st Century.
Your commitment to creating a sustainable world and enhancing 
quality of life is advanced through the gifts you make.

It is the ASCE Foundation’s pride and privilege to advance the 
realization of this shared vision through philanthropy.

Go to www.asce.org/foundation to donate securely online 
and to find other ways to give.

Your gift is tax deductible. The ASCE Foundation is a 501(c)(3) not-for-profit organization. 
EIN: 52-1891243

YOUR FOUNDATION. 
YOUR FUTURE.Counting on a tax deduction 

this year? 
Mark your calendar to ensure that 

your year end gift is postmarked by 
December 31st. You may be eligible 

for a 2010 charitable deduction. Learn 
more at www.asce.org/foundation/

plannedgiving

Together, We Will Build a Better World.



The product or service you need is out there—somewhere.  
ASCE will help you find it with our new Online Buyers’ Guide.

 The ASCE Buyers’ Guide is an online directory designed  
just for civil engineers. More targeted than a simple Web search,  
the Buyers’ Guide allows you to quickly access what you need.  
Using the Internet’s most advanced classification system,  
the ASCE Buyers’ Guide lets you search by product and service 
categories, state/region, or company name.  
The results will be pulled from a database of quality vendors  
to whom you can directly  
contact or send Requests  
for Quotes.

Start searching today on  
www.ASCEBuyErSGuidE.Com.

Your search engine for  
all things civil engineering.

AdvErtiSErS
For information on putting your company 
information in front of ASCE members, 
contact Dianne Vance, CAE at 703.295.6234, 
or dvance@asce.org.

Seek and you shall find.



Ultrafine Cement in Pressure 
Grouting

Ultrafine Cement in Pressure Grouting presents the technical and practical 
information required by engineers to plan and implement grouting programs that 
are cost effective and technically sound. As a key component of modern grouting 
programs, ultrafine cement is an ideal solution for geotechnical engineers and con-
struction contractors who are grappling with the challenges of managing costs while 
developing sites that may be less than ideal. Increasingly, the virtues of ultrafine ce-
ment lead engineers and contractors to use it rather than the less-expensive portland 
cements. 

The authors concisely define ultrafine cement, describe its engineering properties, 
and explain its manufacture, packaging, and storage. Mixing and pumping procedures and quality control issues are 
covered, as well as recommendations for specifying ultrafine cement in contracts. An appendix offers 16 brief project 
descriptions. Ultrafine Cement in Pressure Grouting is a fundamental reference that will be consulted frequently by 
geotechnical engineers who specify grouting materials for construction projects.

Raymond W. Henn, Ph.D., P.G.,  is a principal of Lyman Henn, Inc., where he is responsible for tunnel and under-
ground engineering and for construction management services. He is the author of Practical Guide to Grouting of 
Underground Structures (ASCE Press, 1996) and the editor of AUA Guidelines for Backfilling and Contact Grouting of 
Tunnels and Shafts (ASCE Press, 2003). Nathan C. Soule, P.E., P.G., is a project engineer at Lyman Henn, Inc., work-
ing on geotechnical and geological projects.

2010, ASCE Press  |  Soft Cover, 82 pp.  |  ISBN 978-0-7844-1027-1  |  Stock # 41027  |  List $65, ASCE Member $48.75

Compaction Grouting 
Consensus Guide 
Standards ASCE/G-I 53-10 
Compaction Grouting Consensus Guide focuses on the practical and engineering 
aspects of compaction grouting as a technique of ground improvement. Compac-
tion grouting increases the density, strength, and stiffness of the ground through 
slow, controlled injections of low-mobility grout that compacts the soil as the grout 
mass expands. The technology can be applied to a wide range of soils, in most 
cases being used to improve the engineering properties of poorly compacted fills 
and loose native soils. Compaction grouting can be applied equally well above or 
below the water table. 

This standard promotes good practice in compaction grouting and is essential reading for anyone involved in specifying, 
designing, or undertaking compaction grouting.

How to Order   Phone: 1-800-548-2723 (U.S.) / 1-703-295-6300 (Int’l)  |  Fax: 1-703-295-6211
Web: www.asce.org/pubs  |  E-Mail: pubsful@asce.org

20102010New From

Raymond W. Henn and Nathan C. Soule

2010, ASCE  |  Soft Cover, 96 pp.  |  ISBN 978-0-7844-1094-3  |  Stock # 41094  |  List $75, ASCE Member $56.25
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