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GARRY H. GREGORY

To be or not to be – Board Certified? That is the question.  
Can specialty certification help us “raise the bar” to elevate  

the profession? 
 

As we progress through our careers in geotechnical engineering, 
not unlike other branches of engineering, becoming licensed as a 
professional engineer (PE) is both a goal and a necessity for most. 
Indeed, the PE license is necessary in practice to be in responsible 
charge of engineering projects, processes, and related consulting. 
The PE license is typically achieved by passing the requisite exams 
and attaining a minimum of four years of post-engineering degree, 
qualifying experience under the supervision of an experienced PE. 
The attainment of the PE indicates a minimum level of competence 
to practice. The years of quality experience and continuing education 
that follow are the true indicators of the professional maturity and 
capabilities of the engineer. 

But how do we measure these qualities? One way to show an advanced level of compe-
tence is to list our records (resumes) of accomplishments, including significant projects, 
important research, publications, and references. In my experience, however, impressive 
resumes with lists of accomplishments can appear very similar for two individuals with 
vastly different levels of competency. It can take a lot of effort for a potential employer 
or client to evaluate the backgrounds and accomplishments in enough detail to have a 
reasonable understanding of the individual’s true abilities. This is often not practical for all 
the instances where the capabilities of an engineer need to be evaluated within a relatively 
short time frame.

This situation is somewhat analogous to the medical profession. It’s relatively easy to 
find a general practitioner for our minor day-to-day medical needs; to a large extent, we can 
initially rely on the medical license as an indicator that the person is minimally qualified 
(similar to the PE license). However, if open-heart surgery is needed, now we’re faced with a 
totally different situation. We would not be comfortable with just anyone who has a medical 

From the President

To Be or Not to Be
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license. We now need a specialist! Typically the initial indicator 
may be that the medical doctor is “board certified” in the 
specialty area we need.

The ASCE “Raise the Bar” initiative initially sought to ele-
vate our profession by advocating for an advanced degree (or 
equivalent) in civil engineering as a requirement for licensure 
as a PE. This would have elevated the PE license to something 
higher than just an indicator of minimal competency and 
would indicate competence in a specialty area. However, after 
many years of advocating for this requirement, not a single 
state engineering licensure board has adopted it. Perhaps the 
answer to elevating the profession is specialty certification 
(board certification) similar to the medical profession.

In civil engineering, the process of specialty certification 
is under the auspices of Civil Engineering Certification (CEC), 
a wholly-owned subsidiary of ASCE, with totally independent 
autonomy in carrying out the certification process. Currently 
there are three specialty area academies under the CEC (with 
more on the way).

The Academy of Geo-Professionals (AGP) is the certification 
academy for geotechnical engineers. The AGP was established 
in 2008 and inducted the first group of approximately 50 
eminent geotechnical engineers at the annual Geo-Congress 
in Orlando, FL, in 2009. Since that time, the number of AGP 
board-certified engineers has grown to approximately 350. 
The certification credential conferred by AGP is “Diplomate, 
Geotechnical Engineering” (D.GE). Applicants are evaluated 
by an AGP Applications Panel of experienced geotechnical 
engineers holding the D.GE certification. Board certification 
requires high ethical standards, an enhanced level of 
continuing education, an advanced degree in geotechnical 
engineering, PE licensure, a minimum of eight years of 
progressive geotechnical engineering experience following 
the PE, and passing of an oral examination in the individual’s 

designated specialty area(s). The examination can be waived 
by the Board of Trustees in special cases where the person has 
many years of qualifying experience and is eminent in the 
profession. The full requirements for certification are available 
on the AGP website: geoprofessionals.org.

While no specialty process is perfect, I believe board 
certification can play a significant role in raising the bar in the 
geotechnical engineering profession. The D.GE designation 
is an immediate and substantial indicator that the individual 
is well qualified in the specialized practice of geotechnical 
engineering, beyond that indicated by the PE alone. The 
designation is being recognized more and more, and numer-
ous clients are now either requiring a member of the project 
team to be a D.GE or giving extra credit for the D.GE in the 
qualifications-based selection process for projects. As your 
Geo-Institute president, I highly encourage qualified engineers 
to attain the D.GE and young geotechnical engineers to place 
the D.GE goal solidly in their career path. If we work together in 
this way, we can significantly elevate our profession and better 
serve our clients and the public. 

Garry H. Gregory, PhD, PE, D.GE, M.ASCE
Geo-Institute President
ggregory@gregeo.com



The theme of the March/April 2012 issue of GEOSTRATA was titled 
Dams: Managing an Aging Infrastructure. Although largely devoted 
to case histories, that issue did give some space to the relatively new 
idea of risk-informed decision making (RIDM). The five years since 
have seen a continued movement away from traditional deterministic 
thinking and a wide adoption of RIDM in geotechnics, particularly in 
the design and evaluation of water resource systems. That trend is 
strongly reflected in this current issue, as you will find references to 
the changing design standards and approaches to risk in nearly every 
article − with a few dedicated almost entirely to this topic.

From the Editorial Board

WILLIAM K. PETERSEN
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Upon reviewing the content for this issue, I was 
struck by the sheer number of acronyms (29, to 
be exact), some of which appear in more than 
one of the articles. To cut down on your time 
spent searching for the elusive first reference, 
we have included an acronym glossary on the 
next page.

Our “As I See It” commentary by Nate 
Snorteland launches right into the topic of RIDM 
in “Risk-Based Design Standards.” Shortcomings 
in the use of current dam design standards make 
it difficult to assess the true safety margins of 
these structures. As part of the move toward 
newer risk-based design standards, it’s important 
to view dams and levees as “systems” −  
composed of mixed structure components − 
instead of merely as a single “structure.”

In their article entitled “Restoring Steinbeck’s 
Carmel River,” Craig Hall and Stephen Brown 
describe the geological and environmental chal-
lenges that were successfully met while removing 
the 106-ft tall, concrete-arch San Clemente dam, 
which had been deemed unable to withstand 
either a MCE or PMF. Managing the very large 
volume of sediment in the reservoir and cutting 
a bypass channel through a granitic ridge were 
among the major complications involved with 
this $83M design-build project in Monterey 
County, CA.

Another article discusses the necessity of 
replacing the 90-year-old Calaveras Dam in order 

to restore reservoir capacity following pool low-
ering in response to seismicity concerns posed 
by the nearby Calaveras Fault. In “Whose ‘Fault’ 
Is This?” Aron Parsons, Michael Forrest, Susan 
Hou, and Tedman Lee enumerate the array of 
potential geologic hazards encountered by this 
project, including the discovery of a previously 
unknown landslide complex and several bedrock 
faults during construction. Fortunately, the risk 
management measures employed on the project, 
including contractor pre-qualification and use 
of a risk register, overcame these obstacles with 
minimal disruption, notwithstanding a four-year 
extension of the construction schedule.

Scottie Barrentine explains how a sinkhole at 
Boone Dam led to the TVA’s adoption of GIS and 
RIDM as integral components of its dam safety 
program in “When Things Became Muddy.” The 
complex karst conditions at the dam site, near 
Kingsport, TN, gave rise to some highly unusual 
observations during the sinkhole investigation, 
including internal erosion of non-dispersive, 
highly plastic clays and seepage flowing 
upstream towards the reservoir – both of which 
resulted from extreme groundwater gradients 
that developed following heavy rains.

Jonathan Harris begins “Dam Safety 
Management Using Risk-Informed Decision-
Making Methods” by recounting, in part, a 
family story related to the failure of the St. 
Francis Dam in Southern California in the 1920s. 
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Having a personal connection to the subject of dam safety, 
he presents an overview of current design standards (and 
their development), and discusses the advantages of moving 
from standards-based dam safety methods to PFMA and the 
benefits to be gained from the implementation of RIDM.

In “The Case for Tolerable Risk Guidelines to Manage Flood 
Risk,” Lawrence Roth and Jessica Ludy recognize that Mother 
Nature gets the final word on flood protection systems. The 
message delivered by Hurricane Katrina was that LOP method-
ology is a flawed approach to achieving public safety, health, 
and welfare. By contrast, TRGs consider both probability and 
consequences of failure, allowing for a much more meaningful 
evaluation of various risk sources.

This issue also contains two articles that are unrelated to 
water resources, yet provide worthwhile reading. “Connecting 
Faculty in Geotechnical Engineering” highlights the impor-
tance of maintaining a social network to achieve success in 
both industry and academia. The authors, Patricia Gallagher, 
Sharon Alestalo, Adda Athanasopoulos-Zekkos, Shobha Bhatia, 
and Sucheta Soundarajan, are leading the NSF-sponsored 
program. They outline the motives and objectives of the effort 
for our readers.

Another NSF-sponsored initiative, “NSF Workshop on 
Geotechnical Fundamentals,” is described by Susan E. Burns, 
Patricia J. Culligan, Ning Lu, Juan Carlos Santamarina, and 
Alexandra Wayllace. The Workshop focused on fundamental 
principles underlying current and anticipated developments 
in geotechnics and on how the geotechnical research com-
munity can contribute to the real-world challenges facing 
humanity today.

Jeff Keaton is featured as the GeoLegend in this issue. 
His interview was put together by Amy Getchell, Anahita 
Modiriasari, Eimar Sandoval, Mohammadhasan Sasar, and 
Rodrigo Borela Valente. We’re also proud to highlight yet 
another offering from our GeoPoet, Mary Nodine, aptly titled 
“Rapid Drawdown.” This is, by all accounts, a real “watershed” 
issue of GEOSTRATA. 

This message was prepared by WILLIAM K. PETERSEN, PE, 

M.ASCE. He can be reached at wpetersen@schnabel-eng.com.

Acronym Glossary
AEP Annual Exceedance Probability

CAL-AM California American Water

CDRP Calaveras Dam Replacement Project

CFR Combined Flow Reach

CRRDR Carmel River Reroute and Dam Removal Project

DSOD California Division of Safety of Dams

EAD Expected Annual Damages

EAF Expected Annual Fatalities

EAP Emergency Action Plan

FERC Federal Energy Regulatory Commission

GIS Geographic Information System

LOP Level of Protection

HPS Hurricane Protection System

MCE Maximum Credible Earthquake

NCLS National Committee on Levee Safety

NFIP National Flood Insurance Program

NMFS National Marine Fisheries Service

NRC Nuclear Regulatory Commission

NSF National Science Foundation

PFMA Potential Failure Mode Analysis

PMF Probable Maximum Flood

QFZ Quarry Fault Zone

RIDM Risk-Informed Decision Making

SFPUC San Francisco Public Utility Commission

STEM
Science, Technology, Engineering  
and Mathematics

TRG Tolerable Risk Guidelines

TVA Tennessee Valley Authority

USUCGER
U.S. University Council on Geotechnical 
Education and Research

WSIP Water System Improvement Program



12 GEOSTRATA MARCH/APRIL 2017

Board of Governors Update

As part of our focus on technical 
committee activities and increasing the 
interface between researchers and prac-
titioners, the G-I will be supporting the 
following technical committee special 
projects over the next fiscal year:

Computational Geotechnics 
Report on the State-of-Practice of 
Computational Modeling in Geo- 
technical Engineering. This report 
will focus on documenting the 
state-of-practice in computational 
geotechnics, with main objectives 
being the connection with practitioners 
using computational tools and 
the identification and highlight of 
opportunities and challenges facing this 
important area of geotechnics.

Deep Foundations
Deep Foundations Committee Speaker 
Fund. Technical content (e.g., case 
studies, short courses, state-of-practice 
presentations, cross-country lectures, 
or specialty topics) on deep foundations 
will be prepared and delivered to G-I 
chapters or at regional conferences.  

Update of ASCE 20-96, Standard 
Guidelines for the Design and 
Installation of Pile Foundations. We 
will continue to work on the update of 
this important guideline. 

Earth Retaining Structures
G-I Sponsored Web Conference for 
Earth Retaining Structures. A one-day 
web conference on Earth Retaining 
Structures (ERS), with sessions recorded 
and available later, will be developed 
and presented. 

Research on Graduate-Level Education 
in the U.S. for ERS. Geotechnical 
companies involved in ERS design and 
analysis in the U.S. will be surveyed with 
the aim of identifying current successes 
and needs in the graduate research 
education related to ERS provided by 
U.S. institutions. The results of the study 
will be published in GEOSTRATA. 

ERS Committee Speaker Fund. In accor-
dance with directives and requests from 
local chapters, established speakers on 
ERS will be reimbursed travel costs to 
present to G-I regional conferences. 

ERS Committee Newsletter. A quarterly 
electronic newsletter will be established 
to expand the outreach and relevance 
of the ERS Committee to the G-I 
community. 

Earthquake Engineering  
and Soil Dynamics 
EESD Committee Speaker Fund. National 
experts in earthquake engineering will 
be reimbursed travel costs to give talks at 
local ASCE and G-I chapters and local and 
regional civil engineering conferences.

Embankments, Dams, and Slopes 
Landslide Risk Assessment White Paper. 
An EDS Committee working group 
on landslide risk assessment will be 
established to allow the Society and 
the G-I to take national technical 
leadership on this important contem-
porary topic and help guide local, state, 
and federal policy actions. A brief white 
paper will be produced and dissemi-
nated to G-I members as well as public 
officials at the local, state,  
and federal levels.

Engineering Geology and Site 
Characterization
Update of ASCE Manual No. 56, 
Subsurface Investigation for Design 
and Construction of Foundations of 
Buildings. ASCE Manual No. 56 was 
issued in 1976 by ASCE for use by the 
profession. The committee will develop 
an approach for the manual upgrade. 

Course Material on Engineering 
Geology for Civil Engineers. Course 
modules (4-6 PowerPoint presenta-
tions/videos) that can be adopted by 
academic institutions and professional 
organizations will be developed to 
educate students/professionals on key 
aspects of engineering geology. 

Geoenvironmental Engineering
Manual on Geoenvironmental 
Engineering Practice. A manual will  
be developed to “consolidate” the state 
of the practice and art in geoenvi-
ronmental engineering. The manual, 
published by ASCE, will be geared 
toward practitioners, and will consist  
of short, straight-to-the-point sections 
or chapters on “what we know” and 
“what to do.” 

Grouting 
Grouting Committee Speaker Fund. 
Lectures (2-3) on different aspects of 
grouting and grouting techniques will 
be developed and will be available for 
any committee member who would be 
willing to present them at local ASCE 
and G-I chapter meetings to help spread 
the word on grouting. 

Pavements 
Videotaping of 5th Monismith Lecture. 
Dr. David Anderson, professor emeritus 
at Pennsylvania State University, will 
deliver the 6th Monismith Lecture in 
Pavement Engineering at the T&DI 
International Airfield and Highway 
Pavement Conference, to be held in 
Phildelphia in August 2017. A videotape 
of this lecture will be recorded and 
posted on the G-I’s YouTube channel.

Risk Assessment and Management 
Risk Assessment and Management 
Committee Speaker Fund. Short courses 
and lectures on geotechnical risk will be 
delivered to ASCE sections or branches 
across the U.S. The committee already 
has four lectures lined up for 2016-2017 
in Arizona, St. Louis, San Diego, and 
Hawaii, and others may be arranged.

Soil Improvement 
Soil Improvement Committee Speaker 
Fund. Presentation modules (PowerPoint) 
will be developed on (1) ground 
improvement techniques for increasing 
axial and lateral resistance foundations, 
and (2) selecting appropriate ground 
improvement methods and acceptance 



criteria. The modules will be presented to 
G-I chapters or at regional conferences.

Soil Properties and Modeling 
Technical Content on Soil Properties 
and Modeling. A standardized 
lecture series and short courses on soil 
properties and modeling topics will be 
developed. The topics and a list of com-
mittee members available to present will 
be provided on the committee’s website 
so that G-I chapters or geotechnical firms 
can contact a speaker within their area.

Sustainability in Geotechnical 
Engineering 
Educational Materials Explaining 
Sustainability Concepts to Geotechnical 
Engineering Professors. Ten geotechnical 
topic modules with well-developed 
sustainability metrics will be created 
to explain sustainability concepts to 
geotechnical engineering professors 
to support and enhance college-level 
instruction. The instruction modules will 
include concept, relevance, connection 

to elements of the ENVISION™ Rating 
System, example calculations, and stu-
dent problems with instructor solutions. 

Educational Materials Promoting 
Understanding of Sustainability 
Concepts for Geotechnical Engineers. 
This project will promote geotechnical 
engineers’ understanding of sustainabil-
ity and the ENVISION™ Rating System 
by describing examples from real-life 
everyday geotechnical projects, prepar-
ing articles suitable for GEOSTRATA and 
blogs suitable for ASCE’s Roundup, and 
revising and updating the committee's 
2016 report to elaborate on collected 
examples of geotechnical sustainability. 

Underground Engineering and 
Construction
Student Tunnel Tours and University 
Speakers Program. Up to six tunnel tours 
and up to 12 university underground 
speaker sessions will be delivered. This 
project will be co-funded by UCA of 
SME. Judging from the very positive 

student engagement at our previous 
student tunnel tours, we anticipate that 
this program will benefit students and 
the profession by building enthusiasm 
about the challenges of underground 
engineering and construction.

Speaker Presentation Materials. A 
10-minute video and introductory 
PowerPoint slides on underground con-
struction will be developed for speakers to 
use in their lectures. The intent is to have 
an introduction that will give speakers 
high-quality content, both technically and 
visually, to open their lectures. This project 
will be co-funded by UCA of SME, with 
UCA providing the majority of the funding.

Unsaturated Soils 
Unsaturated Soils Committee Speaker 
Fund. Four presentations will be pre-
sented at strategically located ASCE/G-I 
chapters, highlighting the relevance of 
unsaturated soil mechanics in engineer-
ing practice, including case histories, 
testing methods, and analyses. 

G-I Board of Governors
Garry H. Gregory  
PhD, PE, D.GE, M.ASCE 
President 
ggregory@gregeo.com 

Committees: Codes & Standards,  
Geo-Congress Organizing 

Other Activities: AGP Collaboration,  
Strategic Planning

Youssef M.A. Hashash,  
PhD, PE, D.GE, F.ASCE 
Vice-President 
hashash@illinois.edu

 
Committees: International Activities, 
Nominations & Elections 

Other Activities: ASCE Publication Access, SEI 
Licensure for Designated Structures, Digital 
Media/Website

Beth A. Gross  
PhD, PE, D.GE, F.ASCE 
Treasurer  
bgross@geosyntec.com

 
Committees: Awards, GEOSTRATA, ISSMGE 
Fund, Technical Coordination

Other Activities: ASTM Collaboration, Specialty 
Conferences

Kord Wissmann  
PhD, PE, D.GE, M.ASCE 
Past President 
kwissmann@geopier.com

 
Committees: Organizational Member, Past 
Presidents, Regional Conferences

Other Activities: Committee Summit Meeting, 
GBA Collaboration

James G. Collin 
PhD, PE, D.GE, F.ASCE 
jim@thecollingroup.com 
 

Committees: Local Involvement

Other Activities: DFI and FHWA Collaboration

Patrick J. Fox  
PhD, PE, D.GE, F.ASCE  
pjfox@engr.psu.edu 
 

Committees: Continuing Education, Outreach 
& Engagement, Student Participation, Technical 
Publications

Other Activities: Member Survey, USUCGER 
Collaboration

Robert B. Gilbert 
PhD, PE, D.GE, M.ASCE   
bob_gilbert@mail.utexas.edu 
 

Committees: Regional Conferences

Other Activities: Geo-Institute Risk Design 
Standards (GI-RDS)

Kancheepuram N. Gunalan 
(a.k.a. “Guna”) 
PhD, PE, D.GE, F.ASCE 
k.n.gunalan@aecom.com  

Committees: Geo-Legislative

Other Activities: Digital Media/Website

Brad Keelor 
Secretary and G-I Director 
bkeelor@asce.org 
 

Manages the day-to-day activities of the G-I
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The Risk Assessment 
and Management 
(RAM) Committee, 
chaired by Vaughan 
Griffiths, PhD, PE, 
D.GE, F.ASCE, is offer-
ing a selection of 
lectures on a range of 

topics relating to risk assessment in geo-
technical engineering. The goal is to 
promote education and understanding 
of the rapidly growing area of risk assess-
ment in geotechnical engineering across 
a broad range of applications. All ASCE 
entities (ASCE Sections and Branches/
G-I Chapters, Younger Member and 
Student Chapters) are invited to contact 
Dr. Griffiths for more information 
(d.v.griffiths@mines.edu or 
303/273-3669). 

The Underground 
Engineering and 
Construction (UEC) 
Committee, chaired 
by Elizabeth Dwyre, 
PE, D.GE, M.ASCE, 
and vice-chaired by 
Thomas Pennington, 

PE, M.ASCE, continues its very success-
ful student tunneling tours. ASCE 
Geo-Institute Graduate Student 
Organizations and ASCE Student 
Chapters from four universities toured 
two major underground construction 
projects during Fall 2016. Students from 
the University of California at Davis and 
the Oregon Institute of Technology 
(OIT) toured the Chinatown Subway 
Station in San Francisco. Students from 
Purdue University and the University of 
Michigan toured the White River Tunnel 
in Indianapolis. Tours were jointly 
sponsored by the UEC Technical 
Committee and the Underground 
Construction Association of the Society 

for Mining, Metallurgy and Exploration 
(UCA of SME). The sponsoring organi-
zations and students extend thanks to 
the San Francisco Municipal 
Transportation Agency and Tutor-Perini 
for the Chinatown Subway Station tour, 
and to Citizens Energy Group and Shea-
Kiewit JV for hosting the White River 
Tunnel tours. 

Additional student tunnel tours are 
scheduled in Spring 2017, and dates are 
being established. Online applications 
will soon be available for Fall 2017.  
If your student group is interested  
in touring an active underground  
construction project, please visit 
students.geoinstitute.org/student- 
tunnel-tour-program-application. 

Attention underground design and 
construction professionals: We’re 
seeking Student Tunnel Tour hosting 
locations for Fall 2017 and Spring 2018. 
For more information, contact ASCE G-I 
UEC Technical Committee Chair Liza 
Dwyre at dwyre@pbworld.com or Vice-
Chair Tom Pennington at pennington@
mcmjac.com.
 

Oregon Institute of Technology student 

Sam Garber (back to camera), with Mark 

Kroncke of McMillen Jacobs Associates, is 

part of the student group who toured the 

Chinatown Subway Station Excavation. 

(Photo taken on behalf of SFMTA.) 

Technical Activities Update

“Having the opportunity to tour the 

Central Subway project … really 

puts things in perspective as far as 

the kind of opportunities that are 

out there for civil engineers and the 

potential to work on challenging 

projects of that scope.”  

— Sam Garber, OIT 

“It was interesting to learn about and 

see the impacts a large construction 

project has on a community with a 

strong culture, such as Chinatown. 

It is vital to a project's success 

that engineers maintain healthy 

communication with community 

residents and businesses, especially 

when a project is so intrusive to their 

everyday life.”
— Sophia Palumbo, UC Davis

“The opportunity to see a TBM up 

close was fantastic and unique.” 
— Will Greenwood, University of Michigan

“The opportunity to visit the (White 

River Tunnel) deep tunnel system 

during the construction was truly an 

amazing experience. Being lowered 

250 feet down in a man cage and 

walking on the muddy tunnel floor 

toward a massive tunnel boring 

machine (TBM) had us all very 

excited. The tour helped us get a good 

idea of the scale of tunnel operations 

and the various challenges that come 

with it.”  
— Anurupa Kumar, Purdue University
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Technical Committees
COMMITTEE COMMITTEE CHAIR EMAIL ADDRESS

Computational Geotechnics José E. Andrade, PhD, M.ASCE jandrade@caltech.edu 

Deep Foundations Luis O. Garcia, A.M.ASCE logarcia@geocim.com

Earth Retaining Structures Anne Lemnitzer, PE, M.ASCE alemnitz@uci.edu

Earthquake Engineering and Soil Dynamics Adrian Rodriguez-Marek, PhD, M.ASCE adrianrm@vt.edu

Embankments, Dams, and Slopes J. Erik Loehr, PhD, PE, M.ASCE eloehr@missouri.edu 

Engineering Geology and Site Characterization Xiong “Bill” Yu, PhD, PE, M.ASCE xxy21@case.edu

Geoenvironmental Engineering Dimitrios Zekkos, PhD, PE, M.ASCE zekkos@umich.edu

Geophysical Engineering Brent L. Rosenblad, A.M.ASCE rosenbladb@missouri.edu

Geosynthetics Jorge G. Zornberg, PhD, PE, M.ASCE zornberg@mail.utexas.edu

Geotechnics of Soil Erosion Ming Xiao, PhD, PE, M.ASCE mxiao@engr.psu.edu

Grouting Paolo Gazzarrini, P.Eng, M.ASCE paolo@paologaz.com

Pavements Charles W. Schwartz, PhD, M.ASCE schwartz@umd.edu

Risk Assessment and Management D. Vaughan Griffiths, PhD, PE, D.GE, F.ASCE d.v.griffiths@mines.edu

Rock Mechanics M. Ronald Yeung, PhD, PE, M.ASCE mryeung@cpp.edu

Shallow Foundations Derrick D. Dasenbrock, PE, F.ASCE derrick.dasenbrock@state.mn.us

Soil Improvement Kord J. Wissmann, PhD, PE, D.GE, M.ASCE kwissmann@geopier.com

Soil Properties and Modeling T. Matthew Evans, PhD, A.M.ASCE matt.evans@oregonstate.edu

Sustainability in Geotechnical Engineering Jeffrey R. Keaton, PhD, PE, D.GE, PG, ENV SP, F.ASCE jeff.keaton@amecfw.com

Underground Engineering and Construction Elizabeth Dwyre, PE, D.GE, M.ASCE dwyre@pbworld.com

Unsaturated Soils Laureano R. Hoyos, PhD, PE, M.ASCE hoyos@uta.edu

(l to r:) University of Michigan students 

Dowon Park and Jacob Melewyk at the 

Tunnel Boring Machine (TBM) Cutterhead 

in White River Tunnel, Indianapolis.

Purdue University students and faculty 

underground in the TBM trailing gear at 

White River Tunnel, Indianapolis. Front row 

l to r: Juliana Pereira, Amy Getchell, Dan-

ielli de Melo Moura, and Ganesh Vairavan. 

Middle row l to r: Anarupa Kumar, Huiling 

Tang, Eimar Sandoval, Yaxiong Chen, and 

Liza Dwyre (WSP-PB). Back row l to r: Linna 

Duan and Dr. Vincent P. Drnevich.

(l to r:) UC Davis students Gabby Her-
nandez, Sophia Palumbo, Kevin Kuei, 
Trevor Carey, and Jordan Greer at the 
bottom of the Central Subway Station 
excavation. (Photo taken on behalf of 
SFMTA.)  
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Dr. Harry Poulos Recognized with  
2017 OPAL Award

The ASCE Outstanding Projects and 

Leaders (OPAL) Awards recognize the lead-

ership and achievements of the world’s top 

engineers. The 2017 awardees include G-I 

member Harry G. Poulos, PhD, D.Sc.Eng., 

PE, Dist.M.ASCE, NAE, a senior consultant 

for Coffey Services Australia. Dr. Poulos 

– who was profiled as the GeoLegend for 

the March/April 2016 issue of GEOSTRATA 

– will receive the 2017 OPAL for design (the award for practitioners 

who are directly charged with hands-on design projects). ASCE 

News (news.asce.org) will be profiling each of the awardees in the 

weeks leading up to the March 16th gala in Arlington, VA.

Professor Robert Holtz Named  
2017 T.H. Wu Distinguished Lecturer

The 2017 T.H. Wu Lecture, given annually at 

Ohio State University, will be delivered on 

March 24 by Robert D. Holtz, PhD, PE, 

D.GE, D.M.ASCE. Holtz, a past president of 

the Geo-Institute and a past regional vice 

president for North America for ISSMGE, will 

present Reinforced Soil Technology: From 

the Experimental to the Familiar. He currently 

serves as the international secretary to the 

G-I Board of Governors. Professor Tien H. (T.H.) Wu is a professor 

emeritus in the Ohio State Department of Civil, Environmental, and 

Geodetic Engineering. He served as a faculty member at Ohio State 

from 1965 to 1994 and was the Geo-Institute’s Peck Lecturer in 2008. 

2017 marks the sixth annual Wu Lecture. 
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As I See It

The heyday of dam and 

levee construction in the 

U.S. began in the 1950s 

and ended in the late 

1970s. The bulk of all 

dams and many levees 

were built in that era. 

During that time, the 

industry developed design 

standards for both dams 

and levees that built upon 

the collective experience 

of incidents and failures. 

These design standards 

combined analytical 

tools with Terzaghi’s 

observational method and 

allowed engineers to put 

some of the lessons they 

had learned into writing.

The design standards they 
created have traditionally relied upon 
experience to develop safety margins 
that account for our inability to predict 
material variability or accurately analyze 
structures. Higher safety margins 
typically correlate to our confidence in 
our ability to predict failure.

But in the 21st century, we are 
learning that the standards we use to 
design new structures often do not lend 
themselves well to evaluating the safety 
of existing structures. Moreover, the 
standards themselves do not encompass 
all the ways a structure might fail. The 

Risk-Based  
Design Standards

Taum Sauk Dam Failure – 
the interaction between 
instrumentation and 
operations was not adequately 
considered. (Photo courtesy 
of the Missouri Department of 
Natural Resources.)

By Nathan J. “Nate” Snorteland, PE



19www.geoinstitute.org

standards are intended to be used for 
unbuilt infrastructure rather than to 
examine infrastructure that performs 
acceptably despite its imperfections. 
These standards, although they have 
worked well overall, both overestimate 
and underestimate the true nature of 
the problems faced by the built infra-
structure, thus leaving the actual safety 
margin uncertain.

The number of experienced dam 
and levee designers is dropping rapidly 
as the overall number of projects has 
decreased over time. Fewer projects 
have led to fewer new designers gaining 
valuable experience. The challenge of 
using design standards will become 

In the 21st century, we are learning that the 

standards we use to design new structures 

often do not lend themselves well to 

evaluating the safety of existing structures.
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even more apparent as this continues. 
The importance of professional 
experience, and the impact that field 
knowledge has on the overall quality of 
design and construction, is routinely 
underestimated. Historically, the large 
pool of experienced designers allowed 
industry to design and construct a large 
system of water resources infrastruc-
ture that has generally performed well. 
The gaps in the guidance have been 
largely minimized through experience, 
but that approach is becoming more 
difficult to maintain.

Try, Fail, and Try Again
Examinations of levee failures during 

the 1927 and 1937 floods in the Lower 
Mississippi Valley led directly to the 
design standards currently used by 
the Corps of Engineers and other 
institutions. A string of dam failures 
in the 1970s led to the development 
of several standards to address those 
issues. As a result, many organizations 
have their own criteria and standards, 
but they mostly relate to situations 
that employ analytical methods like 
limit equilibrium — while ignoring 
performance issues that don’t.

Certain mechanisms have been 
more difficult to capture with the 
factor-of-safety approach. For example, 
consider the relatively recent failures 

of structures like Quail Creek Dike in 
Utah, the Swift No. 2 Forebay Dam in 
Washington State, and the collapse of 
Teton Dam in Idaho. Such disasters 
highlight the importance of filters as 
a defense mechanism against internal 
erosion. The near-failure of the Lower 
San Fernando Dam in California led 
to an entire field of earthquake engi-
neering. But despite the importance 
of analyzing these mechanisms, 
developing associated design standards 
has been a challenge because those 
standards are not as intimately tied to 
physics as other mechanisms. A good 
example is internal erosion: the indus-
try has tried to approximate the process 
using parameters that we can calculate 
like the exit gradient, and has used that 
as a proxy for the full mechanism.

Despite these lessons and the 
solutions and techniques that were 
devised following the failures in the 
middle of the last century, we continue 
to experience failures and learn even 
more lessons. In the last 15 years, we’ve 
discovered the vital role of instrumen-
tation with the failure of Taum Salk 
Dam in Missouri, and we’ve learned the 
importance of failure modes with the 
collapse of the I-walls in New Orleans.

Difficult Situations
Even as we use standards to examine 
the safety of dams and levees, several 
situations continue to cause problems. 
For example, it can be difficult to 
evaluate:

 o  The safety of geological formations 
and embankments that are suscepti-
ble to internal erosion

 o  The safety of mixed structures, such 
as conduits, spillways, and other 
structures that are embedded in 
embankments or in foundations

 o  The role of monitoring, detection, and 
intervention in the safety of structures

As I See It



 o  A structure’s robustness, resilience, 
and redundancy on safety margins

Each of these situations poses 
unique challenges when one tries to 
consider them in the context of safety.

Systems
The reason that we have difficulty using 
design standards to evaluate these 
structures can often be attributed to 
their complexity. Dams and levees are 
usually thought of as structures, but they 
are truly systems – and some of them 
are very complex systems. It’s as difficult 
to develop a safety margin for a dam or 
levee as it would be to develop a single 
safety margin for a multistory building. 

The systems nature of dams and levees 
requires a different approach.

Looking Ahead
Because of the limitations of safety 
standards, the industry is slowly moving 
toward a risk- or reliability-based 
standard. This approach is somewhat 
more flexible and useful for complex 
structures and systems, and it fits well 
within the governance model of federal 
and state agencies and large companies. 
It also explicitly incorporates Potential 
Failure Modes Analysis (PFMA), which 
now is part of the standard of care for 
the industry. However, it requires engi-
neers and scientists to have knowledge 

of hazards, probabilities, statistics, and 
consequences. Although the changes 
will likely happen slowly, this represents 
one of the biggest shifts in how safety is 
evaluated for dams and levees.  

j NATHAN J. “NATE” SNORTELAND, PE, is 

the director of the Risk Management Center 

for the U.S. Army Corps of Engineers in 

Lakewood, CO. He manages a staff of 60 

senior dam and levee engineers and scientists 

who watch over the Corps’ portfolio of more 

than 700 dams and more than 14,000 miles 

of levees. He can be contacted at  

nathan.snorteland@usace.army.mil.
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I f you’ve read John Steinbeck’s 1945 classic 
“Cannery Row,” then you’re already 
familiar with the Carmel River, which he 

described as “…a lovely little river. It isn’t very 
long, but in its course it has everything a river 
should have…” Now, the river has one less 
— but very significant — landmark on it: the 
San Clemente Dam. Removal of the structure 
(Figure 1), which had been located in Monterey 
County, CA, about 18.5 miles from the Pacific 
Ocean, was the largest dam removal and stream 
restoration project in California, and was 
completed in the summer of 2015.

Leaders of the Carmel River Reroute and Dam Removal Project (CRRDR) were tasked 
with removing the dam in its entirety to meet several important objectives:

 o To eliminate the potential for a dam failure during major seismic and flood events
 o To remove the potential for release of the 2.5-million cy of sediment behind the dam
 o  To provide a passageway for fish to access an additional 6.5 miles of river, including 
the threatened South-Central California Coast steelhead

 o  To create wetlands and an aquatic breeding habitat for the threatened California 
red-legged frog

Clearly, this is one project that can be considered a “win-win” for all, including the 
public, state/federal agencies, stakeholders, the dam owner, and possibly most impor-
tantly, the environment itself.

Historical Background
The San Clemente Dam was a 106-ft-tall, concrete-arch dam built between 1919 and 
1921 to retain water for Monterey, including drinking, irrigation, and sardine cannery 
operations. By 2008, its original storage capacity of 1,430 acre-ft was reduced by 90 
percent due to sediments filling the reservoir. When the California Division of Safety 
of Dams (DSOD) determined the dam could not withstand either a maximum credible 
earthquake (MCE) — estimated at Mw 7.3 and peak ground acceleration of 0.45g — or 
a Probable Maximum Flood (PMF), the dam’s owner, California American Water 
(CAL-AM), worked with DSOD to evaluate mitigation options.

The owner’s preferred mitigation solution was to buttress the dam to increase 
its seismic stability. However, the California Coastal Conservancy and the National 
Marine Fisheries Service (NMFS) convinced CAL-AM to change its plan from repair to 
complete dam removal to allow for successful fish passage. Prior to removal, the fish 
ladder at San Clemente Dam was one of the steepest ladders in the nation, with very 
little fish passage success.

Dam Removal Plan
A major challenge with the dam removal concept was how to manage the massive 
amount of sediment that had accumulated behind the dam over the years. Allowing 

Figure 1. The 
removal of San 
Clemente Dam. 
(Photo courtesy of 
William Godwin, 
2015.)
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large quantities of sediment to be carried downstream by river 
flow would have posed a flood threat to the downstream home 
and property owners. Further, excavating and hauling the 
sediment offsite would have been prohibitively expensive and 
environmentally challenging, with adverse impact to the local 
community from a large fleet of noisy and roadway-damaging 
truck traffic. The solution for this concern was to retain the 
sediment onsite and prevent downstream release of the 
sediments during either major seismic or PMF events.

Another challenge was how to manage project risks 
and associated costs during engineering and construction. 
Technical and regulatory concerns for the construction 
included flood risk, unknown depths to bedrock, excavation 
risk due to difficult ground conditions, the potential for land-
slides onsite, and potential/unknown impacts on both design 
and construction due to DSOD’s regulatory approval process.

With this in mind, CAL-AM procured the contract using 
a design/build (D/B) project delivery approach. Now, design 
could occur in tandem with the construction, and changes 
encountered onsite during construction could be addressed 
more rapidly between the design engineers and contractor, 

thus expediting the schedule. The 
overall project was estimated at $83M.

Pre-Construction Conditions
San Clemente Dam was located 
slightly downstream of the conflu-
ence of the Carmel River and San 
Clemente Creek. Within the reservoir 
area, a granitic ridge separates the 
watersheds of the two streams. 
Approximately 2.5-million cy of 
sediment were retained upstream of 
the dam. The bulk of the reservoir 
sediments are located within the 
Carmel River portion of the reservoir; 
however, approximately 380,000 
cy were located within the San 
Clemente Creek.

Designed Project Elements
As shown in Figure 2, the project 
design includes routing the Carmel 
River into San Clemente Creek 
via a channel (Reroute Channel) 
excavated through the granitic ridge 
approximately 3,000 ft upstream of the 
dam. The design also re-purposes the 
abandoned Carmel River reach as a 
sediment storage area. The sediment 
storage area (aka “sediment stockpile”) 
is retained between two designed 
embankments (the downstream 

“Stabilized Sediment Slope” and upstream “Diversion Dike”). 
Both embankments are designed to retain the sediment during 
an MCE earthquake event. The Diversion Dike, which features 
a seepage cutoff wall constructed through the underlying river 
sediment, prevents surface and subsurface flow from entering 
the upstream end of the sediment stockpile.

A major feature of the project is transforming San Clemente 
Creek into a channel that can handle the much larger 
combined flows of both water channels. This “Combined Flow 
Reach” is also designed to provide fish passage and terrestrial 
habitat through the project site. Finally, the project included 
the physical removal of San Clemente Dam.
 
Sediment Containment
Sediment within the San Clemente Creek portion of the res-
ervoir and immediately upstream of the dam was excavated 
and placed on top of existing reservoir sediment within the 
Carmel River portion of the reservoir to create the sediment 
stockpile. Concrete rubble from the demolished San 
Clemente Dam was also buried within the sediment stockpile. 
The reservoir sediments consisted of loose, saturated, fine 

Figure 2. Design and 
construction elements 
within CRRDR. (Courtesy of 
Kleinfelder, 2016.)
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to coarse sand. These deposits were liquefiable and, if not 
contained, would be transported downstream during major 
seismic and flood events. In order to reduce the likelihood 
of this occurring, the sediments were contained within the 
sediment stockpile by engineered embankments at the 
downstream and upstream ends of the stockpile (Stabilized 
Sediment Slope and Diversion Dike).

The foundation design for the Stabilized Sediment Slope 
and Diversion Dike embankments presented a challenge. 
The structures would be constructed on top of up to 80 ft of 
liquefiable reservoir sediments, which required mitigation 
and strengthening to provide a foundation with the required 
seismic resistance.

The D/B team considered various soil improvement 
methods for strengthening the liquefiable reservoir sediments, 
such as stone columns, deep soil-cement mixing columns, 
dynamic compaction, compaction grouting, and conventional 
excavation and replacement. When analyzing the cost, ease of 
implementation, and likely success of post-mitigation verifica-
tion testing, the designer determined that the excavation and 
replacement option was the most feasible for the project. One 
benefit of this method was the D/B team’s ability to observe 
and treat adverse bedrock foundation conditions prior to 
placing and compacting fill material for the embankments.

Candidate backfill materials for the embankment founda-
tion included sandy reservoir sediments and rockfill material 
obtained from the Reroute Channel excavation. However, 

the results of the team’s early design analyses indicated that 
angular rockfill materials would perform better during seismic 
events than the reservoir sediments, which consisted of sub-
rounded to rounded sand. The foundation backfill materials 
were placed and compacted to high relative densities using 
conventional construction equipment.

Reroute Channel
Creation of the Reroute Channel involved an approximately 
150-ft-wide and 625-ft-long excavation designed with relatively 
steep (1H:1V) side slopes up to 130 ft in height. The granitic 
rock material excavated from the ridge was used as fill for both 
embankments and their foundations. The Reroute Channel 
was excavated using both blasting and ripping methods.

Seepage Cutoff Wall
The Reroute Channel was designed to allow Carmel River 
surface flows to be redirected from Diversion Dike into the 
Reroute Channel. However, to redirect subsurface Carmel River 
flows from escaping beneath the Diversion Dike and flooding 
the sediment stockpile, a low-permeability soil seepage cutoff 
wall was designed to extend from river flood grade down 
to bedrock. Because the Carmel River’s flow is low during 
summer (6 cfs or less), the cutoff wall retains critical water in 
the river for fish passage. Without the cutoff wall, the adjacent 
river reach could dry up as a result of flow losses through the 
sediment stockpile.

Figure 3. Excavation of Reroute Channel.
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Combined Flow Reach
A new channel, referred to as the Combined Flow Reach 
(CFR), was constructed to convey the redirected Carmel River 
flowing through the Reroute Channel into San Clemente Creek 
(Figure 3). The CFR is an approximately 2,500-ft-long step-pool 
channel with an average grade of 2.7 percent that extends 
from the excavated Reroute Channel to a point immediately 
downstream of the removed dam. The CFR design is based 
on the requirements for passage of the steelhead and consists 
of a series of eight step-pool sequences separated by larger 
resting pools. The step-pool reaches range from 125 ft to 200 ft 
in length, and have average slopes ranging from 2 to 5 percent. 
The lengths of the resting pools range from 75 to 105 ft. 
Boulders collected during site excavation were used for resting 
pool construction.

The San Clemente Creek Valley is quite narrow. This 
topography created significant challenges when it came to 
designing the CFR in a manner that maintains desirable 
hydraulic conditions and channel stability over the range of 
anticipated flows. Before this project, the 100-year event flow 
of the San Clemente Creek was estimated at about 1,100 cfs. 
However, the CFR designed for both the Carmel River and San 
Clemente Creek flows is anticipated to experience 11,900 cfs 
during the 100-year flood event. San Clemente Creek had likely 
never experienced flows of this magnitude.

With such an increase in flows, the designers understood 
the importance of using durable natural materials to build 
a lasting substrate for the fish passage features installed 
along the CFR. The substrate of the CFR had to have specific 
sand and gravel gradations. The boulders that stabilized and 
protected the step pools and resting pools were checked and 
evaluated for size, shape, and soundness. Ingeniously, the D/B 
design team used tree trunks and other large, woody debris 
along the outer banks of the channel to reduce overflow veloc-
ities (Figure 4). The project featured natural materials, and, 
where necessary, biodegradable materials in all of the con-
struction. Figure 5 shows the CFR at the end of construction.

Habitat Restoration
To complete the ecosystem restoration, a detailed planting 
plan was prepared for the 60+ acres that were disturbed 
during construction. The landscape designers developed three 
restoration zones (upland, riparian, and wetland), and planted 
approximately 80 plant species through hydroseeding, con-
tainer planting, willow stakes and fascines, and tree planting.

Many of the plants were carefully grown in a nearby 
nursery from seeds collected within the project site and the 
greater Carmel River Watershed months before beginning 
construction. Approximately 100,000 container plants and 
trees, 7,000 live willow stakes, and 1,400 lbs of seed for dry 
broadcast and hydroseeding were planted at the site following 
major construction completion in October 2015.

One question about the habitat restoration was how to 
keep the new plants from being eaten by local deer, rabbits, 
gophers, and even feral pigs. Heavy-duty polyethelene mesh 
fence will be maintained around the perimeter of the project 
during the 5-year post-monitoring period. The fencing also 
extends across the CFR waterway to prevent deer entry while 
allowing stream and debris to flow downstream.

Design Challenges
During the construction, a few challenges were encountered as 
the site was exposed and prepared for construction. One major 
design modification was made when the materials excavated 
from the granitic ridge turned out to contain too much soil to 
qualify as rockfill. The designers had planned on using rockfill 
from the Reroute Channel for the embankment foundations 
and embankments themselves. Instead, the material excavated 
from the granitic ridge was weaker and consisted of a gravel/
cobble/boulder mix with sand. Both embankments were rede-
signed “on the fly” as the D/B contractor was in the process 
of preparing the embankment sites to receive the backfill. 
A relatively quick turnaround of the redesign was achieved 
without significantly delaying construction because of the D/B 
delivery approach.

Figure 4. Large, woody debris configured as flow resistance element.
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Another concern was the requirement to use as much 
onsite material as possible for all project needs. Tree trunks 
from trees removed during site access roadway construction 
were planned to be used for the woody debris for channel 
roughness. Unfortunately, because of an early modification 
of the site access route, the number and quality of large tree 
trunks were greatly reduced. Without stream roughness 
elements to keep river velocities in check, the flow of the river 
during heavy rains could easily destroy the constructed CFR 
elements. The design team supplemented the lack of woody 
debris structures by using a greater number of on- and off-site 
boulders, strategically placed to provide resistance and reduce 
river flow velocities.

Dam Removal
Compared to the various design elements on this project, 
the physical removal of the San Clemente Dam was relatively 
straightforward from the perspective of the design team. 
The contractor used a pneumatic hammer and breaking bar 
to reduce the structure to rubble within three weeks. But 
although anti-climatic in design and implementation, the 

dam’s removal provided a significant visual symbol that the 
river had been reopened. This accomplishment was celebrated 
by everyone who had contributed to development of the 
project during the many years prior to the D/B arriving onsite. 
Observing the various stakeholders watching the dismantling 
of the dam was momentous on its own.

Out with the Old, In with the New
In California, the CRRDR is considered to be the largest 
dam removal initiative and one of the most unique stream 
restoration projects in the state, but it certainly will not be 
the last. Several dams that are past their usefulness, either 
due to seismic constraints or sedimentation issues, are being 
considered for removal. Before embarking on future projects, 
it’s very helpful to have the analyses that were performed, 
the methodologies that were developed, and the experience 
that was gained on this and other past dam removal projects. 
Knowledge gleaned from working with old structures allows 
for better anticipation of the opportunities and challenges on 
future removal and restoration projects.

Important points for further discussion within the 
engineering and construction community include the use of 
design/build as a contract mechanism for dam removal proj-
ects, the cost of keeping sediments onsite rather than allowing 
sediment transport downstream to feed sediment-starved 
ocean beaches, defining what dam removal and stream resto-
ration success looks like to governing regulators and owners, 
and further development of realistic criteria for channel 
design, given that rivers are “living systems.”

Fish are now swimming through the CFR to upstream 
breeding grounds. They quickly adapted to the engineered 
“natural” river reach and probably pay no attention to the 
former location of the dam that had previously been a massive 
obstacle in their path. The CRRDR project restored Steinbeck’s 
River, and today provides fish and wildlife unimpaired 
access to over 25 miles of the river system habitat. Now that’s 
something even Steinbeck’s character Doc Ricketts would be 
agreeable to! 

j CRAIG A. HALL, PE, GE, M.ASCE, is a principal geotechnical engineer 

at GEI Consultants in Oakland, CA. He provides geotechnical and 

project management expertise on water resources projects, including 

dams and levees. He can be reached at chall@geiconsultants.com.

j STEPHEN G. BROWN, PE, M.ASCE, is program manager of dam 

design services at Kleinfelder in Denver, CO. He provides national 

expertise in dam design and construction, and also for investigation 

of the safety of existing dams and application of dam safety 

methodologies. He can be reached at sbrown@kleinfelder.com.

Figure 5. Completed Combined Flow Reach (CFR)  

ready for steelhead.
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T
he Calaveras Dam Replacement 

Project (CDRP) is the largest 

project in the San Francisco 

Public Utilities Commission’s 

(SFPUC) $4.8 billion, multi-year 

Water System Improvement 

Program (WSIP). The program aims to 

upgrade the SFPUC's regional and local 

water systems that serve 2.6 million 

people in the greater Bay Area.
In 2001, the SFPUC, in cooperation with the California 

Department of Water Resources’ Division of Safety of Dams 
(DSOD), restricted the operating elevation of the Calaveras 
reservoir to about 40 percent of its 96,850 acre-ft capacity. The 
restriction was deemed necessary because of seismic safety 
concerns with the existing 90-year-old hydraulic fill dam. The 

Calaveras Fault, located 1,500 ft from the dam site, is consid-
ered to be capable of a magnitude 7.25 maximum credible 
earthquake (MCE), resulting in peak ground accelerations of 
about 1.1g at the dam site.

In 2002, planning began to replace the existing dam and 
restore the original reservoir capacity. The project includes 
building a new, 220-ft-high, zoned earth and rockfill replace-
ment dam immediately downstream of the existing structure.

But sometimes, projects don’t move forward as originally 
anticipated. In this case, the complex geology conditions 
differed from what had been understood during design and 
included the discovery of several bedrock faults and an ancient 
landslide complex during construction. These unexpected 
and significant challenges extended the project’s construction 
schedule from four to eight years, with a commensurate 
construction cost increase from the original bid of $260 million 
to approximately $550 million. Nevertheless, under extremely 
challenging conditions, a proactive risk management program, 
coupled with outstanding teamwork through formal part-
nering, allowed the project to move forward. As a result, the 
project is on track for successful completion in 2019.

Photo courtesy of San Francisco 
Public Utilities Commission.
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Pre-Construction Investigations: Characterizing 
Faults and Landslides
The project required extensive planning- and design-phase 
geotechnical investigations consisting of comprehensive 
data review, geologic mapping, more than 11,000 linear ft 
of soil and rock borings, 80 test pits, bucket auger borings, 
fault trenches, downhole televiewer and seismic logging, 
piezometer installation, and borehole pressure meter and 
dilatometer testing. Surface seismic refraction surveys were 
also used to characterize the dam foundation and borrow 
areas for embankment dam construction. The design team 
performed laboratory testing of soil and rock samples to assess 
their physical and engineering characteristics. The team also 
reviewed the investigation plans and discussed the results 
with an independent panel of world-class experts that was 
assembled for the project. Through these investigations, the 
general site vicinity was understood to contain numerous 
faults and landslides that were characterized and considered 
in the design for the project. In particular, a massive landslide 
complex downstream of the right abutment could be avoided, 
and mitigation was planned for a relatively small, recent land-
slide in the right abutment that would be partially removed 
and buttressed as part of the dam construction.

The left abutment of the replacement dam, however, was 
the portion of the project that received the most attention 
during the planning and design phases (Figure 1). The 
replacement dam’s left abutment would be founded in the 
steep hill (known as Observation Hill), which had a 45-degree 
overall natural slope angle, rising 650 ft above the lowest 

point in the dam foundation. Observation Hill was found to 
consist of the Temblor sandstone formation, an ancient seabed 
deposit of the Tertiary period (over 20 million years old) known 
to be extensively faulted in more recent millennia. With the 
active Calaveras fault less than 1,500 ft from the dam site, 
extensive work was conducted through the future abutment 
and foundation area to characterize secondary faults that were 
ultimately found to be seismically inactive. Nevertheless, it was 
recognized that the extensive faulting through this formation 
created challenges for both temporary construction and 
long-term permanent slope stability above the future dam site. 
Considering the characterization of the faulted rock mass, the 
geometry of the permanent slope for the left abutment was 
designed with an overall 1.3H:1V slope angle, which consisted 
of a 1H:1V excavated angle with 12.5-ft-wide benches every 50 
vertical ft in the excavated slope.

”Surprise!” – Ancient Landslide Complex 
Revealed During Construction
Excavation began in the left abutment area in 2012. Shortly 
afterward, in a temporary excavation, geologists identified 
the presence of a previously unknown ancient landslide 
complex. While the team debated about its exact nature, one 
theory postulated that a large area of the upper permanent 
design slope for the left abutment was underlain by landslide 
material, which was deemed to be a potential safety hazard. 
Thus, excavation work ceased.

Supplemental geotechnical investigations were initiated to 
assess the possibility of slide material in the left abutment area, 

Figure 1. Core drilling on 

Observation Hill (left abutment). 

The existing dam is in the 

background. (Courtesy of 

AECOM.)
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estimate the distribution and geometry of potentially unstable 
features, and determine what mitigation measures, if any, 
would be required.

The construction team advanced 26 additional borings and 
collected the associated optical and acoustic televiewer data 
on the left abutment (some in 2013, and some in 2014 with 
continued excavation progress). The data from these investi-
gations, along with additional data from geologic mapping of 
field exposures, test pits, and road cuts, were used to develop 
an updated geologic model (Figure 2).

The geologic data confirmed the presence of a large, 
ancient landslide complex on the northeastern flank of 
Observation Hill (“Area A” slide), and a highly weathered, frac-
tured mass of semi-articulated bedrock and surficial deposits 
on the east-facing margin of the Calaveras Creek valley (“Area 
B” slide). The Area B slide material was later interpreted to be 
a younger landslide than the Area A slide. It appears possible 
that sliding may have taken place as a mass of large, coherent 
to partially articulated blocks of weathered material, moving as 
a result of the steep valley sidewall and mass wasting processes 
along the Calaveras Creek valley margin.

To meet static stability criteria, reduce potential seismic 
deformations, and remove much of the landslide mass, a new 
design with an overall slope of 2H:1V (including benches) 
was developed. Stability analyses showed that the flattened 
slope met static stability criteria with a minimum calculated 
factor of safety of 1.52. Potential seismic deformations were 
calculated to be in the range of 2 to 4 ft, which was consid-
ered to be acceptable for the left abutment slope above the 
replacement dam.

The layback of the left abutment from 1.3H:1V to 2H:1V 
required significant construction changes. An additional  

1.6 million cy needed to be excavated, hauled, and perma-
nently disposed. In addition, 1.4 million cy that was intended 
to be placed directly into the earthfill downstream shell of 
the replacement dam (Figure 3) now had to be hauled to a 
temporary stockpile site for later placement. The original 
construction sequence had allowed for spillway construction 
to commence immediately following a steeper temporary 
“false cut” of the left abutment. With the potential for 
instability of steep cuts in the left abutment, the work had 

Figure 2. Geologic 

model section of 

the left abutment, 

showing the 

1.3:1 original 

design cut and 2:1 

redesign following 

identification of 

Area A and Area 

B slides. (Section 

is along dam 

axis.) (Courtesy of 

AECOM.)

Observation Hill was found to 

consist of the Temblor sandstone 

formation, an ancient seabed 

deposit of the Tertiary period 

(over 20 million years old) known 

to be extensively faulted in more 

recent millennia.
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to be resequenced to commence spillway construction only 
after completion of the more than 3 million cy of excavation. 
Overall, the construction change due to the layback of the left 
abutment required a project extension of 25 months.

As excavation of the left abutment progressed, the Area 
A slide was found to be slightly smaller than shown in the 
geologic model (Figure 2), but the Area B slide continued to 
pose problems for the design and construction teams. Upon 
reaching the elevation of the spillway in 2014, the Area B 
slide was found in some places to undercut the new spillway 
foundation. In such areas, over-excavation was performed to 
remove slide material, and mass concrete totaling 11,000 cy 
was placed to bring the foundation back up to grade.

Bedrock Faults Fully Revealed
The project team identified the inactive Quarry Fault Zone 
(QFZ) during the design-phase investigation. Then during 
excavation of the left abutment in 2015, several bedrock faults 
[L-2 to L-6] were found that crossed the outlet pipe alignment 
(Figure 4). Considering the potential consequences of fault 
rupture to the 78-in.-diameter outlet pipe, the bedrock faults, 
including the QFZ, were conservatively considered to be 
capable of sympathetic offset during a large earthquake on the 
Calaveras Fault. The team accordingly sought a design solution 
to mitigate the effects of such movement on the pipe’s integrity.

Using relationships of displacement to magnitude and 
distance from the primary fault, the potential displacement of 

the faults was estimated to be about 6 in. Potential axial and 
vertical displacements at each fault location were estimated 
based on each fault's orientation and sense of movement.

The goal of the outlet pipe mitigation measures was to 
minimize damage after an earthquake fault offset and allow 
subsequent repairs. Pipe inspections and repairs, if needed, 
would be made from inside the pipe following pipe dewater-
ing. The mitigation measures included modifications to the 
pipe and its concrete encasement, the zoned embankment 
fill over the pipe encasement, and the rock foundation below 
the encasement.

Bedrock Faults Downstream of the Dam Core
The QFZ and the L-5 and L-6 bedrock faults cross the 
outlet pipe downstream of the dam’s core where there is no 
reservoir-induced water pressure acting on the pipe, which 
would be pressurized during normal operations. Rupturing 
of the pipeline at these downstream locations could result 
in high-pressure water flowing from the pipe into the down-
stream filter-drain blanket at L-5 and L-6 or eroding the toe of 
the dam at the QFZ.

Several mitigation measures at the QFZ were incorporated 
into the pipe design. The foundation under the pipe 
encasement was over-excavated and backfilled with a jointed 
concrete block containing preformed sodium bentonite panels 
for the purpose of allowing differential movement across the 
10-ft fault width (Figure 5). Vertical or lateral deformation of 

the pipe encasement across the QFZ was accom-
modated through the use of a 12-in.-thick layer of 
crushable cellular concrete under the encasement. 
Twenty-five feet downstream from the QFZ, where 
the pipe enters the fixed cone valve vault, a ductile 
iron coupling was installed to allow the pipe to 
deform axially in compression or extension. Finally, 
a riprap zone outside the encasement was added to 
collect and direct leakage into the spillway stilling 
basin should a tear occur in the pipe wall during 
fault displacement.

Several measures were incorporated into the 
pipe design at the L-5 and L-6 fault crossings. The 
slip joints near the faults were changed to single  

Figure 3. Maximum section of replacement dam showing internal zones.

Figure 4. Mass concrete backfill to replace Area B slide material and 

restore spillway foundation. Bedrock faults in left abutment (QFZ and L-2 

to L-6) are shown crossing the outlet conduit. (Courtesy of AECOM.)
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V butt joints; neoprene was used to shroud the slip joints 
further from the faults; and protrusions (temporary manholes 
and weld inspection ports) were removed to allow deformation 
of the pipe (wrinkling) due to vertical or lateral movement and 
limited axial movement of the pipe within the encasement. 
Two layers of a waterproofing membrane were included on the 
exterior of the encasement to reduce leakage from the pipe if 
the pipe were to deform enough to rupture.

Bedrock Faults Upstream and  
Within the Dam Core
At fault locations upstream of the dam core, reservoir-induced 
water pressure will act on the outside of the pipe. A rupture of 
the pipe at the L-2 and L-3 faults upstream of the core would 
not likely have made a major impact under normal operations, 
but a rupture at the L-4 fault in the core would create an open 
conduit and allow piping of core material. Further, ruptures 
in the pipe at the L-2, L-3, or L-4 faults would allow leakage 
into the pipe under reservoir pressure, potentially hampering 
dewatering and repair efforts.

To address the risk of the pipe buckling under full reservoir 
pressure following seismically-induced deformation, the pipe 

wall was thickened from 1/2-in. to 3/4-in. at the upstream 
faults L-2 and L-3. Similarly to the downstream faults, the 
pipe design allowed axial deformation across the upstream 
faults by incorporating single V butt joints and neoprene 
shrouding and by removing protrusions. A waterproofing 
membrane was incorporated on the exterior of the encase-
ment to inhibit water flow into the pipe in case of rupture and 
subsequent dewatering.

At the L-4 fault near the dam core, the encasement founda-
tion was over-excavated and replaced with a concrete backfill 
block with a bentonite panel placed in the joint to allow for 
displacement. A filter-protected impervious layer of Zone 1A 
core material was placed on the outside of the encasement at 
the L-4 fault to inhibit leakage into the pipe in case of rupture.

Proactive Risk Management  
and Formal Partnering
The SFPUC implemented comprehensive risk management 
and formal partnering programs for all of the projects within 
the WSIP. In the case of CDRP, these were essential and invalu-
able components to the anticipated successful completion of a 
very challenging project.
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The risk management program included developing a risk 
register and risk mitigation plan during the design phase. Both 
were reviewed and updated by the project team throughout 
construction. Risk management measures included pre- 
qualifying contractors before bidding to assure that the com-
panies and their key personnel had appropriate experience 
and proven track records. Additionally, a formal partnering 
process was adopted that included a program for resolution of 
issues at the lowest possible level, and a change management 
process was created to expedite reviews and approvals.

The implementation of formal partnering on the project 
meant that, at an early stage, the owner, designer, and 
contractor learned to communicate at all levels. This type of 
cross-communication helped everyone involved know where 
to turn for answers, and provided a firm understanding of what 
each partner could be trusted to deliver.

The pre-qualification process and attention to potential 
staff candidates ensured that the contractor’s team was 
capable of quickly supplying efficient solutions to the re- 
sequencing problems. Thus, when the potential instability of 
the left abutment became clear, the redesign and construction 
resequencing plan was developed and implemented relatively 
quickly. The cost and schedule impacts to the project were 
large, but were undoubtedly mitigated to a great degree 
through outstanding teamwork.

As the CDRP progressed, the project team continued to 
implement the key elements of the risk management strategy. 
Many risks were avoided, while those that were not were 
handled with progressively greater efficiency.

Ultimately, this proactive and collaborative approach to risk 
management has fostered a truly valuable mindset amongst 
the entire project team. The typical conversation has been 
effectively changed from “Whose fault is this?” to “How can we 
solve this?” 

j ARUN PARSONS, PE, is a project manager for Black & Veatch’s 

Heavy Civil group and manages the Construction Management team 

on the Calaveras Dam. Parsons is based in Walnut Creek, CA, and can 

be reached at parsonsa@bv.com.

j MICHAEL FORREST, PE, GE, M.ASCE, is a vice president at AECOM 

in Oakland, CA. He manages dam site selection studies, dam type 

alternatives evaluations, feasibility studies, and conceptual through 

final designs. He is the project design manager for the Calaveras Dam 

Project and can be reached at michael.forrest@aecom.com.

j SUSAN HOU, PE, is a senior project manager at the San Francisco 

Public Utilities Commission. She oversees the delivery of the entire 

Calaveras Dam Replacement Project. She can be reached at shou@

sfwater.org.

j TEDMAN LEE, PE, is the project engineer for the Calaveras Dam 

Replacement Project. He works for the SFPUC’s Engineering 

Management Bureau as the pipeline section manager and regional 

project engineer. He can be reached at tlee@sfwater.org.

Figure 5. (a) Plan drawing of the outlet pipe and encasement crossing the Quarry Fault Zone (note the Volclay joints drawn in red). 

(b) Construction photo of the over-excavated fault zone flanked by concrete backfill. Note the Volclay panels being placed on 

concrete joints on either side of the fault zone. (Courtesy of AECOM.)
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Figure 1. Cross section and foundation preparation for the Boone Dam embankment.
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I
n October 2014, the Tennessee Valley Authority (TVA) profited 
from investments in a robust dam safety program. This profit did 
not come in the form of money, but more importantly in the pro-
tection of the lives and properties of those downstream of a major 

piece of TVA infrastructure.

The Dam and Its Setting
Boone Dam is located on the South Fork of the 
Holston River, near Kingsport, TN. Built by the TVA 
in the late 1940s and early 1950s, the dam provides 
hydroelectric power, flood control, water supply, and 
recreation for local communities. The dam has two 
major components: an approximately 1,000-ft-long 
concrete gravity dam across the original river 
channel, and an approximately 750-ft-long earthen 
embankment connecting to the right abutment.

The ability of a dam to withstand the perils of 
time, as with any structure, lies within the foun-
dations. As the result of spectacular rehabilitation 
projects over the last few decades, dams built on 
karst have been in the spotlight. Boone Dam is 
located within the ridge and valley terrain of eastern 
Tennessee; the underlying geology at the site 
predominately consists of limestone and dolomite. 
Karst features were present at and near the site 
before construction in the form of depressions, 
sinkholes, springs, and disappearing streams. The 
complexity of the local structural geology, com-
bined with the karst bedrock, creates an unusual 
condition at Boone Dam.

The site’s geologic features include a band of 
folding upstream of the dam, a thrust zone in the 
right abutment, a major inactive fault downstream, 
and a large joint feature beneath the concrete por-
tion of the dam. Bedding of the underlying rock is 
steeply inclined, dipping around 40 to 50 degrees. 
The combination of the structural geology and the 
karst activity has created a highly irregular rock 
surface with rock pinnacles, protruding ledges, and 
narrow, deep crevices. The rock pinnacles project 
as high as 20 ft into the foundation soils, which 
consist of alluvial cobbles within a clay matrix and 
residual clay.

The earthen embankment component of 
Boone Dam was constructed as a homogenous, 
compacted clay fill embankment bearing on soils 
ranging from 20 to 50 ft in thickness. A cutoff 
trench with a single-row grout curtain is located 
upstream of the axis of the dam, but the trench was 
constructed without removing the rock pinnacles 
or dental concrete. Instead, the native soils were 
excavated along the cutoff trench and compacted 
back into it, around the rock pinnacles, by hand 
and mechanical means (Figure 1). Pockets of soft 
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residual and alluvial soils were noted between the pinnacles 
during excavation of the cutoff trench and were removed.

To control settlement in these soft soils outside of the trench 
in other portions of the embankment, consolidation grouting 
was conducted after partial construction. The consolidation 
grouting was intended to fill voids within the rock and pinna-
cles and to stiffen the foundation soils.

Concerning Events and Observations
Intermittent seepage and wet areas had been observed over 
the years coming and going with seasons, rainfall events, and 
groundwater conditions near the toe of the embankment dam. 
A sinkhole was observed upstream of the dam in the forebay 
during the 2012 winter season. Boone reservoir operates 
at a summer pool elevation and then is lowered to a winter 
pool elevation to provide capacity to store spring runoff. This 
sinkhole was located between the summer and winter pool 
elevations and was located approximately 75 ft upstream from 
the toe of the dam. When it was explored and dye tested, there 
was no sign of connectivity to the reservoir or downstream of 
the dam. The sinkhole was surveyed, backfilled, and marked 
for future inspection. Since it was located outside of the area 
affected by dam construction, the sinkhole was not considered 
a serious threat to the dam.

On October 20, 2014, the hydro-production plant staff 
observed another sinkhole in the parking lot at the toe of the 
dam. TVA trains its plant staff in dam safety awareness, so the 
personnel knew to contact dam safety engineering right away 
due to the critical location of the sinkhole.

Sinkholes are common in eastern Tennessee; however, the 
cause needed to be understood. TVA began reviewing records 

on instrumentation, con-
struction, and utilities 
to further evaluate the 
potential causes of the 
sinkhole. Dye testing was 
once again performed, 
and the sinkhole was 
backfilled while research 
into potential causes was 
being completed. The 
plant staff monitored 
the dam and tailrace 
more carefully to observe 
whether any additional 
deformations had 
occurred or if dye was 
exiting into the tailrace. 
No definitive conclusions 
could be made from the 
initial investigation.

Then the situation 
became more difficult. 

On October 26, 2014, muddy seepage emerged from the bank 
at the tailrace. Figure 2 illustrates the sinkhole location and 
turbid seepage exiting into the tailrace. Hydro-production staff 
immediately notified engineering, and additional personnel 
were mobilized to the site. The muddy seepage indicated that 
soils were being removed from the toe of the dam, which sug-
gested that soil could be eroding from the embankment dam or 
its foundation. Seepage is normal under most dams, but if not 
adequately controlled and/or filtered, it can lead to a breach. 

Initial Mitigation Measures
TVA initiated several activities and initial risk reduction mea-
sures in response to the muddy seepage that included:

 o  Implementing 24-hour monitoring by dam safety engineers
 o  Reviewing and implementing an Emergency Action Plan 
(EAP)

 o Accelerating the winter pool drawdown
 o  Investigating possible causes of seepage
 o  Installing a reverse-graded filter at the seepage exit point

Engineers conducted 24-hour monitoring to observe contin-
ued deformation of the sinkhole area and look for deformations 
of the embankment and/or whirlpools in the reservoir. The EAP 
was exercised, and a table of observations was developed that 
would warrant a “yellow” or “red” response. Condition yellow 
alerts the local emergency management officials to be on 
standby in the event of a dam safety emergency. Condition red 
recommends evacuation due to a foreseen breach.

The winter pool elevation at Boone Dam is approximately 
20 ft lower than the summer pool elevation, so accelerated 
drawdown to the winter pool meant that water pressure and 

Figure 1. Cross section and foundation preparation for the Boone Dam embankment.
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Figure 2. Muddy seepage 
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(Courtesy of TVA Dam 

Safety.)
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volume of water in contact with the embankment would be 
significantly reduced. Buried utilities in the area were ruled out 
as sources of the seepage and causes of the sinkhole because, 
as the pool was reduced to winter levels, the observed volume 
of muddy seepage reduced as well. Because of this observation, 
direct connections with the reservoir pool were suspected. 
Therefore, the pool was lowered an additional 10 ft, for a total 
of 30 ft below the summer pool. The majority of the reservoir 
water was removed from contact with the embankment, which 
significantly reduced risk.

Despite the lowered pool, the continued observation of 
muddy discharge warranted further risk-reduction measures, 
so a reverse-graded filter was constructed at the seepage 
outlet in the tailrace. The construction of the filter required 
the discharge for the hydro turbine unit nearest the shoreline 
to be blocked by a steel bulkhead. This resulted in long-term 
loss of availability of one of the three units for the dam until 
permanent modifications to the dam are complete.

The Investigation
Once the initial risk-reduction measures were deemed effec-
tive, a team of TVA dam safety engineers initiated a formal 
investigation to find the source of the observed seepage 
and the degree to which dam safety was threatened. TVA’s 
engineering partners quickly mobilized drilling and geo-
physical equipment to the site. The investigation included 
an extensive subsurface exploration, a suite of geophysical 
survey techniques (microgravity, spontaneous potential, 
electrical resistivity imaging, and seismic refraction), dye 
tracing, water chemistry analysis, and 
computer modeling of the instrumen-
tation readings. The instrumentation 
installed consisted of an automated 
system of piezometers to measure 
pore water pressure and robotic total 
stations to measure deformations. 
These data were paired with an in-depth 
review of project records, including 
historical construction photographs 
and as-built drawings. TVA developed 
a geographic information system (GIS) 
database allowing for multiple layers 
of information. For example, the GIS 
system permitted engineers to overlay 
geophysics data with pre-construction 
topography and aerial photographs 
(Figure 3). The GIS system was a valu-
able tool for quickly understanding and 
disseminating information.

TVA’s engineering team used 
information from the historical review, 
investigation, and instrumentation 
to develop an understanding of 

hydrogeological conditions at the dam site. Piezometers 
downstream of the compacted clay cutoff trench responded 
immediately to changes in reservoir elevation, but at a 
reduced magnitude. This type of behavior is indicative of open 
connections between the reservoir and flow downstream. The 
connections through the cutoff trench were soon confirmed 
by the drilling and instrumentation activities.

Interestingly, the confirmation came from the driller who 
was installing a piezometer on the crest of the dam in the 
foundation soil. The engineers were evaluating excessive grout 
loss during installation when the driller said casually, “By the 
way, I think I saw a gray plume in the reservoir.” Personnel 
were stationed at the point where the grout was thought 
to have been observed, and additional grout was placed in 
the hole. Immediately, a plume of grout was observed at the 
upstream toe (Figure 4). This observation was later confirmed 
by dye tracing from another exploration, which verified that 
the grout had likely traveled through the compacted clay in 
the cutoff trench to the reservoir. Additional borings drilled on 
the upstream slope of the dam encountered an approximately 
3-ft zone of very soft material within the compacted clay that 
had been placed around the pinnacles in the cutoff trench. 
The boring through this zone would not hold water, and dye 
injected in the cutoff traveled downstream within 45 minutes. 
These results should challenge the geotechnical community 
on the notions that non-dispersive moderate- to high- 
plasticity clays are not susceptible to internal erosion. In karst 
geologies, these clays can be subject to very high localized 
gradients and erosion from seepage through fractures.

Figure 3. Aerial image with microgravity overlay and topography data from GIS system. 

(Courtesy of TVA Dam Safety.)
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In the early spring of 2015, a heavy snowfall was followed by 
substantial rain. With these conditions, water levels in piezom-
eters at the toe of the dam and underneath the dam began to 
rapidly rise and then slowly dissipate. The water levels in some 
piezometers rose approximately 10 ft. In addition, muddy seeps 
were observed at the upstream toe of the dam into the reservoir. 
The piezometric contours of the rise in groundwater and water 
chemistry testing indicated that stormwater infiltration into 
the karst system was causing surges in the foundation at the 
downstream toe of the dam and underneath the dam. Flows 
were mapped from downstream back toward the dam and out 
of the right abutment. This was a complicating and unique 
finding, as dam engineers would rarely consider the possibility 
of groundwater flowing from downstream to upstream at a 
dam, nor groundwater seeping out the upstream toe of a dam 
into the reservoir.

Engineering Observations
TVA’s engineering team leveraged the historic information 
loaded in the GIS system with observations, exploration 
data, and instrumentation data to develop a hydrogeologic 
model (Figure 5) to describe subsurface seepage at the site. 
The hydrogeologic model shows that an extensive drainage 
network was well-developed in the karst at the site before the 
dam was constructed. These flows were generally from the 
right abutment toward the original river channel, and these 
flows continue today. During significant rainfall infiltration 
events, large sudden increases in groundwater occur in the 

foundation soils and karst network. The large drainage capacity 
of the karst network downstream of the cutoff trench, and the 
induced reservoir head, produced a high gradient across the 
cutoff trench. These gradients opened weaknesses in the cutoff 
trench, which, in turn, caused concentrated leak erosion within 
the cutoff trench soils.

TVA then assembled a panel of engineering experts to 
assess and conduct a quantitative risk assessment related to 
the seepage at Boone Dam. The assessment was conducted 
to assist TVA in risk-informed decision making (RIDM) to 
establish the baseline risk at normal operations, and the risk 
at proposed interim reservoir pool elevations. The panel used 
the available project information to develop potential failure 
modes that they considered potentially active and within the 
progression phase, including:

1.  Internal erosion that led to a conduit to the reservoir and 
rapid undermining of the foundation, resulting in collapse 
and overtopping of the dam

2.  Sinkhole development on the downstream slope of the dam, 
leading to instability and overtopping 

3.  Internal erosion that created increasing headwater pressure 
under the downstream slope, resulting in slope instability

Events leading to each potential failure mode were 
arranged on nodes of an event tree, so that each member 
of the expert panel could render an opinion about the 
probability of occurrence of each event. Multiplication of 

Figure 4. Path for travel of grout from downstream to the 

reservoir. (Courtesy of TVA Dam Safety.)
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each nodal probability results in an annual probability of 
failure, which can be used to evaluate the risk of the dam when 
combined with the consequences of failure. The process also 
captured the uncertainty band associated with the estimates, 
which, in turn, brought to light the uncertainties associated 
with internal erosion failure modes in the dam safety industry. 
The uncertainty in the results of the analysis also highlighted 
the need to have a sizable and diverse panel of experts, as the 
variety of experience and perspective of the group proved to be 
extremely valuable.

The risk assessment confirmed the recommendation 
to operate the reservoir with a significant reduction in the 
operational headwater elevations, and led to the conclusion that 
remediation would be required. The panel of experts developed 
remediation options and utilized decisional analysis matrix 
techniques to determine which of the options would meet the 
requirements and objectives established by TVA Dam Safety and 
internal stakeholders. The following are some examples of these 
requirements and objectives:

 o  Return the reservoir to normal operations after remediation
 o  Maintain operations and minimum flows 
 o  Arrest the active potential failure modes
 o Do no harm 

 o  Minimize interruption of normal operations
 o Minimize environmental impacts
 o  Demonstrate robustness, redundancy, and reliability
 o Rely upon proven technologies

The investments in the dam safety program at Boone Dam 
brought dividends for protecting the public. The response to 
seepage reinforced the importance of having a robust dam 
safety program with resources ready to go at all times. This event 
also brought new tools to TVA. The innovative utilization of a 
GIS system to manage historic records and instrumentation data 
has led TVA to implement the GIS system throughout the rest 
of its dam assets. This tool is now used for inspections and eval-
uations. The conditions found at Boone Dam also allowed TVA 
to conduct a study to look for conditions at other assets where 
internal erosion could occur. The risk-informed decision process 
is now being utilized across the TVA dam safety program. 

j SCOTTIE L. BARRENTINE, PE, M.ASCE, is a geotechnical specialist 

for dam safety at the Tennessee Valley Authority. He serves as a subject 

matter expert for the dam safety program and is the technical lead 

for the Boone Dam investigation and conceptual design. He can be 

contacted at slbarrentine@tva.gov. 
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Figure 5. Hydro-geological model of Boone Dam. (Courtesy of TVA Dam Safety.)



GEOTECHNICS OF 

WATER RESOURCES

MAR /APR

2017

44 GEOSTRATA MARCH/APRIL 2017

Remnants of St. Francis Dam 
after its failure in 1928.



I
grew up in an area of Southern California 
near beautiful beaches and where dam 
building has a long history of importance. 
My great-grandpa moved to Ventura 

County when my grandfather was very 
young. He wasn’t extraordinarily wealthy, 
but he was a good businessman and a 
farmer, and after a number of years he pur-
chased a large section of land and planted 
an orange orchard. He built a small house 
on the property to provide living quarters 
for the caretaker of the orchard.

In early 1928, construction of the St. 
Francis Dam had been completed by the 
City of Los Angeles. Sadly, on March 12, 
1928, the dam failed when it was nearly 
filled for the first time. The ensuing flood 
down the Santa Clara River completely 
destroyed my great-grandpa’s orchard and, 
more importantly, killed the caretaker and 
his family. Over 400 people perished in this 
disaster, and even more people lost the use 
of their arable land due to scour and depo-
sition of rocky material. The dam failure was 
labeled the worst civil engineering disaster 
of the 20th century. The damage to the 
region in terms of life loss and downstream 
destruction was huge.

My father never spoke of this tragedy 
until recently, but I’m recounting it now, 
realizing that I grew up with the influence 
of the dam failure as part of my family and 
regional history. It affects me personally 
today as I think about dams and their 
benefits to society, as well as methods that 
we use to help ensure public safety.

Modern Dams Benefit Society
Generally speaking, dams that have been 
built using modern design practices, with 
consideration for environmental impacts, 
can provide a cost-effective means to pro-
vide power and water. They reduce impacts 
from extreme flood events and provide 
areas for recreation.

Because dams affect the safety of people 
and property downstream, they require an 
appropriate level of dam safety manage-
ment based on their individual potential 
impact. However, the application of dam 
safety management methods is inconsistent 
across the United States.

The rates of dam failures have declined 
since 1928, and more significantly since 
the 1970s, when a series of large dam fail-
ures occurred. The improvement in dam 

45www.geoinstitute.org

The St. Francis Dam 
during its first filling, just 
prior to failure in 1928. 
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safety is the direct result of better design and construction 
practices and better dam safety management practices that 
increase the likelihood of detecting defects and their repair. 
But despite the best efforts of designers and contractors, 
“incidents” still occur that require physical intervention to 
prevent failure (Figure 1). 

Development of Dam Design Standards
In the early 1900s, basic design concepts for embankment 
dams that form the basis for dam design practice today 
were being formulated by Karl Terzaghi and others. These 
brilliant engineers established design principles that made 
geotechnical dam design practice an engineering discipline. 
These principles were not only used, but were shared in 
technical publications, which allowed others to learn and add 
to the historical base of experience. In the mid-1900s, design 
guidelines were being developed by U.S. federal agencies like 
the Bureau of Reclamation (Reclamation) and the U.S. Army 
Corp of Engineers. One noteworthy publication that’s still 
referenced by many dam designers today is Design of Small 
Dams. First printed by Reclamation in 1960, this publication 
has since been translated into many different languages and is 
considered to be a standard in the industry. This publication 
was revised in 1973, 1977, and 1987 to update the guidelines 
and add the experience of various dam designers.

Although this publication is a great tool for design guidance, 
Design of Small Dams contains some concepts that are not 
standard practice today. The state-of-the-practice for the 
design of dams has changed with time because engineers 
have learned that each dam type and site condition is unique. 
The application of set guidelines does not always suit each 
situation. Therefore, lessons are learned and modifications to 
the guidelines are made.

Take, for example, the inclusion of seepage cutoff collars 
for cut-and-cover outlet conduits. Design elements for these 
collars are included in the 1987 version of Design of Small 
Dams, yet the authors acknowledge problems with these collars 
in Section 20.21(b):

The Bureau of Reclamation has traditionally utilized 
cutoff collars around conduits to minimize seepage. This 
policy has been reevaluated, and other approaches are now 
being used to mitigate the seepage problem. Each engineer 
or organization should make their own decision as to the 
viability and effectiveness of the use of cutoff collars. 

Today it is standard practice to not use seepage cutoff collars 
for outlet conduits due to the higher rate of dam incidents 
and associated failures (Figure 2). Many structures built by 
Reclamation into the 1980s used cutoff collars. The current 
Reclamation Design Standards No. 13 (Chapter 2: Embankment 
Design – December 2012) states that: “Reclamation policy is that 
cutoff collars should not be used as a seepage control measure, 
and any other protruding features on a conduit should be 
avoided.” Instead, concepts of battered conduit sidewalls on 
outer slopes, and wider side trenches, with special attention to 
backfill compaction techniques, should be employed. The use of a 
downstream filter diaphragm should also be used and integrated 
into chimney and blanket filters to reduce the risks associated 
with internal erosion along such conduits (Figure 3).

Standards-Based Dam Safety Methods
Dam safety management in the U.S. has traditionally used a 
standards-based approach. The highest level of review that 
is conducted on a regular basis includes comprehensive 
reviews, such as Federal Energy Regulatory Commission 
(FERC) Part 12 assessments. These reviews follow set guide-
lines to ensure that all design standards have been met and 
provide insights to dam safety monitoring and emergency 
action planning. Potential consequences are outlined to 
help ensure that the level of life safety is considered when 
providing recommendations.

The advantages of this method are:
 o  A single dam safety expert or small group can conduct a 
review in a short period of time.

 o  It follows the standard procedures that have been used for 
many years.

Figure 1. Dam overflow structure with evidence of internal 
erosion failure along outlet conduit. (Photo courtesy of 
Schnabel Engineering.)

Figure 2. Embankment dam failure due to internal erosion 
along a penetrating conduit with seepage cutoff collars. 
(Photo courtesy of NRCS.)   
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 o  It is repeated at regular intervals, with a focus on application 
of recent design standard changes.

The disadvantages include:
 o  It relies on a single reviewer or small set of reviewers to 
provide guidance.

 o  The recommendations are sometimes expensive and may 
only result in minimal risk reduction.

But even if we follow the state-of-the-practice methods for 
dam design and dam safety reviews, we will continue to see dam 
safety ”incidents” and failure of structures. This is because not 
every significant variable may have been considered, and, there-
fore, the standards may not cover every detail needed for design. 
As a result, dam safety management tools have been developed 
that allow us to be more vigilant by increasing the likelihood of 
intervention and minimizing the impacts of failure (Figure 4).

Risk-based methods for dam safety assessment have now 
been used around the world for several decades. So I pose the 
question: Are risk-based methods for dam safety a benefit? And, 
if so, for whom?

Potential Failure Mode Analysis for Dam Safety
To properly develop dam safety risk assessment tools, 
engineers must rethink the way that they view dam design. 
Instead of only using set standards, they must consider logical 
statements of sequential events that potentially could lead to 
failure. To support the logical steps required for risk analysis, 
Potential Failure Mode Analysis (PFMA) was developed as a 
framework to determine annual probabilities of failure for 
specific failure sequences.

PFMA methods have now been used for many years as the 
basis for risk analysis and design within organizations such as 
BC Hydro, Reclamation, the U.S. Army Corps of Engineers, as 
well as some Australian dam owners using Australian National 
Committee on Large Dams (ANCOLD) risk guidelines. FERC 
guidelines have required that a PFMA be performed as part of all 
Part 12 Studies for some time.

PFMA has the following advantages:
 o  It provides a distinct understanding of the logical steps 
required for a dam to fail.

 o  It offers a list of PFMs that are thought to be credible based on 
existing information, as well as a list of non-credible PFMs.

 o  It assists the owner in understanding the vulnerabilities of a 
given structure. This helps focus dam safety efforts based on 
types of behavior and during certain loading conditions.

 o  It documents the thoughts of PFMA team members in an 
organized format by each unique loading condition.

 o  Future PFMA can use the previous PFMA to understand the 
specific thoughts on PFM development.

There are also a few disadvantages of using PFMA:
 o  Some PFMs may be missed, or may not be fully developed.
 o  The use of PFMA is relatively new and requires development 
and training.

Essentially, the PFMA process acknowledges that all dams 
have weaknesses and almost all dams can fail under a specific set 
of circumstances. The process allows a dam owner to understand 
where the experts see these weaknesses, to compare them with 
the performance of similar dams, and to provide a document 
that increases awareness of the weaknesses. A PFMA can be used 
to evaluate and support selection of remedial alternatives, for 
augmentation to surveillance and monitoring, and as a resource 
for emergency action planning.

Risk-Informed Decision Making for Dam Safety
The organizations identified previously have developed Risk-
Informed Decision-Making (RIDM) methods for prioritization 
of dam safety risk reduction efforts. These organizations use 
RIDM methods to better understand the relative importance 
of dam safety risks for their individual dams, but also in the 
context of their entire portfolio.

The acceptance of RIDM tools for dam safety requires an 
upfront commitment from the dam owner. This commitment 
requires personnel and financial support for implementation, as 
well as the development of risk-based management processes 
within an organization. This means that, while deterministic 
methods are still used, risk-based tools are put in place.

RIDM has the following advantages:
 o  It considers specific factors that influence risk so that fund-
ing can be directed to specific risk-reduction efforts.

 o  It identifies alternatives to structural measures to manage 
risk, which could include:

  Enhanced monitoring
  Enhanced emergency action plans
  Other nonstructural methods

 o  It identifies structural mitigation measures, if required, to 
meet risk goals.

 o  It allows an owner to justify actions based on pre- 
determined risk tolerances, rather than using a set of 
prescriptive guidelines.

Figure 3. Basic cross-section of 
a modern design concept for an 

embankment dam with filters  
and drain. (Courtesy of  
Schnabel Engineering.)
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 o  It documents uncertainty, which allows for a discussion on 
how additional information and analysis could improve 
confidence in risk estimates.

 o  It allows owners to understand how much risk reduction is 
likely prior to implementation of selected alternatives.

Disadvantages of using RIDM include:
 o Additional initial effort and cost are required.
 o  Some PFMs may be missed, leading to an inaccurate 
assessment of risk.

 o  The use of RIDM is relatively new and requires development 
and training.

Many dam owners wonder if this added investment in time 
and cost is worth it.

RIDM: Powerful Tool or Unnecessary Venture?
I have participated in dam safety engineering work using both 
standards-based and risk-based methods. I became immersed 
in risk-based dam safety and design methodology while work-
ing at Reclamation for over a decade. It took me several years 
to recalibrate my skills before I began to see how it could be 
used as a decision-making tool. I have participated in the use 
of risk-based methods for dam safety internationally as well. 
When I have seen RIDM used effectively, it took time and effort 
to allow the owners and dam safety professionals to develop an 
effective system of management to use these new tools.

In the U.S., many industries are increasingly relying on risk-
based tools. Where there is a risk with very high consequences 
and very low likelihood, risk practices are being embraced and 
even required. In fact, the U.S. Nuclear Regulatory Commission 
(NRC) has required a very detailed method of risk assessment 
for ensuring the safe operation of nuclear power generating 
equipment for several decades. Risk-based methods for 
management of tunneling construction projects are required by 
many insurance companies. These methods will be used more 
frequently as other industries see how they can increase both life 
safety and profitability.

A good example of how RIDM can provide additional insight 
is the evaluation of loading conditions. When evaluating a struc-
ture under extreme loads using deterministic design standards, 
lower factors of safety are required for these low-probability 
events. But during a risk analysis, it’s not uncommon to find that 
a smaller flood or earthquake load actually contributed most 
significantly to the risk of failure. Therefore, the real power of 
RIDM is an increased understanding of the relationship between 
what drives the risks and, therefore, what are the most effective 
remedial actions.

To return to the question at hand – does the added invest-
ment in upfront time and cost reduce dam safety risk, or is it just 
a new method that ultimately provides a similar risk reduction to 
current methods, but at additional expense? My answer is that it 
depends on the application of the methodology. 

For RIDM to provide a significant added benefit, there are two 
major considerations:

 o  First, there needs to be a significant risk to life and property, 
or loss-of-use of the asset is unacceptable.

 o  Second, an owner wants to utilize a methodology that assists 
in the management of a portfolio of assets and guides the 
use of limited funds to provide the greatest amount of risk 
reduction.

If one or both of these answers is positive, then the answer 
is yes — RIDM is a powerful tool with benefits that justify the 
investment in time and cost.

Risk-Informed Decision Making Can Be a Benefit
Dams serve a valuable purpose in our society. When a large 
dam fails, the potential impacts can be very significant. 
Fortunately, such failures are infrequent, yet they still continue 
to occur. Through good dam safety practices, we can reduce 
the potential risks to life and property.

In general, society is increasingly finding cost and life-safety 
benefits in the application of risk analysis methodologies for 
low-frequency, high-impact events. In response, the dam safety 
community has developed risk-informed decision making 
methods to provide added insight and guidance for engineering 
problems that contain a complex and uncertain set of parame-
ters. These methods, if used appropriately, can allow for the most 
cost-effective use of resources. 

j M. JONATHAN HARRIS, PE, M.ASCE, is a senior associate at 

Schnabel Engineering, located in Greensboro, NC. His expertise 

includes geotechnical aspects of dam design and construction with 

a focus on seismic remediation and application of potential failure 

modes and risk analysis for dams. He can be contacted at  

jharris@schnabel-eng.com.

Figure 4. Loss of riprap and embankment materials due to 
heavy wave action on a dam in the Southeastern United States 
as a result of Hurricane Rita. (Photo courtesy of the Texas 
Commission on Environmental Quality.)
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Since ancient times, people have used levees to reduce flood risk. We 
have built over 30,000 miles of levees in the U.S., largely on the belief 
that levees will unconditionally protect people who live behind them. 

As a profession and a society, we often fail to adequately communicate that 
levees reduce flood risk, but cannot eliminate it. Following recent flood 
disasters, however, the public is beginning to understand that levees have 
limitations. Because the geo-professional community plays a key role in 
flood risk management, we must do our part to improve the ways flood risk 
is communicated to the public. 

A False Sense of Security
In the U.S., the standard approach for managing floods is 
based on level-of-protection (LOP) methodology, which 
inhibits effective flood risk management and clear risk com-
munications for both decision-makers and the public. Meeting 
today’s challenges posed by flooding requires that we:

 o Recognize and communicate risks
 o Make informed land use decisions
 o Better prepare for emergencies
 o  Commit to making required investments to reduce 
vulnerabilities

51www.geoinstitute.org

Breach of East Levee of Upper Jones Track on Bacon Island 
Road as floodwaters from the Middle River overran farms 
and homes in San Joaquin County, CA, June 3, 2004. (Photo 
courtesy of the California Department of Water Resources.)
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These objectives are best achieved through the application 
of Tolerable Risk Guidelines (TRGs). For decades, the geo- 
professional community has applied risk analysis to natural 
hazards and to infrastructure that is constructed in, on, or of 
earth. Applying TRGs to levees and flood risk management 
promotes sound leadership, effective risk communication, 
and implementation of flood risk reduction systems that 
not only meet today’s needs, but that are more resilient to 
inevitable change.

An article by the authors titled “California’s Delta, Levees, 
and Risk” in the September 2016 issue of Civil Engineering, 
attributed an important quote to William Hammond Hall, 
California’s first state engineer: “There are two types of levees, 
those that have been overtopped by floodwaters, and those 
that will be overtopped.” Of course, he was right — no levees 
we build are idiot-proof. We should know by now that Nature 
bats last, and that for every high-water level we use as the 
basis of design, there’s a very real possibility that a larger one 
will come along.

Hurricane Katrina (August 2005) is a telling example. The 
very name of the complex assembly of earth levees and flood-
walls surrounding New Orleans – the Hurricane Protection 
System, or HPS – communicated the wrong message. Before 
Katrina, uninformed residents had every right to believe that if 
they hunkered down on the leeside of the HPS, they would be 
protected; they would be safe. Tragically, this was not the case. 
Even if the levees had not breached, the storm surge would 
have overtopped many of them, and significant flooding 
would still have occurred.

LOP Thinking Is Outdated
There’s no doubt that Hurricane Katrina exceeded the design 
intent of the levees, underscoring that we cannot completely 
eliminate risk. There will always be residual risk, the risk 
that remains after accounting for the mitigating effects of 
structural, non-structural, and other risk-reduction measures. 
In The Black Swan (2007), Taleb refers to disasters of epic 
proportions that (1) are outliers, outside normal expectations; 
(2) carry extreme impacts; and (3) lead people to concoct 
explanations for their occurrence after the fact, trying to make 
them explainable or predictable.

Black Swans are, in fact, an insidious residual risk. Flood 
risk planning and communications that focus on “100-year 
flood protection” typically disregard the existence of Black 
Swans, which is also seen in our lack of readiness for storms 
like Katrina, Sandy, and the intense rainfall that caused flood-
ing in Baton Rouge, LA, in August 2016.

The lessons from recent flood disasters are straightforward. 
Successful flood risk management in the U.S. is too often 
compromised by a combination of factors:

 o  Questionable land use planning that puts economic develop-
ment ahead of safety

 o  Insufficient consideration of the range of flood risks leading 
us to underestimate the potential for catastrophe

 o  An unwillingness to pay the price for adequate protection
 o  Ineffective communication of risk to those most affected

These lessons spurred the National Committee on Levee 
Safety to recommend implementing TRGs for improved flood 

Repair of levee break in the Sacramento-San Joaguin River Delta, June 8, 2004. (Photo courtesy of the California Department of 
Water Resources.)
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risk management. Built on the recognition that society 
is willing to live with some level of risk in order to secure 
certain benefits, TRGs (1) support policy formulation; (2) 
inform risk management decisions; (3) enable evaluation of 
trade-offs; and (4) promote clear risk communications.

The New Orleans HPS was designed based on LOP think-
ing, still today’s default approach to flood risk management 
systems in the U.S. The National Academy of Sciences 
defines LOP as the flood recurrence interval that a specific 
structure is designed to withstand. Flood risk management 
for communities in the U.S. has historically focused on LOP 
methodology aimed at achieving protection from the flood 
with a one-percent annual exceedance probability (AEP), 
also known as the 100-year flood.

The limitations of the LOP approach are seldom clearly 
communicated. Stakeholders often believe that the hazard 
has been “eliminated,” when, in fact, there’s a 26 percent 
chance of being flooded during the term of a standard 
30-year mortgage. Unfortunately, the LOP approach ignores 
residual risk and the consequences of flooding that could 
occur from larger events, or from other failures of flood 
management infrastructure.

Recognize that LOP is not a flood safety standard – it’s 
too often a default flood management strategy that’s not 
based on meaningful analyses or discussions of “How safe 
is safe enough?” The 100-year LOP is an insurance standard 
that was developed under the National Flood Insurance 
Program (NFIP). It has not been updated in decades despite 
increasing urbanization in flood-prone areas, and despite 
the recognition that more than 20 percent of flood damage 
claims come from areas considered to be outside of the  
100-year flood zone.

LOP methodology is generally not performance-based. It 
fails to account for the possibility of floods larger than those 
prescribed by its water surface metric, which leads to flood 
management systems that are not resilient. LOP thinking 
generally fails to account for several critical issues:

 o Altered precipitation patterns due to climate change
 o Sea level rise and higher water surface elevations
 o  Greater consequences from population growth and devel-
opment in flood-prone areas

 o  Increased costs for rebuilding infrastructure that was 
designed for today’s floods.

LOP thinking also favors structural measures (e.g., levees) 
as a means to relieve those living behind levees from the 
requirement to purchase federally-subsidized flood insurance 
in the NFIP. This has led some people to jest that levees are not 
meant to protect people from floods, but are rather meant to 
protect people from having to buy flood insurance. In short, 
LOP thinking leads to unsustainable floodplains, and to inef-
fective risk communication because people are inadvertently 
led to believe that State Engineer Hall’s salient observation is 
no longer true.

How Safe Is Safe Enough?
In contrast to LOP thinking, a risk-informed approach 
considers not only the hazard, but also the consequences that 
ensue should the hazard occur (risk equals the probability of 
an adverse event times the consequences of that event). TRGs, 
based on risk calculations, recognize that because hazards 
cannot be eliminated, neither can risk; i.e., there will always be 
unavoidable residual risk.

Risk, the price we pay for securing certain benefits, exists 
on a continuum as illustrated in Figure 1. We make risk-based 
decisions every day; for example, even though traveling by car 
exposes us to the threat of accidents, we accept that risk by 
using our cars as we go about our daily lives. We can choose 
to mitigate that risk (or not) by wearing seatbelts, obeying 
speed limits, and maintaining our cars, but we cannot 
eliminate the risk.

Our risk tolerance, on the other hand, is illustrated by 
decisions we make regarding product warranties. Some people 
elect to pay for extended care warranties for their smart 
phones, while others take the chance that nothing will go 
wrong, and they won’t need to use the warranty.

LOP thinking presents us with a deterministic world – either 
a levee meets the criteria to protect against the 100-year flood, 
or it doesn’t. TRGs, on the other hand, challenge old ways of 
thinking because, knowing both the probabilities and the 
consequences of flooding, we must answer the question “How 
safe is safe enough?” Being freed from making binary decisions 
enables applying a different risk tolerance to levees that reduce 
flood risk for densely populated urban areas as compared to 
levees that reduce flood risk to agricultural lands.

To assess risk in the case of levees, we need to determine 
the flood hazard and how likely it is to occur. We also need to 

Figure 1. Risk range.
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know how the levee will perform in the face of the hazard, as 
well as who and what are in harm’s way. Next we need to deter-
mine how much harm will be caused if inundation occurs.

Understanding the hazard and knowing the consequences 
provides specific estimates of risk. In the context of flooding, 
we must also know the risk tolerance, or how much flood risk 
is acceptable. Application of TRGs provides a framework for 
making risk-informed decisions. The risk tolerance must be 
determined by those most affected by that risk, which can only 
be accomplished with effective risk communication.

Guiding Principles
Using lessons learned from Katrina, ASCE identified four guid-
ing principles that can help ensure public safety, health, and 
welfare. These principles allow for informed decisions, drive 
actions, and align behaviors necessary to achieve satisfactory 
performance of critical infrastructure systems, and they are 
critical to achieving the first canon of the ASCE code of ethics: 
Engineers shall hold paramount the safety, health, and welfare 
of the public.

The first guiding principle is to use a systems approach 
to plan, design, construct, and operate critical infrastructure 
so that it is resilient and fully integrated with other inter-
dependent systems. Second, we must continuously adapt 
critical infrastructure in response to changing conditions, new 
knowledge, and improved practice.

Third, we must exercise sound leadership, management, 
and stewardship in decision-making processes regarding criti-
cal infrastructure. Finally, we must quantify, communicate, and 
manage risk so that critical infrastructure will meet its service 
expectations, and end-users and the public can make good 
decisions about the consequences of infrastructure failure.

Use of TRGs for flood risk management helps achieve 
the guiding principles. Proper risk calculations depend on 
accounting for all aspects of the system, including hydrology, 

assets threatened by flooding, and system 
vulnerabilities. The change in risk caused 
by changing conditions can be used in 
the decision-making process, which leads 
to decisions that are more robust. The 
final guiding principle is all about risk – it 
cannot be achieved without employing 
TRGs or similar risk analysis processes.

In the past decade, application of TRGs 
to levees has matured and is consistent 
with the best available practices in risk 
management. In the U.S., the Delta 
Stewardship Council is in the process 
of applying TRGs to enable prioritizing 
investments made by the state of 
California for improvement of 1,100 miles 
of levees in the California Delta.

TRGs are also widely used in other 
countries; for example, flood investment priorities in England 
and in the Netherlands are risk-informed. Recent national 
policy in the Netherlands establishes a tolerable risk limit for 
loss of life (which is not possible using LOP) that limits the 
risk to which both individuals and society as a whole can be 
exposed; the goal is that no individual should have more than a 
1 in 100,000 annual chance of dying from a flood.

The four basic steps in applying TRGs are illustrated in 
Figure 2. Unlike LOP, TRGs calculate both current flood risk 
(Step 1), and the amount of flood risk reduction achieved 
by options identified to reduce risk (Step 2). This is a major 
advantage of TRGs over LOP: When we quantify flood risk 
using probability and consequences, we can also quantify 
risk reduction afforded by structural options (e.g., levees) as 
well as those provided by non-structural means (e.g., raising 
elevations or relocating assets). TRGs enable quantitative 
comparison of flood risk reduction options, including flood-
ways and bypasses, and support the selection of solutions that 
may be more cost-effective, resilient, and sustainable.

In Step 1, flood risk is most often measured by expected 
annual fatalities (EAF) and expected annual damages (EAD). 
EAF is a risk-based calculation of the average annual number 
of flood-related fatalities that would be anticipated for a given 
set of flooding conditions. EAD is a risk-based calculation 
of direct economic loss from flooding caused by a particular 
flood event and is the product of the probability of levee 
failure times the economic damage of flooding.

In Step 2, the changes in EAF and EAD measure the 
amount of flood risk reduction that can be achieved by each 
alternative. If we divide the change in EAD by the cost of con-
struction, we obtain a direct measure of the cost-effectiveness 
of each alternative (note that this is not the same as a cost/
benefit ratio).

Step 3, evaluation of options, illustrates the robustness of 
TRGs, which enable quantitative assessment of risk reduction 

Figure 2. Tolerable risk steps.
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and cost. On the other hand, LOP enables only comparing 
costs of alternatives. Because we cannot compare the ability 
of LOP approaches to reduce risk, we must depend on a 
qualitative evaluation, which often leads to levees as the 
default solution.

Stakeholders most affected by flood risk must be involved 
throughout the process to characterize risk, and to identify 
and evaluate options to reduce risk. Step 4 emphasizes con-
tinuous communications to maintain stakeholder awareness 
even when no floods occur. As part of maintenance and 
operations, Step 4 also includes ongoing review of changing 
conditions, so that changes in risk are readily identified.

Tolerable Risk Guidelines and the  
Geo-Professional
TRGs relieve us from having to make decisions regarding flood 
risk management based primarily on judgment and stake-
holder preferences. Instead, we can consider issues such as 
resilience, sustainability, and efficient use of resources. When 
we quantify flood risk using probability and consequences, we 
can also quantify risk reduction afforded by structural options 
as well as by other means, which enables consideration of 
solutions that may be more resilient and sustainable.

Too often, application of LOP methodology ignores 
residual risk. Because risk cannot be eliminated, TRGs can 
be effective in quantifying the residual risk that society may 
be willing to accept in order to receive certain benefits, for 
example living near water. TRGs are useful in allocating 

scarce resources, achieving equity, and promoting efficiency. 
An improved understanding of risk, as quantified in TRGs, 
supports policy formulation, informs risk management deci-
sions, enables evaluation of trade-offs, promotes transparent 
risk communications, and opens the door for resilient and 
sustainable flood risk reduction.

Geo-professionals design and help manage flood risk 
reduction systems, and the public’s safety, health, and welfare 
depend on sound practice and judgment. As such, geo- 
professionals are uniquely positioned to serve as the catalyst 
for improving the ways flood risk reduction systems are con-
ceived, designed, and constructed, and for the ways in which 
flood risks are communicated to those most affected. Meeting 
the challenge to effectively manage and communicate flood 
risk requires new ways of thinking, which can be achieved 
when geo-professionals lead the implementation of TRGs. 
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The repaired east levee of the Upper Jones Tract on Bacon Island Road, June 18, 2008. (Photo courtesy of the California 
Department of Water Resources.)
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CONNECTING FACULTY 
IN GEOTECHNICAL 
ENGINEERING
Thriving in a Networked World



A
robust social network, defined as a group of 
individuals and organizations with career-related and/
or personal relationships with one another, is essential 
for operating successfully in today’s business and 
research environments. Geotechnical engineering as a 

defined discipline forms such a group. Faculty in geotechnical 
engineering form a smaller network within the discipline. 
Given the increasing complexity of the problems geotechnical 
engineers face, including a stagnant economy and an 
environment that requires interdisciplinary and collaborative 
teams, competition for new projects is fierce. In addition, among 
engineering fields, geotechnical engineering is a comparatively 
small discipline. Geotechnical engineers must therefore make 
and maintain professional connections efficiently and effectively. 
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In academia, geotechnical engineering faculty must 
assemble interdisciplinary, collaborative teams to 
solve increasingly complex problems, and to effectively 
compete for ever-dwindling research funding. And, like 
geotechnical engineering practitioners, geotechnical 
engineering educators have a similar need to develop and 
maintain robust social networks with diverse connections. 
Figure 1 shows the various components of a robust social 
network. Diversity of connections is represented by a 
network that reflects differences in positional influence, 
systems represented (departments, sectors, institutions), 
and demographics and experiences. Access to connections 
that build diversity in one’s network is limited by low 
representation of diverse populations in the industry as a 
whole, and by being more geographically dispersed. These 
limitations make it more difficult to meet colleagues and 
to develop and maintain relationships.

Some Basics
The authors recently reviewed statistics from 205 U.S. col-
leges and universities that award engineering degrees to 
determine the number of geotechnical engineering faculty 
in the U.S. We found a total of 391 geotechnical faculty 
at 172 institutions, with an average of two geotechnical 
faculty in a typical department. Of the 391 faculty, 324 are 
male and 67, or 17 percent, are female.

The small number of geotechnical women faculty 
within this small group of geotechnical faculty overall 

Figure 1. A robust social network has a diversity of 

connections that reflects differences in systems 

represented (e.g., departments, sectors, and insti-

tutions), positional influence, demographics, and 

experiences.
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compounds the challenges associated 
with being a faculty member, especially 
in developing strong social networks. 
For example, women faculty sometimes 
face isolation by being the only woman 
faculty member as well as the only 
geotechnical faculty member in a 
department or college. This isolation 
can lead to a lack of mentorship, fewer 
opportunities to collaborate within the 
department, and reduced access to new 
information. When combined with the 
already small numbers of individuals in 
the field as a whole, and the widespread 
geographical dispersion of geotechnical 
faculty, three crucial areas are affected:

 o  the profession’s inability to recruit and 
retain geotechnical women faculty 
(which impacts the profession in 
general)

 o  the individual faculty’s ability to grow 
and thrive in today’s highly connected 
world

 o  research success, a hallmark of an 
educator’s success in today’s halls of 
higher learning.

The Role of Social Networks in 
Career Success
A social network represents the social 
structure of relationships between 
people, groups, and organizations. These 
connections can be strong and close, 
as with co-workers and department 

colleagues, or loose and distant, such 
as relationships with colleagues at 
other firms or universities across the 
country who interact infrequently. 
Having a diverse web of connections 
made up of close and casual contacts 
from multiple networks is essential for 
getting appropriate advice, monitoring 
new information, and staying on course 
for career success. Conversely, being 
a member of a highly centralized and 
tight social network, such as a small 
geotechnical group, might limit access 
to information related to the wider pro-
fessional community that could broaden 
opportunities in many arenas.

In the context of social networks, 
being isolated in a highly localized 
network can limit the number of col-
laborators and recognition a person has 
in her network, the size of the network 
(both formal and informal), tacit knowl-
edge of resources, and opportunities that 
support collaborative research and men-
toring. It’s often said that professional 
networks and mentoring relationships 
work best when they develop organically. 
While research supports this presump-
tion, the question for geotechnical 
women faculty is how can they develop 
organic relationships when opportunities 
are so few and far between? And what if 
their local relationships cannot or do not 
meet their needs?

Research shows that women in 
science, technology, engineering, and 
mathematics (STEM) are often margin-
alized in the work environment. One 
example can be found by considering 
how often women receive awards from 
professional organizations compared 
to men. A review of awards reported on 
websites of the Geo-Institute (G-I) of 
ASCE and the U.S. University Council on 
Geotechnical Education and Research 
(USUCGER) shows that the number 
of women receiving awards is not 
proportional to their representation 
in the organization. Since 2000, the 
G-I has recognized women most often 
when they have collaborated with men. 
During this time interval, only two 
women were recognized individually 
for their scholarly accomplishments. 
Similarly, USUCGER has presented 13 
awards since 1998. Only one recognized 
a woman’s individual achievement, 
and that was for service rather than for 
scholarly or educational contributions to 
the field.

The diversity of the pool of G-I award 
nominees can be restrictive because 
the Institute only reviews applications 
that are submitted to it. Research has 
shown that a more diverse pool elevates 
the chances that the finalist will be 
from a diverse group. The achievement 
of optimal diversity in the pool is one 

Prof. Bhatia with graduate students in the lab, testing large-scale geotextile tubes.
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area where enhancing the networks of 
individual geotechnical faculty can make 
a difference. A vibrant network provides 
more opportunity for individuals to 
identify a broad range of well-qualified 
nominees and allows individuals to 
find and ask a well-qualified sponsor 
to nominate them. Awards increase 
visibility, name recognition, and profes-
sional credibility, and may also serve to 
increase access to resources; thus, they 
are significant to career success.

The Intervention Model
To address these issues, the National 
Science Foundation (NSF) recently 
launched an exciting new effort 
called “Connecting Women Faculty in 
Geotechnical Engineering: Thriving in a 
Networked World.” Led by the authors, 
the goal for the project is to create 
an enduring network of geotechnical 
engineering faculty colleagues and 
collaborators, both women and men. 
We believe this investment by NSF will 
foster career success and resilience, 
not only for geotechnical women 
faculty, but for the entire geotechnical 
engineering community. Ultimately, the 
grant aims to increase the number of 
women attracted to and retained in the 
geotechnical discipline.

The project will apply social network 
analysis and professional development 
activities to improve networking and 
collaboration among geotechnical 
engineering faculty, especially among 
women faculty, to help bridge the isola-
tion created by geographical distances, 
low representation, and connectivity 
gaps. The two key activities that will 
support achievement of an enduring 
network for geotechnical women faculty 
includes using: 1) a professional devel-
opment intervention model to improve 
networking and collaboration; and 2) 
a social network analysis and survey 
to improve understanding of existing 
networking practices. The intervention 
into the existing network will combine 
face-to-face networking opportunities in 
an all-day workshop, and facilitation of 
virtual networking practices to increase 

collaboration opportunities. Based on 
social networking theory, the interven-
tion will foster understanding about 
each individual’s network behavior, 
enable networking, provide opportu-
nities for substantive connections with 
colleagues across the nation, and equip 
participants with the knowledge and 
skills they will need to build connections 
and collaborate in a networked world.

The NSF has made a considered 
effort to impact the recruitment and 
retention of women engineering faculty. 
Specifically in geotechnical engineering, 
it has supported two earlier conferences 
designed to understand the challenges 
and to connect the women. While the 
information generated was critical, the 
lasting connections among the women 
were not as substantial as hoped.

Networking improvements will be 
facilitated by developing a cohesive 
intellectual community that provides 
greater access to mentoring, novel 
information, new resources, and 
potential collaboration partners. Over 
the two-year length of the project, par-
ticipants will attend a network-building 
workshop and a collaboration 
workshop. The first workshop will be 
held in Washington, DC, on April 10 and 
11, 2017. It will focus on understanding 
how network building improves career 
success as well as builds actual skills to 
connect with potential collaborators 
and mentors and helps to maintain 
those connections over time and 
distance. The second workshop will 
focus on the evidence-based practices 
of effective collaborators and provide 

Professor Athanasopoulos-Zekkos 
sits on the ground surface rupture 
at Portoviejo, Ecuador, after the 
April 2016 earthquake.

Prof. Gallagher lecturing during an upper-level 
undergraduate course titled “Incorporating 
Sustainability Principles in Design.”
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feedback on the impact of the interven-
tion model.

Between the first and second 
workshops, another component of the 
intervention model will be the facilitation 
of learned practices from workshop one, 
including virtual communication, devel-
oping a digital presence, and creating 
community-building strategies. Pre- and 
post-workshop surveys will evaluate the 
social networks of geotechnical faculty 
and their digital, long-distance network 
preferences. Male colleagues will also be 
invited to take the surveys to understand 
their network and connection behaviors 
as well. The second workshop will be 
connected to an existing geotechnical 
engineering conference in 2018. Male 
colleagues who have submitted surveys 
will be invited to this event, thus extend-
ing opportunities for women participants 
to collaborate with colleagues and 
practice network-building strategies. 
Both men and women will have access 
to funds to support partnerships and 
collaboration during the project period.

Expected Outcomes
For the geotechnical engineering 
community in general, and the network 
of geotechnical women faculty in 
particular, this initiative will result in a 
greater understanding of what the typical 
networks for geotechnical faculty look 
like, and how social networks impact 
career success and productivity. In 
addition, we will assess the effectiveness 
of this intervention model to determine 
whether geotechnical women faculty can 
build stronger, more varied networks for 
support, and begin to collaborate among 
one another.

For individual faculty members, the 
project’s objectives will be to connect 
participants with one another, and 
prepare participants to establish and 
effectively maintain professional 
networks and collaborations. The 
anticipated outcomes will be to 
increase network-building skills, 
such as assessing and monitoring a 
professional network to enhance career 
outcomes and research productivity, 
to increase use of virtual and other 
long-distance strategies to maintain 
network connectivity, and to increase 
the number of ties and frequency 
of connectivity among geotechnical 
women faculty.

One outcome to date is the develop-
ment of an extensive database of female 
and male geotechnical faculty from a 
review of universities and colleges in the 
U.S. While the database is still a work in 
progress, we look to the community to 
confirm their information and identify 
new faculty who may not have been 
identified on institution or department 
webpages during the summer of 
2016. We encourage geotechnical 
engineering faculty to confirm their 
contact information in the database at 
bit.ly/GTdatabase, or by contacting Dr. 
Shobha Bhatia (skbhatia@syr.edu). 

j PATRICIA M. GALLAGHER, PhD, PE, 

M.ASCE, is an associate professor in the 

Department of Civil, Architectural, and 
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Prof. Adda Athanasopoulos-Zekkos teaching a graduate geotechnical course at the University of Michigan.
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How Researchers Can Contribute to Today’s 

Real-World Challenges

A 
2½-day National Science Foundation 

(NSF)-sponsored Workshop (Award 

No. CMMI-1248053) was held in 

July 2016 at the NSF headquarters 

in Arlington, VA. The Workshop 

focused on fundamental principles 

that underlie current and anticipated 

developments in geotechnical and geo- 

environmental engineering, with an emphasis 

on how the geotechnical research community 

can contribute to the real-world challenges 

facing humanity today. Forty researchers 

attended the Workshop, representing a range 

of technical backgrounds, diversity, and career 

stages. Participants from overseas were able 

to provide an international perspective.

The Workshop opened with presentations and a discussion 
on the current state of fundamental geotechnical research and 
its implications for societal “grand” challenges, as well as the 
future of geotechnical engineering. The role that fundamental 
understanding of geo-material behavior has played, and will 
continue to play, in technical advances was emphasized. The 
participants discussed some areas where fundamental work is 
still needed to address knowledge gaps, including:

 o    A potential need to revisit, or update, existing soil classifica-
tion systems

 o   The need for new measurement and data-driven approaches 
in geotechnical engineering

 o   The ongoing challenges of modeling multiscale problems, 
especially in the presence of heterogeneous material 
properties

 o   Knowledge gaps in unsaturated soil behavior

“Grand” challenge areas that the geotechnical community is 
positioned to lead include:

 o  Development of a “low–carbon” economy
 o  Management of global groundwater resources
 o  Enhancements of urban sustainability and resilience

By Susan E. Burns, PhD, PE, M.ASCE, Patricia J. Culligan, PhD, M.ASCE, Ning Lu, PhD, F.ASCE, 

Juan Carlos Santamarina, PhD, A.M.ASCE, and Alexandra Wayllace, PhD

NSF Workshop on Geotechnical Fundamentals
Workshop participants.
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During day two, participants explored fundamentals 
and challenges in the areas of bio-mediated geo-processes, 
geo-chemistry, unsaturated soils, and thermal energy and 
foundations. A common theme emerged: the problem of 
up-scaling, i.e., how to move promising techniques for soil 
modification and improvement from the laboratory to the field. 
It was noted that, unlike material modification methods in 
many other fields, geotechnical applications often require the 
treatment of large volumes of material at low cost. Challenge 
areas identified under this umbrella include:

 o   Understanding the distribution and level of treatment 
needed for different techniques

 o   Identifying methods to verify the distribution of treated soil 
over large areas

 o   Outlining monitoring and soil characterization methods 
for different spatial scales (i.e., nano- to macro-scales) and 
different time scales (i.e., short- to long-term)

Another common theme emerged: the need to improve 
understanding about how coupled processes (such as 
bio-geo-chemical, multi-phase fluid, and thermal) influence 
geo-material behavior. Because the geotechnical discipline 
can be very self-contained, Workshop participants noted 
that processes could be advanced and expedited by 
increasing collaboration with other researchers. Enhanced 
collaboration would also expand perspectives on available 
approaches for materials testing, monitoring and characteri-
zation, as well as potentially applicable multi-scale modeling 
and upscaling techniques.

During day three, Workshop participants explored 
fundamentals and emerging themes in rock mechanics, 
multi-physics and mechanics, and coupled phenomena. 
Again, challenges with multiscale characterization of geo- 
materials, linking behaviors across scales, and dealing with 
coupled processes emerged as common threads. In addition, 
the complexity of dealing with phase transformations was 
raised. For example, during freeze-thaw cycles in soils, pore 
fluids transform from a solid to a liquid phase, and vice-versa. 
Often, it can be difficult to understand and account for ways 
these transformations impact geo-material behavior in 
environmental processes, energy foundations, and geo-haz-
ards. Questions about how to best integrate soil and rock 
mechanics, in both research and education, also arose as part 
of day three discussions.

Several other common themes emerged as techniques to 
potentially help unify the topics discussed:

 o   Linking soil classification systems to new measurement 
techniques, and then to geo-material behaviors of existing 
or emerging interest

 o   Advancing collaborative geo-community models, bench-
marking techniques, and data sets for certain classes of 
geotechnical problems, such as unsaturated soil behavior

 o   Mapping geotechnical expertise to grand challenges as iden-
tified by the National Academy of Engineering and others, to 
identify areas where geotechnical engineers and researchers 
could lead in assembling interdisciplinary expertise to 
address certain challenges

Readers interested in further information on the 
Workshop, including the program, presentations, white 
papers, and list of attendees, may visit nsfgeoworkshop2016.
com. Here, you can also find contact information and pro-
vide feedback for the Workshop organizers. When complete, 
the final Workshop report will be publically available via the 
website. The report will suggest future workshop activities, 
highlight common challenges and knowledge gaps identified 
across a range of geotechnical subfields, and state potential 
areas where additional resources might benefit the entire 
geotechnical community.

Any opinions, findings, and conclusions or recommenda-
tions expressed in this material are those of the authors and 
do not necessarily reflect the views of the National Science 
Foundation. 
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With a love of geology that dates back to third grade 
fieldtrips with his best friend, Jeffrey Keaton is 
a master multitasker with a resume to prove it. 

His academic achievements include a bachelor’s degree in 
engineering geology from the University of Arizona (1971),  
a master’s in geotechnical engineering from UCLA (1972),  
and a PhD in geology from Texas A&M University (1988).  
He has worked in both industry and academia, and has over 
45 years of experience in locations covering five continents.

Keaton started his career at Dames and Moore (now 
AECOM), also serving part of that time as an adjunct associ-
ate professor at the University of Utah. He later moved to a 
regional company (now part of Amec Foster Wheeler), where 
he has been working for 27 years and currently holds the 
position of principal engineering geologist.

He has experience in geologic, seismologic, and geotech-
nical projects associated with a wide variety of topics, from 
energy development to radioactive waste disposal facilities. A 
number of these projects have involved evaluation of natural 
hazards, such as landslides, earthquake-induced liquefaction 
and faulting, and earth fissures. Some of the more prominent 
projects include the Hoover Dam Bypass Bridge Design in NV, 
and the Ruby Pipeline Construction in WY-OR.

Additionally, Keaton has made significant contributions 
to the advancement of the profession through 16 projects 
funded by different institutions. For example, he served as 
the principal investigator for “Scour at Bridge Foundations 
on Rock” for the National Cooperative Highway Research 
Program. He was also the leader for the Geotechnical/
Foundations Team for Applied Technology Council’s 
“Project 33,” a five-year, $8 million project funded by the 
Federal Emergency Management Agency (FEMA), entitled: 

Jeffrey R. Keaton,  
PhD, PE, PG, D.GE, F.ASCE
By Amy Getchell, EIT, S.M.ASCE, Anahita Modiriasari, S.M.ASCE, Eimar Sandoval, S.M.ASCE, 
Mohammadhasan Sasar, S.M.ASCE, and Rodrigo Borela Valente, S.M.ASCE

Jeffrey R. Keaton
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Guidelines and Commentary for Seismic 
Rehabilitation of Existing Buildings.

Keaton served on an 11-person task 
force to prepare the 1996 Transportation 
Research Board’s (TRB) Special 
Publication 247 Landslides: Investigation 
and Mitigation. He has authored or 
co-authored 250 technical articles and 
papers on engineering geology mapping, 
earth fissures, seismic ground motion, 
fault rupture, design of dams and 
pipelines, and application of emerging 
technologies in the engineering geology 
practice. As an adjunct associate pro-
fessor in the Department of Geography 
at the University of Utah from 1984 to 
1996, he taught an undergraduate class 
entitled “Principles of Geomorphology” 
and two upper-division/graduate classes 
entitled “Applied Geomorphology” and 
“Urban Natural Hazards.”

Keaton is an active member of 
numerous professional organizations. 
He has been a member and fellow of 
the American Geophysical Union, the 
Geological Society of America, ASCE, and 
the Geo-Institute. He is a past president 

of the Association of Environmental & 
Engineering Geologists, an emeritus 
member of the TRB, and a member of the 
steering committee of the Geotechnical 
Extreme Event Reconnaissance (GEER) 
Association. His other memberships 
include: the International Association 
for Engineering Geology and the 
Environment, the International Erosion 
Control Association, the International 
Society for Soil Mechanics and 
Geotechnical Engineering, and the 
Society for Mining, Metallurgy, and 
Exploration. He has also served as a 
program evaluator for ABET to assess 
the quality standards of professional 
degree-granting programs at colleges 
and universities.

Q: How important do you think it is to 

have a graduate degree?

It’s essential. I say this because when 
we need to fill a position in my office, 
we get inquiries from a variety of appli-
cants, including many who hold their 
master’s. We would be almost foolish 
not to select one of those master’s 

students over those who hold just 
bachelor’s degrees, because they clearly 
have additional skills and training. 
Sometimes, a PhD degree is seen as a 
negative in the sense that it implies too 
much interest on narrow, tiny things, 
and in the consulting environment we 
have a scope that we have to follow. 
We do have a number of PhDs in my 
office, about seven right now, but we 
are all consultants. I mean we are really 
consultants. I’m probably the most 
research-orientated among them.

Q: What do you believe is the most 

valuable skill required for consulting?

I believe there are two skills that need 
to be connected. The first part is a 
person’s technical capability to complete 
things. That’s why a master’s degree is 
so helpful — because it’s something that 
you’ve had to do yourself. The other 
part is a person’s communications skill. 
You could be the smartest individual 
around, but if you cannot communicate 
the results of your analyses and designs, 
then your technical skills are not valued 

Roller-compacted concrete Olivenhain Dam in San Diego, CA.
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in the consulting environment in terms 
of satisfying a client’s needs.

Q: What are the most exciting proj-

ects you’ve worked on?

The two highest-profile projects I’ve 
worked on are the Hoover Dam Bypass 
Bridge and the Olivenhain Dam. For 
the Hoover Dam Bypass Bridge, my role 
was developing the earthquake ground 
motion for design, and it was very 
challenging. In 1999, I was a professional 
fellow at the Earthquake Engineering 
Research Institute. My proposal was 
to work with two seismologists at the 
University of Nevada, Reno, using a com-
posite source model for the distribution 
of patches of rupture on two different 
faults crossing the bridge. I compiled 
the ground motion at these faults and 
discovered that the bridge went into 
a multimodal deformation, instantly. 
After all of that study, it turned out that 
seismic loading didn’t govern the design 
— wind did! It’s very windy at the bridge 
site. It blows down the canyon, putting 
the bridge into harmonic motion.

When it was constructed between 
1998 and 2003, the Olivenhain Dam, 
located near Escondito in southern 
California, was then the tallest, 
roller-compacted concrete dam in 
North America. I did a number of dif-
ferent things on that project, including 
establishing the seismic design criteria 
for the dam and designing a wall that 
enlarged the reservoir. During the course 
of my work on the project, I had the 
opportunity to defend my earthquake 
design parameters to Bruce Bolt, a well-
known seismologist and professor from 
Berkeley, which was great.

Q: What lessons have you learned 

from working in the industry?

I’ve learned many lessons over the 
years. First, have fun! If you’re having 
fun, you’ll want to go to work, and you’ll 
be engaged and eager. Second, do a 

Lessons Learned from GeoLegends
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good job. Doing a good job is personally 
satisfying, limits liability exposure for 
your firm, and generates your clients’ 
desire to come back for more service. 
Third, learn something new that makes 
you a more valuable employee. It’s 
professionally satisfying and good for 
career development. And fourth, work 
toward earning a reasonable profit so 
you can afford to write a proposal to 
repeat the first three again! There’s a 
succession and sustainability compo-
nent in there. So, what’s the lesson? 
Practice those principles.

Q: Did you consciously make a deci-

sion to go after challenging problems 

and projects?

No! They found me because I partic-
ipated. I made my first professional 
presentation in 1975. It was an abstract 
that got accepted, and I presented with 
some slides. Then, I evolved into writing 
conference papers. Now I have a resume 
that’s more than 30 pages long, and 
most of that is a list of abstracts and 
conference papers. I also have a few 
meaningful, peer-reviewed papers. I am 
findable! People in my company ask, 
“Who do we have that knows about rock 
mechanics? Who do we have that knows 
about rheometry? Who knows about 
sinkholes?” The answer to each question 
was Keaton. That happens because I’m 
easy to find, I’m very responsive, and I’m 
recognized as being a team player, being 
available, and being connected.

Q: Do you think that today’s 

engineers depend too much on 

technology?

No, technology is useful. Where I see 
fault is some young engineers who 
accept the results of technology without 
validating whether the results are 
accurate. But I don’t think there’s too 
much dependence on using technology 
to do things that are otherwise very 
tedious. For example, just look at 

statistics; we can do statistical analysis 
now with just a couple of mouse clicks. 
And why do we still represent soils using 
c-φ parameters? Because years ago, a 
nonlinear analysis was a big challenge. 
Now, it’s nothing.

Q: What do you recognize as the 

biggest shortcoming in geotechnical 

engineering?

We do the technical stuff well, so I would 
say the shortcomings are people skills 
like sociology and communication. I 
have three degrees, but I never took a 
course in sociology. I once worked on 
a low-level radioactive waste disposal 
project in west Texas that was being 
organized by the Rio Grande Council of 
Governments. My counterpart on the 
project was a sociologist who had three 
degrees in sociology. I greatly enjoyed 
my interactions with him. He had a real 
talent for asking me questions to draw 
out the information he needed so that 
he could explain things clearly to the 
community. That experience also helped 
me to understand and appreciate the 
value of communication skills. Engineers 
generally can communicate well with 
other engineers and technical staff, but 
when you’re in a public setting and a 
question is asked from someone who 
has no technical background, you must 
be able to explain it in a way that’s easy 
to understand. The message has to be 
heard, processed, and believed; the 
person who just asked the question now 
has to decide if he’s going to take action 
as a result of what he was just told.

Q: So how can we improve on these 

skills?

It would be valuable to have more dis-
cussions with persons who “get it” and 
understand what we are talking about in 
this interview. Perhaps the Geo-Institute 
should provide workshops on how to do 
this; and be sure to bring in people who 
are not engineers. Students like you are 
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Seismic refraction survey used to forecast rock excavation for design of a pipeline in Humboldt County, NV.

the leaders of the future, and you should 
be guiding that.

Q: What do you see for the future of 

geotechnical engineering?

Sustainability will be an important 
driver. I hesitate to use that word 
because it means so many different 
things to people. Many times the word 
is a barrier. When people say “sus-
tainability,” they envision added costs 
without added value. I serve on the ASCE 
Committee on Sustainability, and I’m 
chair of the Strategic Communications 
subcommittee for that group. In that 
subcommittee, we’re moving forward 
in what I call a “renaissance in civil 
engineering,” where we’re learning now 
that we don’t have tools that will allow us 
to define today what loading conditions 
will be 50 years from now. We need new 
standards to help us estimate what the 
range of conditions might be in 50 years 
so we can make intelligent decisions 
today. It’s a huge challenge.

Geotechnical engineers want to 
help improve the quality of life for 
communities by making our designs 
sensible, appropriate, and adjustable. A 
good example is the foundation (bridge, 
embankment, etc.) for the replacement 
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of the rail line on the coast of California. 
What will the sea level be there in the 
future? This is a real question. We don’t 
know the answer, but we have some 
ideas. The foundations being designed 
today are big enough to take higher 
structural loads, but we’re building the 
structure in a modular way so that it 
can be raised in the future if needed. 
Of course we won’t actually spend the 
money to do that until the future, when 
we’ll know better what is needed. We 
can’t go back and rebuild the foundation 
later on… but we must do something 
today. This situation represents an 
interaction where the geotechnical 
engineer’s contribution is important 
and urgent. We need to know how to 
participate in this process because it’s 
vital to our communities in the near 
future and long term.  
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Paul J. Axtell, PE, D.GE

Look Who’s a D.GE

Paul Axtell is a principal engineer for 
Dan Brown and Associates, where he 
primarily focuses on foundation engi-
neering for transportation structures. 
Recently, Axtell has served as the lead 
foundation designer for several major 
bridges around the nation, most of 
which include full-scale foundation load 
tests. He received his undergraduate 
engineering degree from the University 
of Missouri and his graduate engineering 
degree from the University of Texas. 
He is current chairman of the DFI 
Drilled Shaft Committee and resides 
in Overland Park, KS, with his wife and 
three children. 

What class did you enjoy the most 

while in school?

Professor Roy Olson’s Foundation 
Engineering while in graduate school at 
the University of Texas.

What was your favorite project?

It is difficult to pick one because so 
many are challenging and unique. The 
St. Croix River Crossing near Stillwater, 
MN, is certainly near the top.

What is your favorite song and artist?

“Fishing in the Dark” by the Nitty Gritty 
Dirt Band is my favorite song. My favorite 
artist right now is probably Zac Brown.

What is your favorite movie or 

television show?

 My favorite movie is Blazing Saddles; it 
is completely inappropriate, but equally 
appalling and insulting to all facets of 

humanity. We could all benefit from a 
little sense of humor about ourselves, 
no matter what our background. I doubt 
this movie would be well received in 
today’s political climate, but it offers a 
refreshing look at comedy when nothing 
was off limits.

Where did you spend most of your 

childhood, and what was it like for 

you to grow up there?

I grew up in Missouri, just south of 
Kansas City. The youngest of seven, six 
of which were boys, and all within nine 
years of one another, we were never 
short for a pick-up baseball game. My 
father is a marine and, accordingly, we 
grew up with a sense of discipline and 
an appreciation for hard work. To this 
day, we are still a close family, and the 
only thing noticeably different is that the 
frequency of bloody noses has decreased 
in our advanced age (we still get and give 
a few, especially when the ump gets the 
call wrong in one of our pick-up games). 

When did you realize that you wanted 

to study civil engineering? What were 

the key factors in your decision to 

become a civil engineer?

Like many other engineers, I enjoyed 
math and physics in high school, 
so everyone giving out free advice 
suggested I study engineering. None of 
my family or close acquaintances were 
engineers, so I didn’t exactly know what 
to expect, but, upon finishing a semester 
or two in college, I quickly became aware 
that this was the field for me. 

PAUL J. AXTELL
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How do you feel about the state of 

civil engineering and the profession 

as it is today? 
Based on all accounts, this should be a 
great time to be a civil engineer, given the 
current state of our infrastructure. I sus-
pect very few people would argue that a 
sizable investment in our roads, bridges, 
dams, energy facilities, water delivery, 
water recovery, landfills, etc., is not 
necessary. Obviously, the difficult aspect 
is finding the funding to undertake such 
projects. However, this dilemma could 
be viewed as an opportunity to improve 
upon our profession by requiring that 
more cost-effective, yet fundamentally 
sound, solutions be developed. 

What do you personally feel are the 

biggest challenges that are on the 

horizon for the profession? 

I feel insufficient communication is 
a problem that is getting worse. The 
rapid advancement of technology, 
which allows more avenues of 
communication than ever before, also 
produces an overwhelming amount of 
unnecessary chatter that often does 
more harm than good. We should 
aspire to use the communication tools 
available to us to quickly and clearly 
convey useful information rather than 
as a means to produce an incoherent 
data dump. Furthermore, there still 
seems to be an invisible boundary 
between specialties preventing 
cross-communication amongst the 
disciplines; the geotechnical and the 
structural engineers should communi-
cate often on every project, preferably 
in person, but at least by telephone. 

Aside from communication, I 
feel certain aspects of our profession 
are becoming a commodity. While I 
am a proponent of healthy and fair 
competition, the commoditization of 
any industry is a race to the bottom. 
In my judgment, the D.GE specialty 

certification represents quite the oppo-
site, or rather a means to help preserve 
the integrity of the profession.

Do you have a message about 

specialty certification that you’d 

like for professional engineers to be 

aware of?

Only that it makes sense. Civil engineer-
ing is a very broad field and many, if not 
most, of the items included in the PE 
exam have very little bearing on my day-
to-day work as a geotechnical engineer. 
I can only assume the same is true for 
structural engineers or traffic engineers 
or any of the other specialties that fall 
under the umbrella of civil engineering. 
While obtaining and maintaining the PE 
credentials are important, it is not effec-
tive at establishing that an individual 
is competent and capable of the duties 
required of a specialty field beyond 
general civil engineering. I don’t see the 
downside of developing and requiring 
specialty certifications.

Was the effort to get the D.GE worth it?

Yes, it was worth it, and as I remember, 
not all that much effort was required 
once the prerequisites were satisfied. 
I can only recall one project where 
certification as a D.GE was required in 
the specifications, and we were fortunate 
enough to win that project, which 
certainly made the effort worthwhile. It 
would be wonderful to see more owners 
or projects include similar requirements.

At a minimum, when I meet new 
people and they notice the extra letters 
on my business card, a meaningful and 
beneficial conversation usually develops 
through the explanation of what the 
“D.GE” stands for.

What are some of your personal 

hobbies and interests? 

I’m an avid waterfowl hunter; it has a 
fall season that coincides nicely with 

coaching two of my sons’ baseball teams 
in the spring and summer. I enjoy most 
outdoor activities and ride a bicycle 
to try and keep the ticker ticking. In 
whatever time is left, I’m trying to learn 
to play the guitar, but by the sound of it, 
there isn’t enough time. 
 
For the complete article, please visit: 
geoprofessionals.org.

Based on all 

accounts, this 

should be a great 

time to be a civil 

engineer, given the 

current state of 

our infrastructure. 

I suspect very few 

people would 

argue that a 

sizable investment 

in our roads, 

bridges, dams, 

energy facilities, 

water delivery, 

water recovery, 

landfills, etc., is not 

necessary. 



GRL Engineers Contribute to Geotechnical Engineering 
Circular No. 12 – Design and Construction of Driven Pile 
Foundations
The recently released Geotechnical Engineering Circular No. 12 – Design and 

Construction of Driven Pile Foundations (GEC.12) is the U.S. Federal Highway 

Administration’s (FHWA) primary guidance and reference document on driven 

pile foundations. GEC 12 updates and replaces the previous Design and 

Construction of Driven Pile Foundations document that had been published 

in 2006. It reflects changes that occurred in the industry over the last 

decade in the practice of designing, constructing, and inspecting driven pile 

foundations. Most notably, the Circular incorporates Load and Resistance 

Factor Design methods, following current American Association of State 

and Highway Transportation Officials (AASHTO) specifications.

The two-volume compendium covers a range of topics, from subsur-

face exploration and laboratory testing to static, dynamic, and rapid load 

tests. Pile driving equipment and technical specifications are also included, 

along with a companion third volume of examples.

GRL is proud to have contributed the expertise of its president, 

Patrick J. Hannigan, PE, M.ASCE, and its founders, Frank Rausche, 

PhD, PE, D.GE, M.ASCE, and Garland E. Likins, PE, M.ASCE. FHWA 
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The Geo-Institute Organizational Member Council (OMC) invites your 
organization to join us. Enjoy the numerous benefits that G-I organiza-
tional membership offers, including the following:

•  Up to a 50 percent discount on the G-I annual Geo-Congress for one person.

• A 5 percent discount for advertising in GEOSTRATA magazine.

•  Forty percent ($400) of your annual G-I OM dues goes directly to fund G-I 

student activities. A portion of that money finances student travel to the 

annual Geo-Congress and the OM/Student Career Fair.

•  Each year during the annual Geo-Congress, the OMC hosts an OM Career 

Fair/Reception. Two OM members from each OM firm are invited to 

participate, along with 45-50 students carefully chosen by the OMC. 

•  Opportunity to publish news about your company, including awards,  

new staff and promotions, company projects, etc.

•  Your company logo posted on the G-I website at geoinstitute.org/

membership/organizational-membership.

•  Your company name listed in Organizational Member News in each issue of 

GEOSTRATA magazine.

•  Opportunity to display the G-I logo on your website and on printed materials.

•  Opportunity to display a G-I Organizational Member placard at your exhibit 

booth.

For more information, visit the G-I website at geoinstitute.org/membership/

organizational-membership, where you can download the Organizational 

Membership application.

“We’re Looking Out for You!”

1 Michelle Bolding (Chair)  |  2 Jay Beech  |  3 John Bischoff  |  4 Stanley Boyle  |  5 James D. Hussin  |  6 Robert Saunders  |  7 Kord Wissmann

21 3 54 6 7

G-I ORGANIZATIONAL MEMBER NEWS



has made GEC 12 available for free download in PDF format at 

https://www.fhwa.dot.gov/engineering/geotech/pubs/gec12/

index.cfm.

Shannon & Wilson Welcomes 
Kennedy
Shannon & Wilson is continuing to expand 

its underground services practice with 

strategic hire Edward R. Kennedy. Kennedy 

joins the firm as a vice president and senior 

project manager for tunnels and systems. 

He has more than 40 years of experience 

in all major phases of heavy civil construc-

tion projects and significant expertise with soft ground and hard 

rock Tunnel Boring Machines (TBMs).

Kennedy has served as resident engineer for large, complex 

water/wastewater, transportation, and other infrastructure- 

related projects in challenging urban environments. He is also an 

established leader and innovator in the tunneling/underground 

industry, having participated in much of the development 

history of the TBM, working with the Robbins Company, which 

pioneered hard rock TBMs and disc cutters. He is recognized by 

contractors, engineers, owners, and manufacturers as an innova-

tive engineer and hands-on TBM expert with unique knowledge 

of mechanical excavation and its application. He also has worked 

on the design, operation, and troubleshooting of both soft 

ground and hard rock TBMs around the world. 

GEO-INSTITUTE ORGANIZATIONAL MEMBERS
Visit us at geoinstitute.org/membership/organizational-membership
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j   AECOM

j   Advanced Construction 
Techniques, Inc.

j  AMEC 

j   American Engineering Testing, Inc. 

j   Ardaman & Associates, Inc.

j  Arup

j  Atlas EPS 

j  Bechtel

j  Bentley Systems   

j   Berkel and Company  
Contractors, Inc.

j   Braun Intertec Corporation

j  CH2M

j  ConeTec, Inc.

j  DBM Contractors, Inc.   

j   Dan Brown and Associates, Inc.

j  D’Appolonia

j  Densification, Inc.

j   ECS Corporate Services

j  FECON JSC

j   Fudo Construction, Inc.   

j  Fugro Consultants LP

j  GRL Engineers, Inc.    

j   GZA

j   GeoEnvironmental, Inc.

j  Gannett Fleming, Inc.

j  GeoEngineers, Inc.

j  Geo-Instruments, Inc.

j  Geokon, Inc.

j   Geopier Foundation Company  

j  Geo-Solutions, Inc.

j   GeoStabilization International®

j   Geosyntec Consultants

j  Golder Associates, Inc.

j  HNTB Corporation     

j  Haley & Aldrich, Inc. 

j  Hart Crowser 

j  Hayward Baker, Inc.

j  HUESKER, Inc.

j  Insulfoam  

j  Jafec USA, Inc. 

j  Kelchner

j  Kleinfelder, Inc   

j   Langan Engineering & 
Environmental Services, Inc.

j   Layne GeoConstruction

j  Loadtest, Inc.   

j   Logic Technologies — Global 
Sensing Solutions Division 

j   Magnus Pacific Corporation

j   Malcolm Drilling Company, Inc. 

j   McKinney Drilling Company

j  Menard, Inc.

j  Moretrench       

j  NTH Consultants, Ltd. 

j   Nicholson Construction Company

j   Pagani Geotechnical Equipment®

j  PB Americas, Inc.    

j   The Reinforced Earth Company

j   Rembco Geotechnical  
Contractors, Inc.

j  Richard Goettle, Inc.

j  RocScience

j  S&ME, Inc.   

j   Sanborn, Head & Associates, Inc.

j  Schnabel Engineering

j   Schnabel Foundation Company

j  Sentez Insaat Ltd. Sti.

j  Shannon & Wilson

j   Soil and Materials Engineers, Inc.

j   Specrete-IP Incorporated

j  Stantec

j  Strata Systems, Inc.

j   Subsurface Constructors, Inc.

j   TenCate 
  Geosynthetics

j  Tensar International

j  Terracon, Inc.   

j   Terra Insurance Company 

j   Tolunay-Wong Engineers, Inc.

j   ZETAS Zemin Teknolojisi A.S. 

j   PLEASE SUBMIT company news and career 
achievements to GEOSTRATA via geostrata@asce.org.
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 GBA's 2016 
Safety Summit 
Videos Available

To promote awareness, collaboration, and 

better safety practices, GBA held a first-of-

its-kind Safety Summit prior to the 2016 

Spring Conference in Seattle. This one-day 

event was attended by GBA Safety Leaders, 

regulators, and subject matter experts. 

GBA member firms can access the content 

from the summit at geoprofessional.org/ 

2016-safety-summit.

Sessions included: 

 o  Safety and the Professional Services 

Organization

 o Safety Discussion Forum 

 o Silica and the Material Testing Laboratory 

 o  Changing Safety Culture: Our Journey at 

a Member-Firm 

 o Gold Shovel Standard 

Case Western Reserve 
University Gets New 
Geotechnical Research 
Laboratories
In October 2016, Case Western Reserve 

University (CWRU) formally dedicated the 

lifelong dream and legacy of Professor 

Adel S. (Tony) Saada. It now has a complete 

state-of-the-art geotechnical engineering 

laboratory. Following in his father’s footsteps, 

Saada’s son, Richard, an electrical engineer, 

funded the complimentary Richard A. Saada 

Intelligent Geosystems Lab.

Professor Saada arrived at CWRU in 

1962 after completing his PhD at Princeton 

University. He immediately began building 

and growing the Lab to meet his teaching 

and research needs. Growing the lab 

has supported Saada’s belief that while 

numerical modelling and simulations are 

great tools, geotechnical engineers need 

to get their “hands dirty.”

The Geotechnical Engineering Labor-

atories complex at CWRU now includes:

 o  The new Gerace Undergraduate 

Teaching Laboratory that has the most 

recent tools to characterize and classify 

soils, as well as determine their deforma-

tion, flow, and strength properties.

 o  The graduate Saada Family Research 

Laboratories, which includes four com-

plete units to simultaneously conduct 

four triaxial tests with its own stress- or 

strain-path and own data acquisition 

capability; an electro-pneumatic system 

to conduct cyclic triaxial loading tests; 

an electro-pneumatic system for static 

and dynamic axial and torsional loading 

on solid or hollow cylinders; special cells 

for axial and torsional testing of solid 

or hollow cylinders; and a fixed-free 

Drnevich resonant column device.

 o  The Richard A. Saada Intelligent 

Geosystems Laboratory, with equipment 

to study areas such as time domain 

reflectometry and guided electromag-

netic wave-based sensing, ultrasonic 

non-destructive systems, and sensor and 

electronic design.

CWRU geotechnical laboratories also 

have a geotechnical centrifuge with shake 

table. This 1-m radius, 20g-ton centrifuge 

is capable of a maximum acceleration (amax) 

of 200g for static tests, and an amax of 100g 

for dynamic tests with a 182 kg payload.  

 

ASCE Week features new seminars and popular courses.
■ Increased savings of up to $1,100... when you register by September 1, 2017. 
■ Earn up to 42 PDHs to meet your license renewal requirements. 
■ Network and take advantage of an Enhanced Private Tour of Hoover Dam. 

Earn 4 PDHs! 
■ Join us at the luxurious Green Valley Ranch Resort Spa & Casino.

ASCE Week
A Continuing Education Event

Las Vegas, NV / September 24–29, 2017 
Green Valley Ranch Resort & Casino

www.asce.org/asceweek
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Saada family at dedication of Saada Fam-

ily Geotechnical Research Labs, October 

2016. (l to r) daughter Christiane, Prof. 

Saada, son Richard.
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Develop G-I WEBINARS

Attend G-I WEBINARS

HTTP://WWW.ASCE.ORG/BECOME_AN_INSTRUCTOR/

HTTP://WWW.ASCE.ORG/CONTINUING-EDUCATION/LIVE-WEBINARS/

Build
recognition,
prestige,
and clients

Educate &
network
with many
geoprofessionals

Develop
a gateway to
short courses/
workshops,
conferences, 
and articles

Give back
to the profession

Webinars Provide You With a Means to:

Webinars are convenient, low-cost, 
and an effi cient training option. 
Login anywhere and interact with the instructor and other participants. Our 
webinars cover practical, targeted topics taught by experts in their fi eld. Gain 
knowledge and earn PDHs.

Please direct questions regarding development of webinars to programproposals@asce.org. 
For questions regarding attending webinars, please contact continuingeducation@asce.org.



86 GEOSTRATA MARCH/APRIL 2017

COREBITS CHAPTERS

Arizona Chapter 

Jake Andresen (r) receives the 2016 Arizona Geo-Institute 

Scholarship from Eddy Ramirez, vice-chair of the Arizona G-I 

Chapter, during the 2016 Southwest Geo-Hazard Symposium 

on November 14, 2016.

The Arizona Chapter held its first one-day conference, the 
2016 Southwest Geo-Hazard Symposium, on November 14, 
2016. The event was a success, with 61 registrants and six 
speakers presenting both technical and practical perspec-
tives. Vaughan Griffiths, PhD, D.GE, PE, F.ASCE, spoke about 
risk assessment in geotechnical engineering. Other topics 
included earth fissures in Arizona and the Arizona Geological 
Survey earth fissure mapping, new simplified methodology 
to design flexible debris flow barriers, recent developments 
in the evaluation of earthquake-induced soil liquefaction, 
new technologies for landslide mitigation and bridge 
abutment construction/rehabilitation, and land subsidence 
and earth fissure hazards. Attendees earned up to 6 PDHs. 
The 2016 Arizona Geo-Institute Scholarship was awarded to 
Jake Andresen, S.M.ASCE, who has demonstrated excellence 
in geoscience studies at Arizona State University.

Boston Chapter
On December 8, 2016, the Boston Chapter hosted Juan M. 
Pestana, ScD, PE, senior principal at Geosyntec Consultants, 
who presented “Saving Venice.” The city of Venice, Italy, has 
seen a significant increase in the frequency of flooding, with 
a record tidal level of nearly 2 m measured in November of 
1966. Since then, numerous engineering solutions have been 
proposed to protect Venice from flood waters, including 

the use of movable gates located at the three Lagoon inlets: 
the Lido, Malamocco, and Chioggia. For the design of these 
submersible mobile barriers, an extensive geotechnical study 
was undertaken to characterize the subsurface conditions. 
A key element in predicting performance for these “heavy” 
structural elements was estimating settlements and 
behavior of the soft foundation soils under normal operating 
conditions. Complicating the problem, the soils of the 
Venice Lagoon are characterized by very erratic depositional 
patterns, which results in an extremely heterogeneous stra-
tigraphy. The mineralogical composition of these soils, on 
the other hand, is quite uniform. The presentation focused 
on the methodology used to estimate the consolidation 
settlements of the highly heterogeneous, silty, sandy, clayey 
soils, accounting for the variability in the stratigraphic units. 
Pestana also described the project and addressed some of 
the implications of future sea level rise for coastal cities.

Colorado Chapter 

Rocky Mountain GeoConference steering committee.

Several of the presenters at the Rocky Mountain 

GeoConference. 
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On November 4, 2016, the Geo-Institute Chapter of the ASCE 
Colorado Section, in collaboration with the Rocky Mountain 
Section (now Mile High Chapter) of the Association of 
Environmental and Engineering Geologists and the Colorado 
Association of Geotechnical Engineers, held its 20th biennial 
Rocky Mountain GeoConference in Golden, CO. The daylong 
conference included 16 presentations on a wide variety of 
geo-topics ranging from geologic hazards, like debris flows 
and landslides, to dam evaluation and rehabilitation. Some 
presentations focused on new testing techniques, while 
others showed interesting case histories. All of the presen-
tations were published as papers by the ASCE Geo-Institute 
in Geotechnical Practice Publication No. 10. Between the 

presentations, authors and attendees were able to catch up 
with colleagues while enjoying the exhibitor booths. Costs 
were kept reasonable for the 226 attendees − especially 
students − thanks to the 36 sponsors and exhibitors. The 
steering committee thanks its members, authors, and spon-
sors for making this conference so successful and enjoyable. 
Planning will begin this fall for the next conference in 2018.

Twitter: @GeoInstitute
YouTube: GeoInstituteASCE 
LinkedIn: ASCE: Geotechnical Engineering

www.geoinstitute.org

Follow us on Social Media
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Florida West Coast Chapter 

Florida West Coast Wissa Lecture on November 14, 2016,  

at University of South Florida’s Marshall Center.

Curt Basnett, Florida West Coast G-I Chapter Chair (l), and 

speaker Dr. Richard Jardine, professor of geomechanics, Impe-

rial College London.

The Florida West Coast Geo-Institute Chapter hosted the 
5th Dr. Anwar Wissa Lecture on November 14, 2016. The 
Wissa Lecture series was created to honor the late Dr. Anwar 
Wissa, an internationally recognized expert in geotechnical 
engineering. Proceeds from this event support students 
interested in pursuing careers in geotechnical engineering 
and construction. Over 120 geo-professionals, faculty, and 
students attended. The evening opened with a welcome 
reception for networking and viewing student posters that 
presented current research projects underway within the 
University of South Florida’s (USF) Civil Engineering Depart-
ment. Ten student posters were showcased.

Following the reception and poster session, presentations 
included the following:

 o  Jeremy Hess, EI, A.M.ASCE, a student, discussed “In-Situ 
Testing of Polyurethane Injections to Determine their 
Effectiveness in Establishing Hydraulic Groundwater 
Control.” Hess is a recent USF graduate with an MSCE with a 
geotechnical focus.

 o  A “GRIP” (Geotechnical Research In Progress) presentation 
outlined ongoing geotechnical research funded by the 
Florida Department of Transportation at USF. Dr. Gray 
Mullins, PE, M.ASCE, summarized research involving soil 
mixing of organic soils, automated slurry testing of drilled 
shafts, and the use of post-tensioned concrete pile splice on 
pre-stressed concrete piles. 

 o  The highlight of the evening was the Wissa Lecture, 
presented by Dr. Richard Jardine, professor of geomechanics 
at Imperial College London. His 56th Rankine Lecture was 
entitled “Geotechnics and Energy.” This lecture had been 
given earlier in the year by Professor Jardine as part of a lec-
ture series organized by the British Geotechnical Association 
at the Imperial College. Special gratitude was expressed to 
Jardine for his willingness to give his presentation immedi-
ately after arriving from London. Special thanks goes to the 
West Coast Chapter Geo-Institute Leadership and Planning 
Committee for organizing this event over a relatively short 
period of four months. This includes Jessica McRory, PE, 
M.ASCE, Ross McGillivray, PE, M.ASCE, Alec McGillivray, 
A.M.ASCE, Mike Smith, PE, M.ASCE, Stephen Knauss, PE, 
D.GE, F.ASCE, Curt Basnett, PE, M.ASCE, Jeremy Hess, EI, 
A.M.ASCE, Manjriker Gunaratne, PhD, PE, M.ASCE, Gray 
Mullins, PE, M.ASCE, and Michael Stokes, PE.

Houston Chapter
The Houston Chapter is hosting Geo-Houston on March 
31, 2017, at Rice University. Geo-Houston will feature seven 
speakers from Houston and the surrounding areas regarding 
topics uniquely associated with Houston and focused on 
the conference theme of “Celebrating Houston.” For more 
information, please visit ascehouston.org/G_I.

COREBITS CHAPTERS
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Illinois Chapter
The Illinois Chapter will be hosting the Chicago 
Geotechnical Lecture Series on Friday, May 5, 2017, at the 
University of Illinois Chicago. The event will take place in 
the Student Center East Building at 750 South Halsted Street 
in Chicago. The theme for the series will be "Innovative 
Geotechnologies." The Geotechnical Lecture Series was 
started in 1963 and is now held biannually. It is a one-day 
event with six well-known speakers invited from around the 
country: Professor Richard Finno, PhD, PE, D.GE, M.ASCE, 
from Northwestern University, Pat Hannigan, PE, M.ASCE, 
from GRL Engineers, Inc., Robert C. Bachus, PhD, PE, D.GE, 
M.ASCE, from Geosyntec Consultants, Professor Michael 
Mooney, PE, M.ASCE, from the Colorado School of Mines, 
Professor Paul Mayne, PhD, PE, M.ASCE, from Georgia 
Tech, and David White, PhD, PE, M.ASCE, from Ingios 
Geotechnics, Inc. 

Those interested in attending can register at https://
www.123signup.com/register?id=ndynv. General registration 
is $250, with discounts for educators, government employees, 
and students. Questions can be directed to the organizing 
committee at asceilgeotech@gmail.com.

Oregon Chapter
The Oregon Chapter held a one-day short course on October 
21, 2016, at the Oregon Department of Transportation 
(ODOT) in downtown Portland. The short course 
topic “Deep Excavations” was presented by Dimitrios 
Konstantakos, PE, M.ASCE. Konstantakos has worked 
on many international projects for slope stability, pile 
foundations, and braced excavations, including the World 
Trade Center recovery efforts in 2001. The topics covered for 
the day included soil mechanics and sheet pile walls, braced 
excavation design, cofferdams, ASD and LRFD design, and 

www.pavementsconference.org

Mark Your Calendar and Join Your Colleagues

REGISTRATION NOW OPEN! 

GROUTING 2017
Grouting, Deep Mixing, and Diaphragm Walls

Honolulu, Oahu, Hawaii | July 9-12

The 5th International Grouting Conference will 
focus on the state of the art and practice in 
grouting, deep mixing, and diaphragm walls. 
Explore a full program featuring:
• 5 short courses
• 4 keynote plenaries
• 28 technical sessions spotlighting design, 

assessment, construction, innovation, verification, 
and QA/QC in the disciplines of grouting, deep 
mixing, and diaphragm walls

• Exhibit Hall showcasing nearly 40 providers of 
products and services you’ll find indispensable in 
your practice

• Social and networking opportunities, including 
a private traditional luau exclusively for our 
attendees

Sheraton Waikiki

www.groutingconference.org
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solved braced excavations case histories. The course was 
attended by 30 people, including 27 professionals from 
consulting, construction, and government agencies, and 
three students. The Oregon chapter sponsored two of the 
students to attend the course at a discounted rate and one 
student was sponsored free of charge.

St. Louis Chapter 

(l to r:) Siavash Zamiran, doctoral candidate and GeoConfluence 

Research Scholarship recipient; Pravin Jha, chairman of the 

GeoConfluence Research Scholarship Subcommittee; Kord 

Wissmann, past president of the Geo-Institute; and Sandeep 

Goud Burra, scholarship recipient. 

Research assistant Siavash Zamiran, A.M.ASCE, has been 
awarded the inaugural GeoConfluence Research Scholarship 
from the St. Louis Chapter of the Geo-Institute of ASCE. He 
was recognized during GeoConfluence, the association’s 
annual conference, on November 4, 2016, in St. Charles, 
MO. Zamiran is a doctoral candidate in the Southern Illinois 
University Carbondale School of Engineering’s Cooperative 
PhD Program in engineering science. Zamiran is also a 
geotechnical engineer with Marino Engineering Associates, 
Inc., based in St. Louis. The scholarship will support his 
dissertation research in seismic investigations of retaining 
wall structures.

The GeoConfluence Research Scholarship promotes 
research in the field of geotechnical/ geoenvironmental 
engineering, particularly that which will benefit the state of 
practice in the Midwest and can be implemented by regional 
engineers. The scholarship includes up to $3,000 to be used 
for specific educational tools and equipment, materials, and 
travel needed to fulfill a thesis/dissertation. As part of the 
award, Zamiran will present his research results at a future 
GeoConfluence conference.

Utah Chapter 

Stanley Klemetson (l), Past ASCE Utah Section president, pres-

ents Ryan Cole with the Utah Engineer of the Year award.

Ryan Cole, PhD, PE, M.ASCE, was named the ASCE Utah 
Section Engineer of the Year in May 2016. Cole's commit-
ment to the engineering discipline is exemplified in nearly 
two decades of service as a researcher, educator, practitioner, 
and industry leader. His impressive breadth of projects spans 
the North American continent, across all infrastructure cat-
egories, and demonstrates a firm commitment to technical 
excellence on the most challenging of projects. Even with the 
demands of founding and serving as president of Gerhart 
Cole, Inc., Cole finds time to work to raise the bar of practice 
and serve in the community. 

Dr. Cole has led the Utah Geo-Institute Group and 
Chapter as the chair since 2008. In this position, he has 
served in ASCE section leadership, planned events and 
trainings to improve the state of the practice, and promoted 
the value of civil/geotechnical engineering. The impact of 
these efforts can be seen in his recent contribution to the 

COREBITS CHAPTERS
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state-wide attention given to geotechnical assets, such as 
dams, canals, and levees, in the 2015 Utah ASCE report card.

Cole’s graduate research focused on improving the 
understanding of foundation performance under lateral/
seismic loads for the Utah Department of Transportation, 
FHWA, and Caltrans. This and other research efforts have 
been the subject of numerous studies and papers guiding 
professional practice in the Intermountain Region. He also 
served as a reviewer for ASCE’s Journal of Geotechnical 
and Geoenvironmental Engineering. After completing 
his graduate education, Cole continued to shape future 
generations of engineers by serving as an adjunct professor 
and guest lecturer for both Brigham Young University and 
the University of Utah for over nine years. This outreach and 
promotion of the engineering discipline continued through 

countless presentations at career days for local elementary, 
middle, and high schools. Additionally, he has provided 
the geotechnical section of the ASCE Professional Engineer 
review course biannually since 2006. 

georiskconference.org

SAVE THE DATE

6th International Symposium on Geotechnical Safety and Risk (ISGSR)

GEO-RISK 2017
Geotechnical Risk from Theory to Practice
Denver, Colorado | June 4-6

j   PLEASE SUBMIT G-I chapter and 

company news and career achievements 

to GEOSTRATA via geostrata@asce.org.
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GSI Fellowships for Graduate Students
 
The Geosynthetic Institute (GSI) is seeking requests-for-proposals (RFPs) focusing on innovative geosyn-
thetics research and development projects. Several $5,000 awards will be given. Emphasis will be placed 
on relevant topics of interest and/or concern to the geosynthetics community. The proposals must be 
submitted in the following four-page format: 

Page 1 – Letter of recommendation from student’s department head or advisor 

Page 2 – Title and detailed abstract of proposed project 

Page 3 – Student’s resume 

Page 4 – Relevancy of topic to the geosynthetics community 

RFPs for the 2017-2018 academic year are due by June 12, 2017, and should be emailed to Jamie 
Koerner, special projects manager, jrkoerner@verizon.net. Awards will be announced on, or before, 
August 4, 2017. For information on the Geosynthetic Institute and past recipients, visit geosynthetic- 
institute.org/gsifellows.htm.

SAVE THE DATE

Unsaturated Soil Mechanics for Sustainable Geotechnics

unsatsoilsconference.org

PanAm-UNSAT 2017
Second Pan American Conference 
on Unsaturated Soils
Dallas, Texas, USA | November 12–15, 2017

Pan-Am-UNSAT 2017 
will feature the latest 
research advances 
and engineering-
practice innovations 
with a focus on 
characterization, 
modeling, design, 
construction, and 
field performance.
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COREBITS 
EDUCATION 
and CAREERS 
ASCE/G-I Co-sponsored Online 
Live Webinars
All posted webinars offer professional develop-

ment hours (PDHs) as indicated.

j    Effect of Foundation Deformations on 
Bridge Structures — NEW (1.5 PDHs)
March 6, 2017 
11:30 a.m. – 1:00 p.m. (ET)

j    Underpinning and Strengthening of 
Foundations (1.5 PDHs) 
March 8, 2017 
11:30 a.m. – 1:00 p.m. (ET)

j    Recycled Materials in Transportation 
Geotechnical Applications — NEW  
(1.0 PDH) 
March 9, 2017 
12:00 PM - 1:00 PM ET

j    Innovative Foundation Design Methods 
for Structures on Expansive Soils — NEW 
(1.5 PDHs) 
March 15, 2017 
11:30 a.m. – 1:00 p.m. (ET)

j    Ethics: The Road All Engineers Must 
Follow (1.5 PDHs) 
March 16, 2017 
11:30 a.m. – 1:00 p.m. (ET)

j    Geosynthetic Reinforced Mechanically 
Stabilized Earth (MSE) Walls (1.5 PDHs) 
March 23, 2017 
11:30 a.m. – 1:00 p.m. (ET)

j    LRFD for Geotechnical Engineering 
Features: Micropile Foundations  
(1.5 PDHs) 
March 27, 2017 
11:30 a.m. – 1:00 p.m. (ET)

j    Practical Nonlinear Modeling and 
Analysis of Buildings including a Case 
Study — NEW (1.5 PDHs) 
March 31, 2017 
11:30 a.m. – 1:00 p.m. (ET)

ASCE/G-I Seminars
All posted seminars offer continuing education 

units (CEUs).

j    Soil and Rock Slope Stability (1.4 CEUs) 
March 2-3, 2017 
New Orleans, LA

j    Construction Dewatering and 
Groundwater Control - Design and 
Application (1.4 CEUs) 
March 23-24, 2017 
Nashville, TN

j    Instrumentation and Monitoring 
Bootcamp: Planning, Execution, and 
Measurement Uncertainty for Structural 
and Geotechnical Construction Projects 
(1.4 CEUs) 
March 27-28, 2017 
Orlando, FL

j    Application of Soil-Structure Interaction 
to Buildings and Bridges (1.4 CEUs) 
March 30-31, 2017 
Orlando, FL

j    Design of Foundations for Dynamic 
Loads (2.4 CEUs) 
April 25-28, 2017 
New Orleans, LA

j    Earth-Retaining Structures: Selection, 
Design, Construction, and Inspection − 
Now in an LRFD Design Platform  
(1.4 CEUs) 
May 18-19, 2017 
San Francisco Metro Area, CA

j    Earthquake-Induced Ground Motions 
(1.6 CEUs) 
May 25-26, 2017 
Orlando, FL

j    Seismic Hazard Evaluation and 
Mitigation Using Simple Methods  
(1.6 CEUs) 
May 25-26, 2017 
Kansas City, MO

On-Demand Learning
On-demand learning opportunities 
offer continuing education units (CEUs). 
Recorded from ASCE’s most popular live 
webinars or in-person seminars, these 
courses allow you to hear the instructor’s 
lecture, see the presentation, and listen in 
on questions from the audience. 

For more information about webinars, 
seminars, and on-demand learning, visit the 
ASCE Continuing Education website:  
asce.org/continuing_education.

Internships Available   
Are you looking for an internship? Explore 

the positions listed on the ASCE website 

to help you obtain the experience you 

need to further your career path. New 

opportunities are added all the time, so 

start your search today: careers.asce.org/

jobs?keywords=internship.

ASCE Press

Prepare yourself for the pitfalls and 
opportunities that arise during the process 
of contract claims and change orders with 
this handbook. The general guidelines 
and legal principles provided in this book 
were shaped by the outcome of federal 
and heavy construction cases. This book 
merges principles of construction law with 
practical advice to aid those involved in 
the construction claims process.

2016 | 512 pp. | List $100 / ASCE Member $75 
Hard Cover: 41429 | ISBN 978-0-7844-1429-3 
E-book: 47969 | ISBN 978-0-7844-7969-8

Construction Contract Claims, 
Changes, and Dispute Resolution
Third Edition
Edited by Paul Levin

New Book from ASCE Press

American Society of Civil Engineers 
1801 Alexander Bell Dr. Reston, Virginia 20191

1-800-548-ASCE | 703-295-6300 (Int’l)
www.asce.org/bookstore



DIPLOMATE, 
WATER RESOURCES ENGINEER

(D.WRE)

www.aawre.org

DIPLOMATE, 
(COASTAL, OCEAN, PORT & NAVIGATION) ENGINEER

(D.CE, D.OE, D.PE & D.NE)

www.acopne.org

DIPLOMATE, 
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(D.GE)

www.geoprofessionals.org

www.asce.org/certifi cation

IS YOUR PROJECT MANAGED BY
 A BOARD-CERTIFIED CIVIL ENGINEER?
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COMING IN MAY/JUNE 2017

CONNECT WITH US

www.asce.org/geo            twitter.com/GeoInstitute            facebook.com/GeoInstitute            LinkedInGeo           GeoInstituteASCE 

Mining 
Geotechnics

As I See It: Geomorphology 

for the Engineer of Record 

By Jack A. Caldwell

Tailings Impoundment 

Closure 

By Aaron J. Antell and  

Robert M. Shusko

Open Pit Geotechnics 

By Tom Byers and John F. Lupo 

Where Geosynthetics Meet 

Mining Geotechnics 

By John F. Lupo

Tailings Dam Engineer of 

Record (EoR) 

By Kimberly Finke Morrison and 

Christopher N. Hatton

Aggregate and Rock Mine 

Redevelopment 

By Haze M. Rodgers

Lessons Learned from 

GeoLegends: David E. Daniel 

By Joel Conzelmann, Aliena Debelak, 

Mohammad Gorakhki, and  

Cameron Fritz 

Geotechnical Frontiers

March 12-15, 2017

Orlando, FL

geotechnicalfrontiers.com

Geo-Risk 2017

June 4-7, 2017

Denver, CO

3rd North American 
Symposium on Landslides 
(NASL) 2017

June 4-8, 2017

Roanoke, VA

Grouting, Deep Mixing, and 
Diaphragm Walls 2017

July 9-12, 2017

Honolulu, Oahu, HI

GeoMEast 2017

July 15-19, 2017

Sharm El-Sheik, Egypt

geomeast2017.org

3rd International Conference 
on Performance-based 
Design in Earthquake 
Geotechnical Engineering 
(PBD-III)

July 16-19, 2017

Vancouver, BC, Canada

19th International 
Conference on Soil 
Mechanics and Geotechnical 
Engineering

September 17-22, 2017

Seoul, Korea

icsmge2017.org

PanAm-UNSAT 2017: Second 
Pan American Conference on 
Unsaturated Soils

November 12-15, 2017

Dallas, TX

2018

IFCEE 2018

March 5-10, 2018

Buena Vista, FL

Geotechnical Earthquake 
Engineering and Soil 
Dynamics V 2018

June 10-13, 2018

Austin, TX

5th GeoChina International 
Conference

Civil Infrastructures 
Confronting Severe Weather 
and Climate Change: From 
Failure to Sustainability

July 23-25, 2018

HangZhou, China

INDUSTRY CALENDAR

For more seminar information:  
asce.org/continuing-education/face-to-face-seminars



MARY C. NODINE, PE, M.ASCE, is a geotechnical poet, 

a member of GEOSTRATA’s Editorial Board, and a project 

engineer with GEI Consultants, Inc. in Woburn, MA. She can be 

reached at mnodine@geiconsultants.com.

GeoPoem By Mary C. Nodine, PE, M.ASCE

Rapid Drawdown
I sit at my computer, plugging steadily away
At a slope stability model of a dam – its core is clay.
I’m pondering a finer point,
Which engineers around this joint
Could certainly advise me on in their insightful way.

And yet – I hesitate this time. It’s not like me at all
To question whether I should rise and mosey down the hall.
But I fear my minor query
Will be major in a hurry,
For when it comes to rapid drawdown, no question can be small.

The last time I asked my boss about the shear strength for a case
Of slowly-draining sandy silt beneath the upstream face,
A geotech who was walking by
Popped in and said, “Your phi’s too high.
A bilinear envelope is what you need – be safe!”

Another engineer stopped in – she had supersonic hearing.
“I overheard you say ‘drawdown,’ and then I started fearing
That your soil is dilatant.
Mind you, don’t become complacent!
Check drained AND undrained strengths or consequences could be searing.”

Then my project manager chimed in with his three cents.
“When it comes to draining reservoirs, I’m frankly on the fence.
This three-step deal is radical.
But just not all that practical.
Put water high and shear strength low. Conservative makes sense.”

“For drawdown,” someone added, “R-envelope gets the crown.
For it relates the undrained strength to stresses in the ground.
The trouble is that ‘c’ and ‘phi’
Aren’t strength parameters, you see,
And plots are not Mohr’s Circles even though they’re just as round.”

“Did someone say ‘cohesion?!,’” cried another passer-by.
He stumbled in. “Young engineer, it’s nothing but a lie.
The drained strength failure envelope
Is curved! Erase that constant slope.
For phi will vary greatly where the stresses aren’t that high.”

By then my head was spinning, and I backed right out the door,
My tiny question having been replaced by forty more.
Now, I re-read these old course notes of mine
(The charm, they say, is the sixteenth time!)
And NEXT week, I’ve decided,
I will settle up the score.
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2017 ANNUAL SHORT COURSES

Underground Grouting  
and Ground Improvement

Tunneling Fundamentals, 
Practice and Innovations

May 1-5, 2017 September 18-21, 2017
This five-day course covers engineering, equipment, 
materials and methods for grouting and ground 
improvement in underground construction, tunneling 
and mining projects. Course highlights include 
classroom presentations by internationally-recognized 
experts, an off-campus field demo day and hands-
on labs testing different kinds of grout and grouting 
methods. Register today!

Colorado School of Mines has a long-standing tradition of hosting world-class short  
courses on our beautiful campus in scenic Golden, Colorado. Center for Underground 
Construction and Tunneling courses combine classroom instruction with hands-on labs  
and demonstrations, creating unique opportunities to learn, network and earn CEUs. 

Learn more and register online at underground.mines.edu.

Center for Underground Construction and Tunneling short courses are designed for industry 
professionals including owners, planners, designers, contractors, consultants and suppliers 
involved in the planning and construction of underground, tunneling and mining projects. 

This three-and-a-half-day course weaves discussion of 
emerging innovations in tunneling methods, materials 
and technology with instruction on key principles 
of design and construction in all ground types and 
across all excavation methods. In addition, experts 
from industry will discuss the latest advances being 
implemented on current tunnel projects worldwide.  
Find a full list of labs and demos online. 
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