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SAFL’s interdisciplinary 
approach to shoreline 
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As a semester full of milestones 
passes, this summer gives us 
pause to look back on major 
accomplishments and forward to 
continued progress. The inaugural 
visit last fall from SAFL’s External 
Academic Review Board culminated 
in a glowing assessment of the state 
of the laboratory and the enthusiastic 
endorsement of our strategic 
plan emphasizing new research 
initiatives in aquatic eco-system 
restoration, renewable energy, and 
biological fluid mechanics. Our international reputation was 
certainly evident in the widely-attended special symposium on 
fluid mechanics which marked our 70th anniversary this spring. 
We were pleased and honored that so many established experts in 
the field, as well as young alumni and students at the beginning 
of their careers, were able to join us for both the symposium and 
the reception celebration along the banks of the Mississippi. In 
fact, many who visited the lab were able to see the progress in 
our new Outdoor StreamLab, which experienced its first rush 
of water last month and is already booked through the summer 
with various research projects (see p. 3). An official ribbon-
cutting event is scheduled for later this Fall, so please watch 
for the announcement and plan to join us and many others who 
are excited about life-sized research in the heart of downtown 
Minneapolis!

Looking forward, we welcome two new staff members to SAFL’s 
administrative team: Dr. Pete Weiss, our new Associated Direc-
tor of Applied Research, and George Ogbonna, our new Assis-
tant to the Director. Many thanks to the previous holders of these 
two positions, Omid Mohseni and Sharon Bartlett, for their many 
years of dedicated service to the lab. We also look forward to the 
start of two recently funded major research initiatives in wind 
energy (sponsored by Xcel Energy and the University’s Initiative 
for Renewable Energy and the Environment) and cardiovascular 
fluid mechanics (sponsored by the National Institutes of Health). 
The former project is a collaborative effort between SAFL, Wind 
Logics Inc. and Barr Engineering. The NIH-sponsored work is 
in collaboration with colleagues from Georgia Tech. The feature 
article in this issue will bring you up to speed with the major re-
search advances Chris Paola, Vaughan Voller, and their research 
groups have made in shoreline migration and delta formation 
dynamics integrating novel experimental and computational 
techniques.  In addition, we have many more things to be proud 
of this semester and many exciting events and projects to look 
forward to in the coming months. We hope you will enjoy read-
ing about them in this issue!
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Outdoor StreamLab

It’s the largest challenge fac-
ing any scientist trying to un-
derstand the dynamics of the 
natural world: how to reconcile 
findings from controlled labo-
ratory experiments with data 
collected from the decidedly 
uncontrolled conditions of on-
site field research. 

Researchers will now be able to 
do just that when the Outdoor 
StreamLab goes into opera-
tion this summer. The Outdoor 
StreamLab is a joint initiative 
between SAFL and NCED.

StreamLab will join SAFL’s In-
door and Virtual StreamLabs 
where researchers use model 
stream flumes and high-pow-
ered computers to simulate 
conditions in natural river sys-
tems.

“It’s always been difficult to 
control the variables of on-site 
measurements,” said SAFL’s di-
rector Fotis Sotiropoulos. “This 
is what led to the Outdoor 
StreamLab’s creation. It al-
lows us to use full-scale models 

where we can control variables, 
like flow rate, sedimentation, 
flora and fauna. The new facil-
ity will make it possible to tack-
le a wide range of questions 
that relate to how ecosystems 
relate to flow dynamics.”

Tackling those questions grows 
more critical by the moment. 
More than half of the riv-
ers and streams in the United 
States have suffered degra-
dation because of erosion, ex-
cessive nutrients, and altered 
stream flow. As a result, stream 
restoration represents a $1 bil-
lion business each year. 

Despite that investment, ac-
cording to Sotiropoulos, “Ev-
erything done today in the field 
is ad hoc, not based on sound 
science. That means there are 
two kinds of stream restora-
tion projects: those that have 
failed; and those in the process 
of failing.”

The Outdoor StreamLab, which 
will allow researchers to con-
trol discharge, water velocity, 

bed and plain substrate, chan-
nel morphology, and flood-
plain vegetation, includes two 
structures: the 130-foot Ripar-
ian Basin, which will open first, 
and the 430-foot Riverine Cor-
ridor. 

According to Anne Lightbody, 
the Outdoor StreamLab’s di-
rector of research, several 
projects are already scheduled 
to begin this summer at the new 
facility. 

“The projects give you an idea 
of the range of work that can 
be undertaken at the lab,” 
she explains. “They cover the 
dynamics of streambed, sedi-
ment load criteria, the effects 
of vegetation on stream flow, 
groundwater, and more.”

However research is not the 
only benefit the outdoor lab 
will bring to the University. 
“The lab not only presents an 
opportunity to do great sci-
ence, but also tremendous out-
reach possibilities,” said Soti-
ropoulos. Situated opposite the 

Guthrie Theatre, the Outdoor 
StreamLab is located next 
door to Xcel’s Water Power 
Park, which opened last spring. 
SAFL plans to erect signage 
explaining the research proj-
ects underway at the lab and is 
already in discussions with the 
Science Museum of Minnesota 
about how the two institutions 
might collaborate on outreach 
and education.

“It is a unique facility unlike 
anything else in the world,” he 
said. “In addition to great sci-
ence and great outreach, it is 
going to add a lot of beauty 
to the riverfront.”

(Reprinted with permission from 
Spring/Summer 2008 “Invent-
ing Tomorrow.”)

Grand opening this fall!
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announcementshonors & awards  
Professor Efi Foufoula-Georgiou will be the first faculty member 
to hold the new Joseph T. and Rose S. Ling Chair in Environmental 
Engineering. As Chair, Foufoula-Georgiou will work to strength-
en interdisciplinary research at the University on understanding 
the vulnerability and resilience of environmental systems in the 
natural and engineered environment. Foufoula-Georgiou also re-
ceived the Hydrologic Science Award at the Fall 2007 American 
Geophysical Union Meeting in recognition for her outstanding 
work in the field of hydrology.   

Professors Fernando Porte-Agel and Fotis Sotiropoulos received 
a $1 million grant from the Xcel Energy Renewable Development 
Fund for the development of a virtual wind simulator for optimal 
design of wind energy projects. The goal of this project is to devel-
op a multi-scale computational fluid dynamics framework for ac-
curate high-resolution simulations of atmospheric turbulence and 
its interactions with wind turbines and wind energy parks. Wind-
Logics and Barr Engineering will be collaborating with SAFL on 
this project. 

Sotiropoulos also received a $300,000 collaborative grant from 
NSF aimed at developing an advanced physics-based numerical 
model of bridge foundation scour.  The goal of this project is to 
integrate SAFL’s high-resolution 3D hydrodynamic model with a 
novel physics-based bed-erosion and sediment transport model to 
predict scour at hydraulic structures.  A separate grant to Prof. Pan-
ayiotis Diplas at Virginia Tech will support a series of experiments 
for guiding the development and validation of the CFD model.

Fotis Sotiropoulos and his collaborators at Georgia Tech received 
a $1.8 million R01 grant from the National Heart, Lung, and Blood 
Institute (NHLBI) of the National Institutes of Health (NIH) to de-
velop image-based computational techniques for patient-specific 
optimization of prosthetic heart valves.  This research will inte-
grate the high-resolution fluid-structure interaction computational 
tools developed at SAFL with MRI data to simulate the hemody-
namics of prosthetic heart valves in patient-specific left-ventricle/
aorta anatomies.

Professor Chris Paola has been named an Institute of Technol-
ogy Distinguished Professor. The award honors exceptional fac-
ulty for their efforts in and contributions to teaching and scholarly 
research and for their commitment to the Institute of Technology 
and its activities. 

Professors Miki Hondzo, Michael Semmens, and former student 
Jeffrey Weiss were selected by the ASCE Environmental Water 
Resources Institute to receive the 2008 Samuel Arnold Greeley 
Award. This award is in recognition of their paper “Storm water 
detention ponds: Modeling heavy metal removal by plant species 
and sediments,” which appeared in the Sept. ‘06 ASCE Journal of 
Environmental Engineering. 

Adjunct Professor Gary Parker received the 2007 IAHR M. Se-
lim Yalin Lifetime Achievement Award in recognition of his work 
in sediment transport, river engineering, river morphodynamics, 
and submarine sedimentation processes. 

Edward Silberman, professor emeritus, received the Charles W. 
Britzius Distinguished Engineer Award, given by the Minnesota 
Federation of Engineering, Science and Technology Societies. 

Research Associate Anne Lightbody received one of six Con-
sortium of Universities for the Advancement of Hydrologic Sci-
ences, Inc. (CUAHSI) Early Career Fellowships. 

Graduate student Leonardo Chamorro was presented with this 
year’s Silberman Fellowship Award for his academic and research 
excellence. 

Graduate student Cristian Escauriaza has been named the 2008 
Anderson Award recipient. The Anderson Award is presented in 
the form of books relating to the recipient’s study interests.

Graduate students Chandana Gangodagamage and Omar Ab-
dul-Aziz have both been given Tsai Travel Awards for travel to 
conferences this spring. 

Graduate student Amy Hansen received the Louise T. Dosdall 
Fellowship for the 2008-2009 school year. The fellowship is a 
University-wide fellowship awarded to 1-2 women per year 
showing exceptional promise for a successful career in research 
in science or engineering related fields.

Graduate students Chandana Gangodagamage and Eric Novot-
ny both received 2008-2009 Doctoral Dissertation Fellowships. 
This is an all-University competition that gives outstanding final-
year Ph.D. candidates an opportunity to complete their disserta-
tion within the upcoming academic year.

Recent SAFL graduate Rob Stoll was awarded the Civil Engi-
neering Best Dissertation Award, an internal departmental award 
and a nomination for consideration of the graduate school’s Best 
Dissertation Award. Rob is currently an assistant professor in Me-
chanical Engineering at the University of Utah.

news
>> Jim Mullin and Chris Ellis’ paper entitled “Method to pro-
duce grain-scale digital images of large experimental sedimentary 
deposits and other imperfectly flat stratigraphy” was featured on 
the cover of the March/April 2008 Journal of Sedimentary Re-
search.
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Phairot Chatanantavet (PhD ‘07) with advisor 
Gary Parker

Maria Spitael (PhD ‘07) with advisor Miki 
Hondzo

Qin Qian (PhD ‘07) with advisors Heinz Stefan (right) 
and Vaughan Voller

Bereket Tewoldebrhan (MSCE ‘08) 
with advisor Kimberly Hill 

(not shown: advisor Lev Khazanovich)

Jiafeng Zhang (PhD ‘08), visiting UIUC 
grad student, with advisor Kimberly Hill

congrats grads

Filiz Dadaser Celik (PhD ‘08) with advisors Heinz Ste-
fan (right) and Patrick Brezonik of Water Resources

Omar Abdul-Aziz (PhD) with advisors John Gulliver 
and Bruce Wilson
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clients and large staff of different personalities, along with 
multiple tasks and deadlines.

Can you tell us about the projects you are currently working 
on at URS?
One of the projects we are undertaking for the Interstate Natural 
Gas Association of America (INGAA) Foundation, of which 
I am the Chairman this year, is to articulate the advantages 
of natural gas to the public and law makers. Natural gas is 
the most environmentally friendly energy source with the least 
impact for greenhouse gas and global warming.

Another project we are working on is for Tata Steel in 
Jamshedpur, India. Due to the worldwide high demand for 
steel, Tata Steel is planning to double their plant capacity from 
5 million tons per year to 10 million tons per year. We are 
working on the expansion of the iron ore mine for the plant. It 
is a very challenging project with multiple issues involved: land 
use, ore quality, ore processing, transportation, environmental 
impacts, etc.

What role do you see the oil and gas industry playing in the 
push for a cleaner planet? 
I have been very encouraged and pleased to see the efforts 
being made by the oil and gas industry for a cleaner planet. I 
have seen a number of major oil and gas companies investing in 
research on greenhouse gas and global warming and spending 
money on implementation of available technologies. Obviously 

How did you get from the St. Anthony Falls Laboratory to 
where you are today? What inspired you to choose this 
particular career path? 
When I came to the St. Anthony Falls Laboratory in 1974, I had 
about five years of experience in the design and construction 
of water resources structures. My training and experience at 
SAFL further strengthened my technical skills, and the focus on 
applied research helped to strengthen my interest in engineering 
applications. An additional interest in consulting, engineering, 
and construction projects, and my passion for management and 
leadership, inspired me to choose my current career path. I also 
had tremendous support and encouragement from all my friends 
at St. Anthony Falls Lab.

What was your biggest challenge and/or triumph as a 
graduate student here? 
My biggest challenge was to collect good field data and 
verifiable experimental data. When you do research on 
sediment transport and river engineering at the laboratory, you 
are trying to understand the complex interactions of nature. One 
has to be patient and repeat the experiments many times in 
order to obtain good data. My biggest triumph was when I was 
awarded the first Alvin Anderson Award, as Professor Anderson 
was instrumental in my coming to SAFL.

What do you think is the most important trait for a successful 
career in industry? 
The most important trait is the willingness and ability to handle 

SAFL graduation year: 1979 
Degrees: PhD (Civil Engineering, SAFL/UMN)
Advisor: Heinz Stefan 
PhD Thesis title: “Mathematical Model for 
Temperature and Turbidity Stratification 
Dynamics in Shallow Reservoirs”

Dhamo S. Dhamotharan is currently Executive Vice President 
of URS Corporation, ranked by Engineering News Record 
as the largest engineering and design firm in the world. 
He was awarded an Outstanding Achievement Award in 
2005 by the University of Minnesota, the 1985 AWRA 
Service Award, and the 1976 Alvin G. Anderson Award. He 
serves on the External Academic Review Board for SAFL, 
the Dean’s Advisory Board for the Institute of Technology, 
and until recently, on the External Advisory Board for the 
National Center for Earth-surface Dynamics.

Alumni Spotlight: 
Dhamo S. Dhamotharan
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there is more to be done. These efforts will be most effective 
when they are done on a collective basis and on a global level.

How do you feel the field of fluid mechanics has changed in 
your lifetime? 
The progress fluid mechanics has made in the airline industry and 
in the medical field is absolutely great.

What do you find most rewarding about your career? 
Obviously the primary reward is seeing that the client is happy 
and satisfied with our project. More than 80% of our projects 
are from clients with whom we have partnerships or alliances 
(meaning repeat clients).

An equally important aspect is recruiting good employees and 
seeing them grow successfully in the organization. Our company 
is an international, multi-disciplined, turnkey service, therefore the 
successful growth of the company is to a large extent dependent 
upon the strategic plan developed by our leadership team. When 
you are part of its successful planning and implementation, it is 
very rewarding.

How are your business decisions influenced by your vast 
involvement with civic and community organizations, or vice 
versa? 
In my opinion all businesses need to have the attitude of giving 
back to the community. With over 300 offices, each one of our 
offices has some active programs which are based on the needs 
of the local area. Our clients also think similarly. 

If you could lead your ideal project, or design your ideal 
experiment, what would it be? 
My two ideal projects would be: An integrated program for 
coastal erosion in Louisiana, and a master plan to interlink the 
rivers in India - north to south so that water shortages are avoided 
throughout the country.

Do you have any words of advice for current or future 
students? 
Technical competency and skills are a must, and they are assumed 
when one is recruited. My advice would be to develop strength 
in the technical areas, and have a good understanding of project 
management (budget, schedule, etc.). Clients expect each project 
to be run as a business.

Additionally I would strongly encourage our students to take an 
interest in leadership. Engineers and scientists need to be on the 
frontline for sustained economic growth.

Thank you donors!Alumni Spotlight: 
Dhamo S. Dhamotharan

Mrs. Geneva N. Anderson
Prof. Roger E. A. & Jane E. 
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Barr Engineering Co.
Mr. Curtis W. Bauers
Ms. Marian D. Bowser
Mr. George Bugliarello
CH2M Hill Foundation
Mr. Ronald E. Carlson
Sam & Suzanne Chanen
Chevron Energy Technology 
Co.
Dick Yufu & Suzan Chou
ConocoPhillips Co.
Kenneth & Margaret Co-
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Chengwei Ding
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Drs. John M. & Mary B. 
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North Mem. Health Care 
Mr. James R. Langseth
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Bradley & Joyce Northcutt
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SAFL gratefully acknowledges the following individuals, 
who have generously provided support during this past 
calendar year.

If you would like to discuss designating a gift for any 
purpose, please contact Sally Euson at (612) 625-6035 or 
email euson@umn.edu.
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Thinking Inside the Box
SAFL’s interdisciplinary 
approach to shoreline 
migration research

IF THERE IS A MAGIC NUMBER for research at 
SAFL, it would be three. The trifecta of geophysical 
research approaches: Outdoor StreamLab (see p. 3), 
Indoor StreamLab, and Virtual StreamLab, allow 
our scientists to study all aspects of a geophysical 
research topic— from life-sized field data, to 
scaled physical models, to computational models 
that can calculate the critical variables. It is these 
computational models that Professor Vaughan 
Voller uses to shrink time and space, overcoming the 
constraints of the real world and complimenting the 
strengths of physical models in order to understand, 
predict, and manage the effects of human activities 
on the Earth’s surface.

Although Voller has published on topics as wide-
ranging as dentistry and metallurgy, the numerical 
modeling he specializes in is uniquely applicable 
to the questions of shoreline migration studied by 
other scientists at SAFL and NCED. Collaborations 
with NCED researchers and Director Chris Paola, 
and SAFL engineers Chris Ellis and Jim Mullin, 
have led to unprecedented progress on the issues of 
delta restoration. 

Delta Blues
In the wake of Hurricane Katrina, engineers, 
scientists, city planners, and politicians have 
struggled to address not only the problems of 
restoration, but also of prevention. The Louisiana 
shoreline’s devastation along the Mississippi 
River Delta brought to light the importance of 
a healthy and self-sustaining deltaic system to 
the communities and industries that populate it. 
Altogether, the Delta has lost about one-third of its 
historic surface area, drastically reducing the coastal 
wetland buffer against storm damage. Now, three 
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Thinking Inside the Box
SAFL’s interdisciplinary 
approach to shoreline 
migration research

IF THERE IS A MAGIC NUMBER for research at 
SAFL, it would be three. The trifecta of geophysical 
research approaches: Outdoor StreamLab (see p. 3), 
Indoor StreamLab, and Virtual StreamLab, allow 
our scientists to study all aspects of a geophysical 
research topic— from life-sized field data, to 
scaled physical models, to computational models 
that can calculate the critical variables. It is these 
computational models that Professor Vaughan 
Voller uses to shrink time and space, overcoming the 
constraints of the real world and complimenting the 
strengths of physical models in order to understand, 
predict, and manage the effects of human activities 
on the Earth’s surface.

Although Voller has published on topics as wide-
ranging as dentistry and metallurgy, the numerical 
modeling he specializes in is uniquely applicable 
to the questions of shoreline migration studied by 
other scientists at SAFL and NCED. Collaborations 
with NCED researchers and Director Chris Paola, 
and SAFL engineers Chris Ellis and Jim Mullin, 
have led to unprecedented progress on the issues of 
delta restoration. 

Delta Blues
In the wake of Hurricane Katrina, engineers, 
scientists, city planners, and politicians have 
struggled to address not only the problems of 
restoration, but also of prevention. The Louisiana 
shoreline’s devastation along the Mississippi 
River Delta brought to light the importance of 
a healthy and self-sustaining deltaic system to 
the communities and industries that populate it. 
Altogether, the Delta has lost about one-third of its 
historic surface area, drastically reducing the coastal 
wetland buffer against storm damage. Now, three 

years after Hurrican Katrina, ecosystem engineers 
are studying natural prototypes (see “Wax Lake 
Delta” p. 14) for engineered diversions to restore 
the delta south of New Orleans, but face numerous 
challenges that cannot be addressed due to the 
extremely slow evolution of a real-life delta. 

Thinking Inside the Box
For those answers, they turn to scaled geophysical 
models such as SAFL’s Delta Basin and 
Experimental Earthscape Facility (the “Jurassic 
Tank”), which provide the ability to “shrink time,” 
allowing researchers like Chris Paola and his 
team to conduct multiple experiments over the 
course of a year. In particular, Paola has used the 
Indoor StreamLab at SAFL to model how stream 
channels are formed in deltas and how plant life 
affects the kind of flooding that deposits sediment 
at the mouth of river systems. By taking vertical 
slices of the stratigraphy modeled in these basins, 
then transferring them onto sheets of polymer or 
scanning them with new SAFL instrumentation (see 
insert), strata sections like these can be more closely 
examined. These experiments provide insight into 
channel formation and stratigraphic structure, and 
how natural deltas sustain land in the face of sea 
level rise, but are limited to the restricted scale of 
the model itself. SAFL’s new Outdoor StreamLab 
will facilitate this ongoing research by making 
it possible to study the interaction of plants and 
stream morphology on a larger scale. “The Outdoor 
StreamLab will enable us to do experiments with a 
larger variety of plants, more realistic ecosystems, 
and a more realistic ratio between the size of plants 
and the size of stream,” Paola explains. However, 
experiments are still restricted by the endless 
variables of an ecosystem-based research project.

ABOVE 
A delta model 

formed in SAFL’s 
Delta Basin 

facility

LEFT
Distinguished 

Professor Chris 
Paola examines 
a stratigraphic 

peel taken from 
a delta model

Maia Homstad
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Thinking Outside the Box
For all they provide, these constrained physical 
experiments require complementary numerical 
models that provide a means to manipulate scales, 
re-sizing them to fit real-life delta dimensions, and 
include natural processes which cannot be scaled 
down. Numerical (or computational) models 
also provide the means for prediction, allowing 
researchers to add complexity and to manipulate 
variables, such as storm events, and channel and 
shoreline dynamics. “Well constructed computer 
models provide a means of understanding a systems 
response (e.g., new land building) to a change in the 
inputs (e.g., sediment loads).  The key advantage is 
that unlike the real system, where the space and time 
scales involved could be on the order of hundreds 
of kilometers and years, the computer model can 
do its ‘magic’ on a desk top in a single afternoon” 
said Voller. However, there are no obvious 
equations with a geological system like a delta. 
Therefore numerical models are dependent upon 
geophysical models for addressing questions about 
which processes are important to understanding the 
complexity of a delta, such as varying sediment 
transport types, self-forming channels, intermittent 
floods versus continuous flows, and feedbacks 
between vegetation and geophysical flows. 

Voller’s central research interest is in developing 
numerical methods for solving moving boundary 
problems. Tracking the water/ice front during 
the melting of a glacier (The Stefan Problem) 
represents a classic example of a moving boundary 
problem. Moving boundaries, however, are found 
in many engineering and scientific disciplines, and 
Voller’s research includes the tracking of sediment 
shorelines. To tackle these problems Voller’s group 
has developed techniques that cut across available 
state-of-the-art numerical methods. While melting 

front problems have a long history and well-
developed numerical techniques, it is via the 
shoreline/melting-front analogy that Voller brings 
these tools to bear on delta restoration. Through 
collaborations with other SAFL and NCED 
scientists, Voller has validated, via experiments, 
a shoreline tracking model  has also verified a 
numerical method based on heat transfer concepts. 
Using these models, the group seeks to answer 
questions such as: How does offshore topography 
(bathymetry) affect shoreline development? This 
problem can be described via an analogy to the 
melting Stefan Problem, and the advance of a 
“cliff-faced” shoreline can be described via a single 
domain enthalpy model. This allows for simulations 
of how sea-level change and subsidence could 
affect the motion of shorelines. Demonstrating 
the commonality between solidification of metals 
and ocean basin formation, Voller’s group seeks 
to address the moving boundary of a shoreline by 
examining the evolution of a sediment-basement 
interface, which can be compared to the melting 
behavior of a metal alloy. However, the validation 
of his work on shoreline boundary conditions 
conversely relies on the experimental work that 
takes place in the Experimental Earthscape Basin. 

Working together, Voller and Paola strive to 
address two applications: that of shoreline 
building, an important aspect of delta restoration 
in protecting inshore land from future hurricanes, 
tsunamis, and floods; and over a longer period, a 
phenomena called “lobe switching,” in which the 
alternating growth of the lobes of a delta develop 
a dual layer of confined reservoirs of oil and gas. 
It is creating this predictable stratigraphy that will 
assist in locating future energy reserves. And it is 
with a unique collaboration with the oil industry 
that NCED researchers are able to obtain the 
shallow subsurface data that can help our scientists 
reconstruct the more recent stratigraphy necessary 
to understanding the delta land-building process. 
Historically, the channelization of the Mississippi 
has prevented this lobe switching, starving the delta 
of sediment and leading to wetland loss. Engineered 
diversions would allow sediment to escape and 
build land, returning it to a self-sustaining system. 

“Our aim is to create a more compact but vital 
Delta that can sustain itself, provide recreation 
and support for the fishing industry, and that can 
take the brunt of Gulf storms and protect cities and 
towns in the region,” Paola said. 

ABOVE
Physical model of a 
delta being formed 
in the Experimental 
Earthscape Basin 
(aka Jurassic Tank)

1 m

DB07 Experiment (Martin et al., in prep)

~ 75 hrs

1 m1 m

DB07 Experiment (Martin et al., in prep)

~ 75 hrs
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Method to produce grain-scale digital images 
of large experimental sedimentary deposits and 
other imperfectly flat stratigraphy
(See the March/April issue of the Journal of Sedimentary Research 
for the full article by Mullin and Ellis.)

SAFL engineer Jim Mullin and research associate Chris Ellis have 
developed a novel system for creating high-resolution digital 
scans of imperfectly flat surfaces of arbitrary size. The system 
was developed to image experimental stratigraphic sections but 
could also be adapted to imaging small outcrops, cut sections or 
slabbed cores. At the heart of the scanner is a telecentric lens 
system which maintains constant image size even as distance to 
the subject changes. This lens is used to collect thousands of small 
overlapping digital images which, after being corrected for light-
ing and lens distortions, are then assembled into a single continu-
ous image that contains no trace of the original image boundaries. 
The telecentric lens allows imaging surfaces that are only approxi-
mately flat, e.g. ones with marks and divots created by cutting 
tools. Arbitrarily large, essentially perfect digital images whose 
resolution can be made arbitrarily fine by adjusting lens magnifi-
cation and image frame size are produced by this system. The size 
of the composite image is limited only by available computer file 
system and the size of the camera positioning system.

More information including CAD drawings and source code is 
available to researchers by contacting Jim Mullin (mulli017@umn.
edu) or Chris Ellis (ellis005@tc.umn.edu).

Said Voller, “To understand how a river will respond we have 
to be able to grasp the space and time scales of a river system. 
A human lifetime is a blink of an eye to a river, and a forced 
condition at one point is like a pin prick to the river system as 
whole. In other words, in order to bring a lasting change to a 
river system we need to know how the large/long scales work, 
for example, changes in climate and tectonic movements of 
the Earth’s crust.

“The bottom line — unless an imposed change is harmonious 
with the natural behavior of the river system, the change will 
only be temporary, but temporary could be a long time.” 

FOR MORE INFORMATION see www.safl.umn.edu 
and www.nced.umn.edu.

ABOVE
Channel resolving simulation of a delta
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The Project
THE LATEST ENDEAVOR OF SAFL’S APPLIED RE-
SEARCH GROUP, A PHYSICAL MODEL STUDY OF 
THE POTOMAC RIVER’S WATER INTAKE STRUCTURE, 
HAS BEEN DESIGNED TO TEST IMPROVEMENTS IN 
WATER QUALITY BY MINIMIZING THE AMOUNT OF 
SEDIMENT WITHDRAWAL. 

History
Fairfax Water constructed an off-shore intake on 
the Potomac River in 2004 to withdraw water with 
a better quality under flow conditions less than 
20,000 cfs in the river. The intake started operat-
ing in late 2004. During the two year period of op-
eration, the intake withdrew a significant amount 
of sand during flow conditions near 20,000 cfs. To 
study the causes of sand withdrawal by the intake 
and then to provide design modifications to mini-
mize the sand withdrawal, a physical model study 
was conducted at the St. Anthony Falls Laboratory. 
The model was built at a scale of 1:10 simulating 
390×180 feet of the river with the intake and its 
sand barrier. 

Objectives
A 1:10 scaled model of the intake was built on 
the second floor of SAFL to study the causes of 
sand withdrawal, to modify the structure, and to 
minimize the amount of sand withdrawal.

Testing
Initially, a series of tests was conducted in a 20-
inch flume to develop the bed forms. Then, more 
than 15 tests were conducted in the model basin 
to develop the bed forms (dunes) observed in the 
field under 22,000 cfs flow conditions. The scaled 
model represented a 180×390 ft. stretch of the Po-
tomac River (1,780 ft. wide at that location), with 
a head tank, a rock crib wall to uniformly distrib-
ute the flow, a leafdrop gate at the downstream 
end of the model to set the tailwater level, the 
intake, the sand barrier, the rectangular vertical 
shaft of the intake, and a settling tank on the first 
floor of SAFL. The model basin was filled with 
sand and silt to simulate sediment transport along 
the model basin. Froude similarity was used to 
scale most of the model parameters. However, in 
order to create the bed forms in the model basin, 

Research Spotlight
The Potomac Project
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Research Spotlight

the water depth was set lower than the 1:10 scale of 
the river; the prototype average depth under 22,000 
cfs was 6.73 ft., and the model average flow depth 
was set equal to 0.44 ft. instead of 0.67 ft.

The physical model study showed that sand was with-
drawn into the intake through two processes: (1) the 
deposition of bed materials at the downstream end 
of the sand barrier would allow the dunes to move 
over the sand barrier and enter the intake from the 
downstream end, and (2) the scouring at the upstream 
end caused by vortices would bring the larger parti-
cles into re-suspension which would ultimately move 
over the sand barrier and enter the intake.

Summary
A total of ten geometries and modifications to the 
intake were studied and tested. A total of 65 tests 
were conducted. An automatic sampler with a multi-
port intake was installed in the intake effluent pipe 
to measure the concentration of finer particles. Af-
ter comparing all ten geometries with the existing 
(original) geometry, the most effective one was iden-
tified, which was comprised of two wingwalls at the 
downstream end of the sand barrier, a nose wall at the 
upstream end and a crown over the entire structure. 
The results of the tests conducted on this geometry 
suggest that the prototype bedload withdrawal should 
decrease by more than 60%. The deposition problem 
was solved very effectively, but scouring around the 
upstream end of the structure did not disappear com-
pletely.

“Initially, we thought it was possible to reduce the 
bedload withdrawal further by extending the crown 
in the sixth geometry farther outward with a gentle 
slope towards the river, but this proved not to be 

The Potomac Project

true,” stated Omid Mohseni, who will be shifting from 
his position as Associate Director of Applied Research at 
SAFL to that of consultant when he begins a new posi-
tion at Barr Engineering this summer.

Project engineer Matt Lueker and graduate student Adam 
Howard continued to address the further reduction of 
bedload withdrawal by measuring velocity, estimating 
vorticity and turbulence intensity around the structure, 
and altering and testing variations in the geometry to im-
prove overall effectiveness. However, based on the re-
sults obtained, it’s very likely that a 60% reduction in 
bedload withdrawal is the maximum improvement pos-
sible with this type of intake structure for the Potomac 
River at this location.

For more information about other engineering services at 
SAFL, please visit our website at www.safl.umn.edu.

Omid Mohseni, Matt Lueker, and 
Adam Howard

MAIA HOMSTAD contributed to this article

ABOVE: ORIGINAL GEOMETRY WITH A HEXAGON 
INTAKE AND NONAGON SAND BARRIER

ABOVE: FINAL GEOMETRY WITH A BROKEN NOSE WALL, WING 
WALLS, AND CROWN AROUND THE ENTIRE STRUCTURE 
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ABOVE
The Wax Lake 

Delta, typical of 
other Mississippi 

sub-deltas, has a 
natural anastomosing 
channel pattern. The 
Wax Lake Delta has 
grown naturally with 
little anthropogenic 

influence from 
dredging. The 

Atchafalaya Delta, 
located adjacent to 

the Wax Lake Delta, 
has a limited delta 
growth pattern due 
to regular dredging 
of the main channel. 

The artificial 
channelization 

due to dredging 
likely simulated a 

reversion stage by 
concentrating flow 

into fewer channels.

arated by vegetated islands/bars, continue to evolve 
as the delta progrades seaward.

WLD is an excellent place to establish a subaqueous 
and subaerial topographic template for delta land-
growth prediction: This delta has been allowed to 
evolve with very little human interaction. The fol-
lowing simple condition describes land building: 
sedimentation > subsidence + sea-level rise. Or, 
specifically, land building is determined by a bal-
ance between (1) sea-level rise and subsidence and 
(2) deposition of sediment and organic matter.

During May 2007, NCED launched the first field 
campaign to the Wax Lake Delta to collect high 
resolution bathymetric and topographic data along 
with water discharge measurements, channel bed 
material samples, and island sediment cores. 

Good topographic and bathymetric data represent 
one of the components required to establish a tem-
plate for land growth. Researchers on the 22-ft 
research vessel Itasca, using a swath bathymetry 
profiler with dual differential global positioning 
system (GPS) antennas, collected water discharge 
measurements and channel bathymetry data. Re-
searchers also measured island topography in tran-
sects using a point gage approach, collected channel 
bottom material using a grab sampler, and extracted 
island sediment samples using a push core method.

Future plans include coupling the sediment samples 
collected this spring to the Digital Elevation Model 
for WLD to establish the connection between island 
growth and the composition of surface deposits.

For more information, visit www.nced.umn.edu.

Reprinted with permission from NCED.

Mississippi River delta land is disappearing. Its 
sediment—the sediment that would replenish the 
subsiding delta—is instead channeled by dikes 
straight out to the Gulf of Mexico. By studying the 
sedimentary deposits beneath the present delta sur-
face, which serve as a record of how deltas maintain 
themselves under natural conditions, researchers 
can learn more about the natural delta land-build-
ing process: This process occurs over a range of 
space and time scales.

The goal of NCED’s Subsurface Architecture (SA) 
Integrated Project (IP) is to learn how natural, self-
maintaining deltas worked in the past and then to 
harness those processes to help restore the Missis-
sippi River Delta today. NCED’s delta land-build-
ing field site, the Wax Lake Delta (WLD), will sig-
nificantly contribute to our understanding of natural 
delta systems.

The SA IP, over the next four years, is working 
towards the following goals: (1) a successfully 
predicted evolution of a major subdelta, including 
delta land-building (sedimentation + subsidence) 
and ecosystem, and (2) costs and benefits analysis 
of delta land-building scenarios.
 
Wax Lake Delta is situated at the downstream end 
of the Wax Lake Outlet, a manmade channel that 
diverts water and sediment from the lower Atchafa-
laya River, roughly 20 km upstream from Morgan 
City, LA. The Atchafalaya River receives ~30% of 
the sediment of the Mississippi River, and WLD re-
ceives about 50% of the Atchafalaya River’s sedi-
ment. WLD, a subaerial delta, has been building 
out into Atchafalaya Bay since roughly 1973, with 
a delta-front advance rate of about 0.27 km/yr. As 
the WLD grows, so has the development of a dis-
tributary network of channels. These channels, sep-

Field work at 
Wax Lake Delta: 
An engineering 
prototype

AERIAL VIEW OF WAX LAKE DELTA (compare to simulation graphic on p.11)
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Happy 70th Anniversary SAFL!



�6 SAFL Channel Spring 2008

St. Anthony Falls Laboratory
University of Minnesota
2 Third Avenue Southeast
Minneapolis, MN 55414
www.safl.umn.edu

Mississippi River Delta
Turbid waters spill out into the Gulf of Mexico where 
their suspended sediment is deposited to form the 
Mississippi River Delta. Like the webbing on a duck’s 
foot, marshes and mudflats prevail between the 
shipping channels that have been cut into the delta. 
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