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TO BE UPDATED

P R E S I D E N T ’ S  P A G E

BY STEPHEN R. KELLOGG, P.E., BCEE

MOVING FORWARD

Your Board of Trustees and Academy Committees are working hard  
on a five-year Strategic Plan for the AAEE

YOUR ACADEMY IS HEALTHY AND 
WELL.  However, its health will be 
short-lived without substantive change in 
2007 and beyond.  The Academy has a 
rich and storied history.  As the founders 
endeavored to take environmental engi-
neering to a new level in 1955, today’s 
AAEE must strive through change to 
achieve its own new level of visibility and 
activity.  Resources – volunteer, staff, and 
financial - will be required to overhaul 
and upgrade the existing information 
systems and communication processes.  
This upgrade began in earnest in 2006, 
but much more needs to be done and it 
will require time, expertise and financial 
support.  Outstanding work is being 
accomplished in the Excellence in En-
vironmental Engineering Competition, 
ABET accreditation of environmental 
engineering programs, Kappe Lecture 
Series, Publications, and the new AAEE 
CareerCenter, but for these fine activities 
to grow, and touch more and more of 
our colleagues in the field, the Academy 
needs a plan.

Your Board of Trustees and Acad-
emy Committees are working hard on a 
five-year Strategic Plan for the AAEE.  It 
is nearly complete and will be presented 
for approval at the May Board of Trust-
ees meeting.  The e-survey you received 
in January was part of the plan formu-
lation process as it sought to measure 

member’s reactions and preferences to 
many of the key initiatives in the plan.  I 
thank each of you who took the time to 
contribute to our direction.  If we don’t 
know exactly where we want to go, we’ll 
certainly never get there.  The Strate-
gic Plan features include an aggressive 
program to double membership, upgrade 
AAEE tools and systems, reach out to 
student members, and invite the many 
highly qualified but non-registered Envi-
ronmental Engineers to become AAEE 
members.

I will be launching a campaign in 
2007 designed to provide the financial 
resources to implement the Strategic 
Plan’s key objectives.  As a start to this 
effort your Academy’s Board of Trustee 
members have committed to pledge 
$1,000 each to the Academy payable 
over three years.  While this may seem 
like a modest amount for funding such 
a huge initiative, I believe that opening 
this opportunity up to the full member-
ship will achieve the desired objective of 
funding our growth and highest strategic 
priorities over the next five years.

I am deeply committed to doing 
all that I can to work with the AAEE 
leaders past and present, members and 
staff to provide AAEE with a vision and 
a plan to achieve our goals in 2007 and 
the ensuing years.  All successful and 

vibrant organizations rely on committing 
the resources necessary to ensure growth.  
Our profession is at a crossroads, and 
now is clearly the time for the American 
Academy of Environmental Engineers to 
take the leadership role for guiding and 
growing the Environmental Engineering 
profession.    
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AAEE LAUNCHES NEW ONLINE JOB SERVICE
The Academy launched its interactive job board in September 2006, the AAEE Career Cen-
ter. With its focus on companies and professionals in the field of environmental engineering, 
the AAEE Career Center offers its members—and the industry at large—an easy-to-use and 
highly targeted resource for online employment connections.  

 “We’re very excited about the AAEE Career Center, because we know how critical it 
is for employers in environmental engineering to attract first-rate talent with a minimum ex-
penditure of time and resources,” said Alan H. Vicory, AAEE President.  “And it’s important 
for us to help enable smooth career transitions for those seeking industry jobs.”

 Both members and non-members can use the AAEE Career Center to reach qualified 
candidates.  Employers can post jobs online, search for qualified candidates based on specific 
job criteria, and create an online resume agent to e-mail qualified candidates daily.  They 
also benefit from online reporting that provides job activity statistics.

For employers, the AAEE Career Center helps streamline your hiring process with:
• Unmatched exposure for job listings – the AAEE represents a highly qualified audi-

ence of environmental engineering professionals. 
• Easy online job management – You can enter job descriptions, check the status of 

postings, renew or discontinue postings, and even make payments online.
• Resume searching access – With a paid job listing, you can search the resume data-

base and use an automatic notification system to receive e-mail notifications when 
new resumes match your criteria.

• Company awareness – Along with each job posting, you can include information 
about your individual company and a link to your web site.

For job seekers, the AAEE Career Center is a member service that provides access to 
employers and jobs in the field of environmental engineering.  In addition to posting their re-
sumes, job seekers can browse and view available jobs based on their criteria and save those 
jobs for later review if they choose.  Job seekers can also create a search agent to provide 
email notifications of jobs that match their criteria.

For job seekers, the new AAEE Career Center will provide:
• FREE and confidential resume posting – Make your resume available to employers 

in the industry, confidentially if you choose.
• Job search control – Quickly and easily find relevant industry job listings and sign up 

for automatic e-mail notification of new jobs that match your criteria.
• Easy job application – Apply online and create a password-protected account for 

managing your job search.
The Career Center can be accessed through the AAEE website www.aaee.net or di-

rectly at www.aaee.net/website/careercenter.htm

FIVE AAEE E3 COMPETITION AWARD WINNERS WIN IWA PROJECT 
INNOVATION AWARDS
Leading international water engineering firms and organizations were rewarded for their 
innovative approaches to the challenges of the water industry at a September ceremony in 
Beijing, China organized by the International Water Association (IWA).  IWA’s Project inno-
vation awards honored excellence and innovation in water engineering projects around the 
world.  Focusing exclusively on engineering and water, the awards recognized originality in 
project conception and results.  Awards were presented in the categories of applied research 
projects, design projects, operations/management, and small projects.

Five 2006 winners of the AAEE Excellence in Environmental Engineering (E3) Competi-
tion were among the sixteen IWA award winners.  The E3’s Grand Prize in Research winner, 
Poseidon Resources Corporation for the Carlsbad, CA Seawater Desalination Demonstration 
Facility, was IWA’s Global Grand Prize winner in the Applied Research Project category.  Acad-
emy member Nikolay S. Voutchkov, P.E., BCEE was the engineer in charge of the project.
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E X E C U T I V E  D I R E C T O R ’ S  M E S S A G E

BY LAWRENCE A. PENCAK

FIRST EDITION...ONE OF MANY  
FIRSTS FOR 2007

Our intent is to keep you well informed in 2007, on these pages, through regular  
electronic updates, as well as immediate electronic reports to you...

 I FELT SOMEWHAT AWKWARD after 
only a few weeks as the new executive 
director cobbling together an executive 
director’s message for the last issue of 
the Environmental Engineer.  Not so with 
this edition.  I see Volume 43: Number 
1 - Winter/2007 as my first edition of 
the magazine, and for the Environmental 
Engineer magazine this is a first as well 
- the first edition of its newly expanded 
format.  My first months with the 
Academy have seen the introduction of 
electronic member communications, the 
AAEE Career Center, and an entirely 
new electronic submission and judging 
process for the AAEE’s E3 Competition.  
The immediate next months will see 
additional new initiatives.  And, as you 
will note in some of the commentary on 
these pages the driving theme for 2007 
and beyond is to aggressively develop a 
demand for BCEEs and BCMs, double 
the size of the Academy, and increase 
the profile of the Academy and BCEE 
in the professional community.  But, this 
executive director’s message is in the 
Environmental Engineer magazine, itself the 
significant first of the moment.

This and subsequent issues of the 
Environmental Engineer will consist of 
Part 1 – News, Currents, and Careers; 
and Part 2 – Applied Research and 
Practice featuring 2-4 peer-reviewed 
papers emphasizing case studies and use-
ful practical research.  Part 1 closely re-

sembles in content previous issues of the 
magazine.  Robert Baillod, Ph.D., P.E., 
BCEE, the AAEE Publications Chair 
and Editor of the Applied Research and 
Practice, section has assembled a notable 
Editorial Board (pg. 23) for this new 
section composed of seven practitioners 
and four educators; two are members of 
the National Academy of Engineering 
and five are current or former Academy 
Trustees.  Each Editorial Board member 
has accepted the responsibility to review 
papers submitted, and to either write 
or actively recruit paper submissions 
from colleagues.  If you are asking if this 
section is intended to be the embryonic 
precursor to a future Academy journal 
of environmental engineering practice, to 
definitively answer yes would be prema-
ture, but clearly there is an intent toward 
that direction.  Dr. Baillod’s section intro-
duction (pg. 24) outlines the new effort’s 
focus and objective.

The Academy is also diligently 
studying the future format – print vs. 
electronic - of the magazine.  An unex-
pected large number of members re-
sponded to the format preference survey 
that was enclosed with their 2007 renewal 
package.  Through the end of Decem-
ber, 725 responses were received with 
members voting 51% to 49% to maintain 
the print format.  Some of the comments 
received along with the votes were: “I’ll 
definitely read an electronic format, and 

tend not to read the print copy I receive,” 
to “I greatly prefer the print version as 
I take it with me when I travel and read 
each page,” and “I delete most of the 
electronic publications I receive; they’re 
too difficult to read.”  And, “As environ-
mental engineers we should practice what 
we preach, go electronic and stop deplet-
ing the environment,” to “I support any 
decision that will save the AAEE money.”  
Comments not surprisingly reflective of 
the almost 50-50 nature of the vote.

An electronic format would save 
considerable financial resources, but 
there is no majority mandate for that 
direction.  In fact the vote is so close, 13 
votes separating print over electronic, 
that an overwhelming mandate for print 
also does not exist.  Providing a choice 
of either print or electronic would not 
significantly save financial resources, and 
could possibly increase them.  Indeed a 
clear challenge, but one that will be re-
solved in the coming year with member’s 
preferences a primary consideration in 
the final outcome.

Our intent is to keep you well 
informed in 2007, on these pages, 
through regular electronic updates, as 
well as immediate electronic reports to 
you of surveys and questionnaires that 
you participate in.  I know you will find 
with this first expanded magazine edi-
tion that 2007 will be a year of several 
Academy firsts.    
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M E M B E R  N E W S

ANDREW W. EDWARDS, P.E., BCEE, be-
came Principal in the Houston location 
of ENVIRON.  Mr. Edwards is Active 
and has been certified in Water Supply 
and Wastewater since 2002. 

BRIEN N. GIDLOW, P.E., BCEE, has 
joined the Denver location of HDR as a 
Senior Project Manager.  Mr. Gidlow is 
Active and has been certified in Water 
Supply and Wastewater since 1996.

HERBERT I. HOLLANDER, P.E., BCEE, 
has be presented with the ASME and 
IT3 2006 Pioneer Award.  Mr. Holland, 
a consultant of Hollander Associates, 
is Active and has been certified in Solid 
Waste Management since 1974.

GEORGE E. KURZ, P.E., BCEE, has joined 
Barge Waggoner Sumner & Cannon as 
Senior Technical Leader.  Mr. Kurz, the 
current president of Kentucky-Tennes-
see Water Environment Association, is 
Active and has been certified in Water 
Supply and Wastewater since 1995.

PHILIP C. SINGER, PH.D., P.E., BCEE, was 
presented with the Harrison Prescott 
Eddy Medal from the Water Environ-
ment Federation (WEF) as one of the 
authors of “Insights to False Positive 
Total Cyanide Measurements in Waste-
water Plant Effluents” featured in Water 
Environment Research.  Dr. Singer, a profes-
sor at University of North Carolina, is 
active and has been certified in Water 
Supply and Wastewater since 1989.

THOMAS D. PARKER, P.E., BCEE, has 
been appointed president of the Solid 
Waste Association of North America 

(SWANA).  Mr. Parker, a principal en-
gineer at CDM, is Active and has been 
certified in Solid Waste Management 
since 2004.

YVES E. POLLART, P.E., BCEE, has been 
named president of the Pennsylva-
nia Water Environment Association 
(PWEA).  Mr. Pollart, Director of En-
vironmental Engineering at RETTEW 
Associates, Inc., is Active and has been 
certified in Water Supply and Wastewa-
ter since 1997.

C. HERB WARD, PH.D., P.E., BCEE, is 
the 2006 AAEE-AEESP Frederick G. 
Pohland Medal recipient.  The Pohland 
Medal recognizes recipient’s lifelong 
commitment to bridge environmental 
engineering research, education, and 
practice.  Dr. Ward, the Foyt Family 
Chair of Engineering in the George R. 
Brown School of Engineering at Rice 
University, has been certified since 2004 
in Hazardous Waste Management.

MEMBERSHIP STATUS CHANGE

HAROLD J. CURTIS, II, P.E., BCEE, and 
SHERYL LYNN MAYS, P.E., BCEE, have 
both been transferred to Active status. 

IN MEMORIAM

BRADFORD S. CUSHING, P.E., BCEE, 
passed away on October 24, 2006.  He 
was Vice President and Principal of Ap-

plied Environmental Management, Inc., 
Malvern, PA, and had been certified since 
1992 in Hazardous Waste Management. 

WILLIAM A. GARLOW, P.E., BCEE, 
passed away in 2006.  He had been certi-
fied since 1973 in Sanitary Engineering.

NASH O. GERALD, P.E., BCEE, passed 
away on March 18, 2006.  He was 
Environmental Engineer with USEPA-
OAQPS, Durham, NC, and had been 
certified since 1997 in Air Pollution 
Control. 

MORTON I. GOLDMAN, SC.D., P.E., 
BCEE, passed away.  He was a Consul-
tant and had been certified since 1960 in 
Radiation Protection.

JOSEPH J. HARRINGTON, PH.D., P.E., 
BCEE, passed away on October 9, 2006.  
He was a Professor at Harvard Univer-
sity and had been certified since 1995 in 
General Environmental Engineering.

LOUIS HERSCHLER, P.E., passed away in 
September 2006.  He was a Life member 
and had been certified since 1956 in 
Sanitary Engineering.

FRED C. HOBSON, P.E., BCEE, has 
passed away.  He was a Life member 
and had been certified since 1979 in 
Water Supply and Wastewater.

CHARLES A. STRYKER, P.E., BCEE, 
passed away on June 13, 2006.  He was 
President and Owner of CAS Construc-
tion, Inc., and had been certified since 
2002 in Water Supply and Wastewater.   
      

Looking for a qualified employee? Seeking a position?

The Academy can help!

AAEE launched it’s AAEE Career Center in September.  There is no charge for members to use this ser-
vice, and recruiters can post available positions for a fee of $250/position for a 30-day listing.  Check our 
website at http://www.aaee.net for more details.
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RUDY J. TEKIPPE, PH.D., P.E., BCEE
Senior Vice President, MWH

EDUCATION
Iowa State University  1965 BS
Iowa State University  1966 MS
University of Wisconsin  1970 PhD
Harvard University  1992 AMP

PROFESSIONAL CREDENTIALS
Registered Professional Engineer in two states
Diplomate, American Academy of Environmental  
   Engineers
Professional Honors
Distinguished Service Award, University of Wisconsin

DR. TEKIPPE HAS SERVED IN THE ENVIRONMENTAL EN-
GINEERING field for over 40 years. He grew up on a farm in 
Iowa and attended Iowa State to get his BS in Civil Engineering 
and his MS in Sanitary Engineering. His MS research and the-
sis were focused on settling tanks used in wastewater treatment. 
At the University of Wisconsin, he completed his Ph.D. in the 
field of coagulation and flocculation in water treatment. 

In 1969, he began work for James M. Montgomery, Con-
sulting Engineers (JMM) in Pasadena, CA. This firm’s name 
later evolved to Montgomery Watson and then MWH. Early 
on, he conducted research on water and wastewater treatability, 
corrosion, algae in ponds and other related issues. In 1972, he 
served for two years as JMM’s project manager for a 303 Basin 
Plan project for the State of California. In 1974, he became 
manager of the firm’s Wastewater Engineering Department and 
served as project manager on a number of large wastewater 
treatment plant studies and designs nationwide. In the years 
that followed, he became a company officer and member of the 
board of directors. In 1982 he became manager of the firm’s 
Pasadena Office. 

Given an opportunity to return to academic life, he took 
a teaching and research position as an associate professor at 
Iowa State University in academic year 1983/84. He returned to 
JMM as the Assistant Chief Engineer and subsequently became 
the Director of Technology as well as the Product Line Leader 
of Wastewater Engineering.

In 1990, Dr. Tekippe was awarded the role of Program 
Manager for his firm’s program management project for the 
Water Board in Sydney, Australia. He led a team of over 100 
people in the client’s office and was chartered with comprehen-
sive planning and early project implementation for wastewater 
management facilities serving 3.6 million people in the greater 
Sydney area. Upon returning to the USA, he resumed his role 
as Director of Technology, became the first president of MWH 
Soft, and was active in training.

Dr. Tekippe  has written over 30 papers, chapters in several 
books and many reports on the subject of wastewater treatment. 
His specialties are suspended growth biological treatment and 
clarifier design. He has served as the lead chapter author of the 
past two issues of the WEF text “Design of Municipal Wastewa-
ter Treatment Plants” and  WEF’s manual “Clarifier Design”.

His professional memberships include: AWWA, WEF, 
IWA, ASCE, NSPE, and AAEE, for which he was an elected 
member at large to the Board of Trustees for three years.

The 2007

KAPPE LECTURER
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Wastewater Treatment Clarifier 
Design and Research
Clarification has served as a cost-effec-
tive process in the treatment of water and 
wastewater for centuries, yet the practice 
of designing these units has continued to 
evolve with few experts believing that a 
true optimum design has been found. In 
the field of municipal wastewater treat-
ment, this basic process is commonly 
used in primary and secondary treatment, 
with some minor application in tertiary 
treatment. Rectangular and circular units 
have largely replaced all other shapes, 
however, within this pair lies a wide array 
of details that have a profound influence 
on the effectiveness of the process. Indeed, 
performance of some tanks with the  
same basic geometry can vary by a factor 
of two or more, depending on the design 
of details. 

The construction costs of wastewa-
ter treatment clarifiers in the USA each 
year is in the hundreds of millions of 
dollars. The units often occupy a large 
portion of the footprint of most plant 
sites. Because of the extremely low 
velocities and performance sensitivity 
to temperature and density variables, 
research and process improvements are 
most commonly conducted on full-scale 
facilities. In recent years, digital computer 
models have been developed to simulate 
these units and have found to be suc-
cessful in many applications to assist in 
design improvement. The development 
of membrane technology and its use to 
separate solids from wastewater in treat-
ment will compete for some of the separa-
tion market, but clarifiers will perform 
this function for most plants for years to 
come; especially in the larger facilities. 
Thus, improvements in clarifier design 
represent a way to save large amounts of 
money and resources.

This lecture will illustrate a few of 
the fundamentals of clarifier engineering 
and focus on the array of details that are 
available to achieve success in treatment. 
It will explain some of the types of designs 

that have been used in the past to serve as 
a basis for comparison to the state-of-the-art 
practices of today. Figures, photos and per-
formance data are presented to show how 
each of the key variables in design can af-
fect results. The comprehensive evaluation 
of all of the variables is needed to define the 
best design for each treatment plant applica-
tion. Features that are found to be favorable 
to most design engineers to achieve balance 
between cost and performance are present-
ed and discussed. 

In the late 1980’s, Dr. Tekippe com-
pleted a project for the USEPA that defined 
research needs for secondary clarifiers 
in wastewater treatment. The priorities 
established at that time will be examined 
and compared to what has since been com-
pleted. His recommendations on further 
research needs and methodology to further 
improve this process and its application by 
design engineers will be included.

Consulting Environmental 
Engineering  on a Global 
Basis and its Relationship 
to Wastewater Treatment 
Technology
For most of the past century, wastewater 
treatment engineering was performed by 
private and public professionals who oper-
ated in rather limited circles of collabora-
tion. Many different technologies were 
applied to meet a range of objectives and 
product water quality. Numerous innova-
tions have been created to improve the cost 
effectiveness of treatment. Through the use 
of publications and presentations among 
professionals, these technologies have been 
shared around the world, but many differ-
ences still remain. 

In the past two decades, the communi-
ty of large consulting engineering firms has 
changed in the way in which technology 
and professionals are applied to projects. 
Several of these firms have expanded to 
form truly global organizations that have 
native employees performing designs with 
the support of instantly available experts 

and state-of-the-art tools that revolutionize 
the profession. This is complimented by the 
fact that product development and research 
in several countries is continually bring-
ing to the forefront new process concepts, 
details and equipment. Furthermore, the 
means of project delivery acceptable to 
public institutions has expanded to a wider 
range of alternatives. The common USA 
practice of completing a design, putting it 
out to bid and awarding the construction 
to the low bidder has given way, to a large 
degree, to alternatives such as design-build, 
construction management at risk, and other 
such alternative delivery methods. Some of 
these options give more opportunity to the 
engineering-construction professionals to 
incorporate innovative technologies as they 
take on the added risks in competition to 
secure the work.

This lecture will describe these global 
changes and how they affect the future of 
engineering applications and research in 
the environmental engineering market. It 
will include a case study of one large firm 
that is highly globalized and uses leading 
edge methods of knowledge management 
to facilitate the latest information in project 
planning and execution. The advantages 
and disadvantages of bringing in pro-
cess innovations from various countries 
around the world are compared. A specific 
example of how technical improvements 
found effective in a foreign country, but 
have constraints in USA applications is 
given. A broader set of examples including 
numerous processes, such as belt presses, 
special screens, unique tertiary filters and 
others, is shown to illustrate how and why 
some such technical transfers succeed and 
others fail.

Conclusions and recommendations 
relative to teaching and research at universi-
ties in the USA are offered. Also, the merits 
of new engineering graduates considering 
working for global engineering consulting 
firms will be discussed and recommenda-
tions given to help them prepare for practic-
ing their new profession in an increasingly 
global world.   

ABSTRACTS OF LECTURES OFFERED
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As I completed the 2006 series I felt rewarded beyond the honor of 
being invited.   My understanding of academia and environmental 
engineering research has been updated.  The current programs, 
particularly graduate research agendas, are truly impressive.  
Nonetheless, most schools still have a recognizable gap in the very 
subject area of my lecture: Water Management: Optimizing Systems In 
An Era Of Limits.  Using case studies in including Southwestern 
Pennsylvania water quality, New York City filtration and water-
shed protection, and Colorado River water planning, I illustrated 
how our regulations and institutions try to deal with fundamental 
environmental engineering problems.

The watershed or basin was presented as the fundamental or-
ganizing unit for all water management activities.  While there are 
many examples of partial success in recognizing this principle, our 
legislation and institutions are based on individual accountability 
through enforcing standards and not on a comprehensive approach 
to better and more efficient health and environmental protection.  
To achieve this we need professionals committed to evolutionary 

optimization within a regional context.  In the 1960s the National 
Water Resources Council made efforts to include economic efficien-
cy in water management; unfortunately this concept has been lost 
and now needs to be restored.  Although in some ways our current 
approach is tied to watershed-based optimization (e.g. TMDL and 
Sec 208 of the CWA), we now have a basically case-by-case regula-
tory system.

The Safe Drinking Water Act of 1974 has evolved from the 
1980s litigation compromise on the TTHM regulation, which 
gave priority to regulatory standards, with regulated systems free 
to choose compliance technology.  Considering the plethora of 
pending and potential standards for drinking water, a new technol-
ogy-based regulatory approach is needed.  Similar to the CWA, the 
SDA should establish source water categories that provide the basis 
for requiring utilities to use the latest proven technologies.  Cur-
rently the San Diego County Water Authority’s Twin Oaks Valley 
Water Treatment Plant would be a good model for its type of raw 
water, a Northern California and Colorado River blend. 

Students and researchers at the universities I visited are inter-
ested in these topics and faculty, recognizing the need, are seeking 
ways to broaden the curriculum to provide this context.  Perhaps 
AAEE members who have day-to-day experience with water plan-
ning and regulation could volunteer lectures on a regular schedule 
at a nearby university. At the other end of the spectrum, universi-
ties are engaged in wide-ranging research activities.  Nano-technolo-
gies, endocrine disruptors, membrane performance, and biofilms 
are but a few of the advanced research topics.  Unfortunately, fed-
eral and other sources of funding for projects and student support 
are increasingly limited.  In the long-run, this kind of governmental 
support is probably much more important than short-run assistance 
with water and wastewater system improvements.  Expanded 
support is also needed to provide more international opportunities 
for individual students.  There is growing interest in individual 
exchanges through such organizations as “Engineers Without Bor-
ders.”  Perhaps degree programs could be modified to incorporate 
an international or work experience, that could be foundation or 
federally sponsored.

The umbrella term, “Environmental Engineering” now covers 
professionals from increasingly diverse backgrounds, including a 
larger number of professionals with non-engineering college educa-
tion.  They are engaged in multi-media and advanced technology 
research that will provide tools for future water management.  
Therefore I believe that the Academy’s new category of “Board 
Certified Member” should be advanced in order to promote a 
broader professional concept of the Academy.  

REFLECTIONS ON THE  
2006 KAPPE LECTURE SERIES

By Jerome B. Gilbert, PE, BCEE
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Since 1998 Poseidon Resources has been 
working with the City of Carlsbad to con-
struct a 50 Million Gallon per Day saltwater 
desalination plant, which would supply a 
cost-certain, locally controlled, drought-proof 
supply of water.  A pilot desalination facility 
began operations in 2003 on the project 
site adjacent to the Encina Power Station to 
demonstrate the desalination process and 
showcase the balance of environmental pro-
tections inherent in the project.

Poseidon developed and tested a new 
approach to location siting the desalination 
facility along side of the power plant enabling 
the desalination plant intake and discharge 
system to directly connect to the discharge of 
the power generation plant that used seawater 
for cooling.  This configuration allowed the 
warm power plant discharge to be used as 
both a source water for the desalination plant 
and as a blending water to reduce the salinity 
of the concentrate before it was discharge to 
the ocean.  This approach also reduced both 
capital costs and energy requirements.

Research at the plant also proved 
that marine organisms lost their ability to 
reproduce at salinity levels below those set 
in the EPA’s Whole Effluent Toxicity test.  
A new methodology was developed that 
found the maximum salinity level at which 
marine organisms survive, grow, and 
reproduce normally.

The Environmental Impact Report 
prepared independently by another firm 
for the City of Carlsbad concluded that the 
proposed plant could be constructed and 
operated with no significant impact related 
to thirteen different areas studied includ-
ing noise, traffic, growth-inducement, air & 
water quality, land use, public utilities, and 
natural resources.  The full- scale plant is 
scheduled to be completed and producing 
potable water by 2008.

E3 Competition Grand Prize in Op-
eration & Management winner, Sanitation 
Districts of LA County Antelope Valley 
Green Energy Program: The Power of In-
novation, was the IWA’s Global Grand Prize 
winner in Operations/Management.  AAEE 
member James F. Stahl, P.E., BCEE was the 
engineer in charge of the project.

As part of the Antelope Valley Green 
Energy program of the Palmdale and 
Lancaster Districts, a 250 kilowatt fuel cell 

was installed at the Palmdale wastewater 
treatment works and a 230 kilowatt micro-
turbine was installed at the Lancaster works, 
both of which provide secondary treatment.  
Both units used waste heat recovery for 
digester heating.  Each of these is a first 
for its type to use digester gas as fuel.  The 
projects include innovative systems to clean 
trace contaminants from the digester gas 
stream, produce zero or ultra-low air emis-
sions, and the facilities can be operated from 
a remote control center.

By adopting advanced technologies, the 
Districts blazed a trail for the wastewater 
treatment industry as a whole, and opened 
the way for large scale, industry-wide reduc-
tions in fossil fuel use, air emissions, and 
energy-related costs.

CH2M Hill’s Alexandria Sanitation 
Authority Advanced Wastewater Treatment 
Facility Upgrade, the E3 Grand Prize in De-
sign winner, was an IWA Regional winner 
in Design Projects and the recipient of the 
IWA’s Superior Achievement Award.

The upgrade developed a unique 
wastewater treatment plant that incorporates 
a small footprint, environment and energy-
efficient systems, as well as an advanced 
biosolids pasteurizer – the first of its kind in 
North America and the largest in the world 
– that ensured the biosolids were suitable for 
beneficial reuse.  The project implemented 
construction in phases to avoid problems 
with the restrictive site, high water table 
and contaminated soils.  The design also set 
large air-collection ductwork underground 
to reduce to reduce its visual impact.

The E3 Honor Award in Research 
winner, Malcolm Pirnie, Inc. for Watervliet 
Arsenal Chemical Oxidation Remediation 
Project, was an IWA Applied Research 
Projects Regional Winner. 

The remediation project confronted 
groundwater contaminated by volatile 
organic compounds from operations at 
the Watervliet Arsenal in New York State. 
Groundwater contaminated by volatile 
organic compounds from operations at 
the Arsenal had infiltrated the sites frac-
tured bedrock and diffused throughout the 
bedrock pore matrix and associated pore 
water, turning the rock itself into a source of 
continuing contamination spread.  Malcolm 
Pirnie employed a first-of-its-kind in-situ 

oxidation remedial strategy utilizing an 
integrated suite of site characterization tools, 
field pilot study data, laboratory studies, 
carbon isotope analyses, and numerical 
modeling.  Pilot studies and treatability tests 
proved the effective delivery and reaction 
of the oxidant permanganate with volatile 
organic compounds in the rock matrix.

Malcolm Pirnie, Inc. was also an IWA 
Regional Design Projects winner for the 
Lee Hall Water Treatment Plant, Newport 
News, VA.  The project was the 2006 E3 
Honor Award in Design winner.

The project design called for a new plant 
at the site of the old Lee Hall Plant using in-
novative technologies of Dissolved Air Filtra-
tion technology and ozone disinfection with 
biologically active granular media filtration.

The complete list of IWA 2006 Award-
ees include:

Category: Applied Research Projects
Global Grand Prize Winner:

• Poseidon Resources Corporation for 
the Carlsbad Desalination Demon-
stration Project

Regional Winners:
• Poseidon Resources Corporation for 

the Carlsbad Desalination Demon-
stration Project

• Malcolm Pirnie, Inc. for Watervliet 
Arsenal Chemical Oxidation Reme-
diation Project

• University of New South Wales for 
EGOWS for Improved Oil-Water 
Separation

• Kiwa Water Research for Critical 
Analysis of Valve Location and 
Reliability

Category: Planning
Regional Winner and Global Grand Prize 
Winner:

• Gold Coast Water for the Pimpama 
Coomera Master Plan

Category: Design Projects
Global Grand Prize Winner:

• Black & Veatch for the Tai Po Water 
Treatment Works & Aqueducts, 
Hong Kong, China

Regional Winners:
• Malcolm Pirnie, Inc. for Lee Hall 

Water Treatment Plant
• CH2M Hill the Alexandria Sanita-

tion Authority Advanced Wastewater 

ACADEMY NEWS, continued from page 5
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Treatment Facility Upgrade
• Earth Tech for Eastern Irrigation 

Scheme
• Black & Veatch for the Tai Po Water 

Treatment Works & Aqueducts, 
Hong Kong, China

Category: Operations/Management
Global Grand Prize Winner:

• Sanitation Districts of Los Angeles 
County for the Antelope Valley 
Green Energy Program: The Power 
of Innovation

Regional Winners:
• Sanitation Districts of Los Angeles 

County for the Antelope Valley 
Green Energy Program: The Power 
of Innovation

• Sinclair Knight Merz for the Sydney 
Water Sewage Network: Dry 
Weather Overflow (Sewer Choke) 
Management Strategy

• Kiwa Water Research for the Pre-
vention of Mechanical Well Clog-
ging; Increasing the Sustainability of 
Groundwater Abstraction

Category: Small Projects
Regional and Global Grand Prize Winner:

• The City of Salisbury and Kellogg 
Brown & Root Pty Ltd. For the 
Parafield Urban Stormwater Har-
vesting Facility

Superior Achievement Award:
• CH2M Hill the Alexandria Sanita-

tion Authority Advanced Wastewa-
ter Treatment Facility Upgrade

Professional Development Award:
• Brown & Caldwell

REP. CALLEGARI, P.E. SPEAKS ON 
TEXAS’ WATER ISSUES AT AAEE/
WEF/AIDIS BREAKFAST 
Texas State Representative Bill Callegari, 
P.E. addressed over 130 attendees about 
Texas’ water issues at the AAEE/WEF/ 
AIDIS Breakfast held at the October 
WEFTEC 2006 in Dallas.

AAEE President Alan H. Vicory serv-
ing as Master of Ceremonies introduced 
Representative Callegari who described Tex-
as’ water outlook in his opening comment 
as, “Texas’ water trends may be summed up 
as follows, years of growing demand for wa-
ter that is occasionally plagued by drought.”

In his remarks, Representative Callegari 
outlined the growing demands for Texas’ 
water resources. Using data from the Texas 
Water Development Board, Representative 
Callegari noted that as Texas’ population 
doubles between now and the year 2050, the 
demand for water will increase by 18 percent 
during that time.  By 2050, nearly 900 Texas 
cities will need to either reduce their water 
demands or develop additional sources of 
water beyond those currently available to 
meet their needs during times of drought.

“Our water planning objective in Texas 
is simple,” said Representative Callegari. 
“We need to provide for water supplies 
that will serve our growing population and 
endure in the time of drought. We also have 
a secondary objective, that of maximizing 
use of our surface water resources while 
minimizing the use of our less permanent 
groundwater supplies.”

Representative Callegari identified four 
strategies that the Texas Legislature may 

consider in 2007 to improve Texas’ water 
resources. Those strategies include waste-
water re-use, water conservation, seawater 
desalination, and the authorization of water 
transfers between river basins.

“Texas law needs to be changed to 
give cities and utilities the ability to re-use 
their water resources,” said Representa-
tive Callegari. “I am currently working on 
legislation addressing this issue in addition 
to legislation addressing the transfer of 
water between river basins. There are too 
many legal barriers in place to allow for the 
more effective use of our water resources. I 
am interested in reducing those barriers in 
order to provide for better flexibility with 
our resources.”

On the issue of water conservation, 
Representative Callegari noted that while 
such measures may help save water and 
prevent waste, they might also be too over-
reaching and restrictive. “While I favor 
water conservation in principle, I’m funda-
mentally opposed to legislative efforts that 
over-regulate, and would apply stringent 
conservation standards across the state,” 
said Representative Callegari.

Last year Representative Callegari 
was recognized by the Water Environment 
Association of Texas for his contributions 
to Texas’ water policy. With over 30 years’ 
experience in water resource development, 
Representative Callegari was appointed as 
Vice Chairman to the House Committee 
on Natural Resources in 2003.  Since then, 
Representative Callegari has authored sig-
nificant pieces of legislation affecting water 
utilities and municipal utility districts.   

Officer Nominees 
2  •  0  •  0  •  8

Full profiles and voting ballots will  
be available in the Spring issue of  

Environmental Engineer.

PRESIDENT-ELECT
Debra R. Reinhart, Ph.D., P.E., BCEE

Chair, Civil and Environmental  
Engineering Department

University of Central Florida
Orlando, Florida

Cecil Lue-Hing, Ph.D., P.E., BCEE
President

Cecil Lue-Hing & Associates, Inc.
Burr Ridge, Illinois

Rao Y. Surampalli, Ph.D., P.E., BCEE
Engineer Director

USEPA
Kansas City, Kansas

C. Robert Baillod, Ph.D., P.E., BCEE
Professor, Civil and  

Environmental Engineering
Michigan Tech

Houghton, Michigan

Brian P. Flynn, P.E., BCEE
Principal

MRE, Inc.
Castle Rock, Colorado

LeRoy C. Feusner, P.E., BCEE
Storage Tank Program Engineering Manager
WY Department of Environmental Quality

Cheyenne, Wyoming

Gary S. Logdson, D.Sc., P.E., BCEE
Senior Process Consultant

Gary Logsdon, P.E.
Fairfield, Ohio

VICE PRESIDENT

TRUSTEE-AT-LARGE
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2007 APPLICATION 
CYCLE ENDS  

MARCH 31, 2007

Don’t let your colleagues miss their 
chance to be part of the Academy’s next 
class of to become Board Certified.

Encourage them to apply for Specialty 
Certification, showing the rest of the 

world that they are among the Best of 
the Best.

Completed applications must be 
submitted to the Academy offices no 

later than March 31, 2007.  Call Academy 
Headquarters at 410-266-3311 for an 

application package.
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The Class of

THE ACADEMY announces the issuance of specialty certificates and Board Certified Environmental Engineers 
and Board Certified Members status to those individuals portrayed in this special section of the Environmental 
Engineer®. These persons have demonstrated to their peers that they possess the requisite formal education 
and environmental engineering practical experience and have successfully completed the Academy’s examina-
tions to be board-certified environmental engineering specialists. The special capability of each person is shown 
after their name using the following codes: 

THESE INDIVIDUALS were Board Certified in November 2006.

From the first applicants in 1956 to the 91 Board Certified Environmental Engineers and Board Certified 

Members listed on the following pages, the Academy has undergone growth and changes, but has never 

wavered from it’s core objective to “identify and credential persons with special capabilities in environmental 

engineering.”

Today, there are over 2,400 Board Certified Environmental Engineers and Board Certified Members in the 

Academy and interest continues to grow on an annual basis.

A brief description of the specialty certification process follows:   To be included in an annual class, the 

application for specialty certification must be submitted to the Academy by March 31. Any application received 

after that date is held over to the next class. The applications received by March 31 are then reviewed by the 

Admissions Committee for adequacy of education and qualifying experience in April and May. Examinations are 

administered to the qualified applicants during July and August at convenient locations throughout the country. 

The examination results are reviewed by the Admissions Committee in September and recommendations 

for each candidate are presented to the Board of Trustees. Each person’s history is reviewed by the Board 

members at the Academy’s Annual Meeting and decisions made to certify or not.

The Class of 2006

AP  Air Pollution Control,

GE  General Environmental  

Engineering,  

HW  Hazardous Waste Management, 

IH  Industrial Hygiene, 

RP  Radiation Protection, 

SW  Solid Waste Management, 

WW  Water Supply and Wastewater 

Engineering.



Winter 2007   ENVIRONMENTAL ENGINEER: News, Currents, and Careers    15

2  0  0  6
Azzam Q. Abumirshid, 
P.E., BCEE   HW
Environmental Engineer II
MDEQ
2380 Highway 80 West
Jackson, MS 39204

Mr. Abumirshid received his B.S. in 
Civil Engineering from the University of 
Alabama, Birmingham and M.S. degree 
in Environmental Engineering from 
the University of Mississippi.  He is a 
licensed P.E. in Mississippi with more 
than 17 years experience.

Robert E. Adamski, 
P.E., BCEE  WW
Vice President 
Gannett Fleming 
480 Forest Avenue
Locust Valley, NY 11560

Mr. Adamski received his B.S. degree in 
Civil Engineering from City College of 
CUNY.  He is a licensed P.E. in New 
York and New Jersey with more than 27 
years experience.

Michael D. Aitken, 
Ph.D., P.E., BCM  HW
Professor & Chair
University of North  
  Carolina at Chapel Hill
CB #7431

 Chapel Hill, NC 27599-7431
Dr. Aitken received his B.S. degree in 
Civil Engineering from the University 
of Buffalo, his M.S. in Civil Engineering 
from the University of California-Davis 
and Ph.D. in Civil Engineering from the 
University of Notre Dame.  He has more 
than 26 years experience.

Howard O. Andrews, 
Jr., P.E., BCEE  WW
Senior Water Resources 
Engineer
Black & Veatch
8400 Ward Parkway

 Kansas City, MO 64114
Mr. Andrews received his B.S. in Civil 
Engineering and MS in Engineering 
Administration from the University of 
Missouri at Rolla and MS in Environ-
mental Engineering from the University 
of Texas at Austin.  He is a licensed 
P.E. in Texas with more than 29 years 
experience.

Xuehua Bai, P.E., 
BCEE  WW  
Engineering Manager
Farnsworth Group
8055 East Tufts Avenue
Denver, CO 80237

Mr. Bai received his B.S. in Water/
Wastewater from the Tong University, 
Shanghai, China and MS degree in Envi-
ronmental Engineering from the Univer-
sity of Texas at El Paso.  He is a licensed 
P.E. in New Mexico and Colorado with 
more than 10 years experience.

Bruce P. Beynon, P.E., 
BCEE  AP
Air Tem Leader 
Chevron Texaco
11111 South Wilcrest  
   Drive

 Houston, TX 77099 
Mr. Beynon received his B.S. and MS 
Degrees in Chemical Engineering from 
the South Dakota School of Mines.  He 
is a licensed P.E. in Louisiana and Texas 
with more than 21 years experience.

Pratim Biswas, Ph.D., 
P.E., BCM  
Professor & Director of EE 
& Science
Washington University 
Campus Box 1180  

 St. Louis, MO 63130
Dr. Biswas received his BTech degree in 
Mechanical Engineering from the Indian 
Institute of Technology, Bombay.  He has 
more than 25 years experience.

Earnest R. Blatchley, 
III, Ph.D., P.E., BCEE  
WW
Professor, Civil  
   Engineering
Purdue University

 5500 Stadium Mall Drive
 West Lafayette, IN  
    47907-2051
Dr. Blatchley received his Ph.D. in Civil/
Environmental Engineering from the 
University of California-Berkeley.   He is 
a licensed P.E. in Indiana with more than 
20 years experience.

Veera M. Boddu, 
Ph.D., P.E., BCEE  WW
US Army Corps of  
  Engineers
2902 Newmark Drive
Champaign, IL 61822

Dr. Boddu received his B.S. in Chemical 
Engineering from Kakatiya University, 
India, his M.S. in Chemical Engineering 
from the Indian Institute of Technology 
in India and his Ph.D. in Chemical Engi-
neering from the University of Missouri.  
He is a licensed P.E. in Missouri with 
more than 22 years experience.

Francis W. Catherine, 
P.E., BCEE  HW
Project Manager/Manager
L. Robert Kimball and  
  Associates, Inc.
615 West Highland Avenue

 Ebensburg, PA 15931
Mr. Catherine received his B.S. in Chemi-
cal Engineering, MPA in Public Admin-
istration and  his M.S. in Environmental 
Pollution from Penn State University.  He 
is a licensed P.E. in Pennsylvania, Dela-
ware, Maryland, North Carolina, New 
Jersey, Ohio, Virginia and West Virginia 
with more than 17 years experience.

Walter T. Chaffee, P.E., 
BCEE  HW
Senior Vice President
CDM
50 Hampshire Street
Cambridge, MA 02139

Mr. Chaffee received his B.S. in Civil 
Engineering from the University of Mas-
sachusetts and M.S. in Civil Engineering 
from Northeastern University.  He is 
a licensed P.E. in Massachusetts, New 
Jersey and Maine with more than 29 
years experience.

Ni-Bin Chang, Ph.D., 
P.E., BCEE  SW
Professor, Civil and Envi- 
  ronmental Engineering
University of Central  
   Florida

 4000 Central Florida Blvd.
 Orlando, FL 32816
Dr. Chang received his B.S. in Civil 
Engineering from the National Chiao 
Tung University and his M.S. and Ph.D. 
degrees in Environmental Engineer-
ing from Cornell University.  He is a 
licensed P.E. in Texas with more than 22 
years experience.

Robert J. Christian, 
P.E., BCEE  WW 
Project Manager
NA Water Systems-Veolia  
   Water
250 Airside Drive

 Moon Township, PA  
   15108
Mr. Christian received his B.S. in Me-
chanical Engineering from the University 
of Massachusetts, Dartmouth and his 
M.S. in Civil Engineering from the Uni-
versity of Pittsburgh.   He is a licensed 
P.E. in Pennsylvania with more than 10 
years experience. 

James P. Cinelli, P.E., 
BCEE  HW
Principal
Liberty Environmental, Inc.
10 North 5th Street #800
Reading, PA 19601

Mr. Cinelli received his B.S. in Civil 
Engineering from Lehigh University, 
his M.S. in Business at St. Joseph’s 
University and his M.Eng. in Environ-
mental Engineering from Penn State.  He 
is a licensed P.E. in Pennsylvania, New 
Jersey, New York, Delaware, Virginia, 
Connecticut and Tennessee with more 
than 15 years experience.

Richard C. Claus, P.E., 
BCEE  WW
Project Engineer/Squad  
  Leader
HNTB Corporation
111 Monument Circle  

   #1200
 Indianapolis, IN  
   46204-5178
Mr. Claus received his B.S. and M.S. 
degrees in Environmental Engineering 
from Texas Tech University. He is a 
licensed P.E. in Indiana with more than 8 
years experience.

Scott L. Cowburn, 
P.E., BCEE  WW
Project Manager
CDM
2740 Smallman Street 
#100

 Pittsburgh, PA 15222
Mr. Cowburn received his B.S. in Biol-
ogy from the State University of NY at 
Cortland and his M.S. in civil Engi-
neering from the University of Lowell 
Massachusetts.  He is a licensed P.E. in 
Pennsylvania with more than 20 years 
experience.

James L. Daugherty, 
P.E., BCEE  WW
General Manager
Thorn Creek Basin  
  Sanitary District
700 West End Avenue

 Chicago Heights, IL  
   60411
Mr. Daugherty received his B.S. in Civil 
Engineering and M.S. in Environmental 
Engineering from the University of 
Illinois-Urbana.  He is a licensed P.E. in 
Illinois with more than 32 years experi-
ence.

Ahmed G. El-Din, 
Ph.D., P.E., BCEE  WW
Project Engineer/Squad  
  Leader
HNTB Corporation
111 Monument Circle  
 #1200

 Indianapolis, IN 46204
Dr. El-Din received his B.S. in Civil En-
gineering from the Cairo University and 
M.S. and Ph.D. degrees in Environmen-
tal Engineering from the University of 
Alberta.   He is a licensed P.E. in Indiana 
with more than 8 years experience.

Don Evans, P.E., BCEE  
Chief Executive &  
  President
CH2M Hill
9191 Jamaica Street
Englewood, CO 80112- 
  5946

Mr. Evans received his B.S. and M.S. in 
Civil Engineering from Stanford Univer-
sity and his MBA from Graduate School 
of Business (Stanford University).  He 
is a licensed P.E. in California and has 
more than 30 years of experience.

John F. Ferguson, 
Ph.D., P.E., BCM  WW
Professor of Civil  
  Engineering
University of Washington
304 More Hall,  

   Box 352700 
 Seattle, WA 98195-2700
Dr. Ferguson received his Ph.D. in Civil 
Engineering from Stanford University.  
He has more than 35 years experience.
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Jon D. Ganz, P.E., 
BCEE  WW
Supervising Engineer
LASAN
24501 South Figueroa  
  Street

 Carson, CA 90745  
Mr. Ganz received his B.S. in Civil 
Engineering and M.S. in Environmental 
Engineering from Stanford University.  
He is a licensed P.E. in California with 
more than 10 years experience.

Jason R. Garz, P.E., 
BCEE  WW  
Project Manager
Hatch Mott MacDonald
5111 North 12th Avenue
Pensacola, FL 32504

Mr. Garz received his B.S. and M.S. 
degrees  in Civil Engineering from 
Auburn University.  He is a licensed 
P.E. in Florida with more than 11 years 
experience.

Eduardo R. Gonzalez-
Vazquez, Ph.D., P.E., 
BCEE   HW
Environmental Engineer
US EPA
1492 Ponce De Leon  

   Avenue
 San Juan, PR 00907
Dr. Gonzalez-Vazquez received his B.S. in 
Chemical Engineering and Ph.D. in Fi-
nancial Management from the University 
of Puerto Rico, and M.S. in Chemical 
Engineering from Columbia University.  
He is a licensed P.E. in Puerto Rico with 
more than 18 years experience.

Mark K. Hammaker, 
P.E., BCEE   HW
Project Manager
Applied Environmental  
  Management, Inc.
16 Chester County  

   Commons
 Malvern, PA 19355
Mr. Hammaker received his B.S. 
Mechanical Engineering and M.S. in 
Environmental Pollution from Penn 
State University.  He is a licensed P.E. in 
Pennsylvania with more than 18 years 
experience.

Timothy A. Harbaugh, 
P.E., BCEE  SW  
Director of Environmental 
  Management
Kane County
719 Batavia Avenue

 Geneva, IL 60134
Mr. Harbaugh received his B.S. in Agri-
cultural Engineering from the University 
of Illinois at Urbana.  He is a licensed 
P.E. in Texas and Illinois with more than 
20 years experience.

John G. Harris, P.E., 
BCM  WW
Engineering Coordinator
MDEQ
2380 Highway 80 West
Jackson, MS 39204

Mr. Harris received his B.S. in Civil 
Engineering from Mississippi State Uni-
versity.  He has more than 17 years 
experience.

Jenny M. Ho Hsu, P.E., 
BCEE    WW  
Senior Engineer 
LASAN
1955 Workman Mill Road
Whittier, CA 90601

Ms. Hsu received her B.S. in Civil 
Engineering and M.S. in Environmental 
Health from U.C. Berkeley.  She is a 
licensed P.E. in California with more 
than 10 years experience.

Patrick S. Hogan, P.E., 
BCEE  WW
Senior Associate
Malcolm Pirnie, Inc.
100 Congress Avenue 
#225

 Austin, TX 78701
Mr. Hogan received his B.S. in Civil En-
gineering and M.S. in Environmental En-
gineering  from the University of Texas 
at Austin.  He is a licensed P.E. in Texas 
with more than 29 years experience.

Robert W. Holden, 
Ph.D., P.E., BCEE  WW
Project Manager
HNTB
111 Monument Circle 
#1200

 Indianapolis, IN 46204
Dr. Holden received his B.S., M.S. and 
Ph.D. degrees in Civil Engineering from 
Purdue University.  He is a licensed 
P.E. in Indiana with more than 11 years 
experience.

Mark H. Houck, Ph.D., 
P.E., BCEE    WW
Professor
George Mason University
CEIE Department, MS 
466

 Fairfax, VA 22030-4444
Dr. Houck received his B.S. in Envi-
ronmental Science and his Ph.D. in 
Environmental Engineering from Johns 
Hopkins University.  He is a licensed 
P.E. in Indiana and Maryland  with more 
than 29 years experience.

Kenneth C. Hui, P.E., 
BCEE  WW  
Project Engineer
HDR Engineering
500-108th Avenue NE 
#1200 

 Bellevue, WA 98004
Mr. Hui received his B.S. in Agricultural 
Engineering and M.S. in Civil Engineer-
ing from Cornell University.  He is a 
licensed P.E. in Washington with more 
than 9 years experience.

Hilary Inyang, Ph.D., 
P.E., BCM  HW
Professor of EE & Science
University of North  
  Carolina at Charlotte
9201 University City  

   Boulevard
 Charlotte, NC 28223-0001
Dr. Inyang received his B.S. in Geology 
from the University of Calabar, Nigeria, 
B.S. and M.S. in Civil Engineering from 
the North Dakota State University and 
Ph.D. in Geological Engineering Materi-
als from Iowa State University.  He more 
than 25 years experience.

Kenneth J. Kaiser, 
P.E., BCEE  HW
Project Manager
Consolidated Edison 
Company of New York, Inc.
31-01 20th Avenue,  

   Building 136, 2nd Floor
 Astoria, NY 11105
Mr. Kaiser received his B.S. and M.E. 
degrees in Chemical Engineering and 
M.S. in Civil Engineering from Manhat-
tan College.  He is a licensed P.E. in New 
York with more than 17 years experience.

Carole A. Kaslick, P.E., 
BCEE  HW
Project Engineer/Manager
CDM
50 Hampshire Street
Cambridge, MA 02139

Ms. Kaslick received her B.S. in Chemi-
cal Engineering from Northeastern Uni-
versity and M.S. in Civil/Environmental 
Engineering from Tufts University.  He 
is a licensed P.E. in Massachusetts with 
more than 20 years experience.

John J. LaGorga, P.E., 
BCEE    WW      
Stearns and Wheler, LLC
One Remington Drive
Cazenovia, NY 13035
Mr. LaGorga received his 

B.S. in Forest Engineering and M.S. in 
Environmental Resources from SUNY.  
He is a licensed P.E. in New York with 
more than 10 years experience.

Yann A. LeGouellec, 
Ph.D., P.E., BCEE  WW  
Senior Engineer, Water  
  Quality
Greater Cincinnati Water  
  Works

 5651 Kellogg Avenue
 Cincinnati, OH 45228
Dr. LeGouellec received his B.S. in 
Finance and M.S. and Ph.D. degrees in 
Civil Engineering from the University of 
California, Los Angeles.  He is a licensed 
P.E. in Arizona and Virginia with more 
than 10 years experience.

Martin J. Lewis, P.E., 
BCEE   SW  
Senior Project Manager
CDM
1701 SR A-1-A #301
Vero Beach, FL 32963  

Mr. Lewis received her B.S. and M.S. 
degrees in Environmental Engineering 
from the University of Florida.  He is a 
licensed P.E. in Florida with more than 
10 years experience.

Jeremy C. Lin, P.E., 
BCEE  WW
Managing Partner
Lintech Engineering, LLC
1496 Merchant Drive
Algonquin, IL 60101

Mr. Lin received his B.S. and M.S. 
degrees in Civil Engineering from 
Kansas State University.  He is a licensed 
P.E. in Illinois with more than 9 years 
experience.

Helen X. Littleton, 
Ph.D., P.E., BCEE  WW
Senior Engineer
CDM
Two Penn Center Plaza
1500 JFK #624

 Philadelphia, PA 19102
Dr. Littleton received her B.S. in Sanitary 
Engineering from Xian University, 
China, M.S. in Environmental Engineer-
ing from Penn State University and 
Ph.D. in Environmental Science from 
Rutgers University. She is a licensed P.E. 
in Pennsylvania with more than 31 years 
experience.

Thomas A. Loto, P.E., 
BCEE    WW
Project Engineer
Malcolm Pirnie, Inc.
100 Roscommon Drive 
#100

 Middletown, CT 06457
Mr. Loto received his B.S. in Civil En-
gineering from Northeastern University 
and M.S. in Environmental Engineering 
from the University of New Haven.  He 
is a licensed P.E. in Connecticut with 
more than 11 years experience.
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Thomas Mathew, P.E., 
BCEE  HW
Project Manager 
CDM
Raritan Plaza I, Raritan  
  Center

 Edison, NJ 08818
Mr. Mathew received his B.S. in Civil 
Engineering and M.S. in Sanitary En-
gineering from the University of North 
Dakota.  He is a licensed P.E. in Kansas 
and New Jersey with more than 15 years 
experience.

James A. Merideth, 
P.E., BCEE  WW
Principal
Fox Engineering  
  Associates, Inc.
1601 golden Aspen Drive  

   #103
 Ames, IA 50010
Mr. Merideth received his B.S. in Civil 
Engineering and M.S. in Sanitary Engi-
neering from Iowa State University.  He 
is a licensed P.E. in Missouri and Iowa 
with more than 36 years experience.

Mischelle D. Mische, 
P.E., BCEE    SW  
Civil Engineer
LASAN
PO Box 4998
Whittier, CA 90601

Ms. Mische received her B.S. in Engi-
neering from Harvey Mudd University 
and M.S. in Civil Engineering from 
Loyola Marymount University.  She is 
a licensed P.E. in California with more 
than 15 years experience.

Thomas R. Morgan, 
P.E., BCEE  WW
Vice President
CDM
50 Hampshire Street 
Cambridge, MA 02139

Mr. Morgan received his B.S. in Civil 
Engineering from the University of New 
Hampshire and M.S. in Civil/Environ-
mental from Northeastern University.  
He is a licensed P.E. in New Hampshire 
and Massachusetts with more than 36 
years experience.

Gregory D. Mosure, 
P.E., BCEE  WW
Engineer
BBS Corporation
1103 Schrock Road #400
Columbus, OH 43229

Mr. Mosure received his B.S. in Environ-
mental Engineering from the University 
of Dayton.  He is a licensed P.E. in Ohio 
with more than 8 years experience.

Ignacio Murillo, P.E., 
BCEE  WW
Civil Engineer
LASAN
24501 South Figueroa  
  Street

 Carson, CA 90745
Mr. Murillo received his B.S. in 
Civil Engineering from the University 
of California at Irvine and M.S. in Civil 
Engineering from Loyola Marymount 
University.  He is a licensed P.E. in 
California with more than 11 years 
experience.

John E. Murphy, P.E., 
BCEE    WW
Senior Project Manager
Stantec Consulting  
  Services
5 Lan Drive, Suite 300

 Westford, MA 01886
Mr. Murphy received his B.S. and M.S. 
degrees in Civil Engineering from North-
eastern University.  He is a licensed P.E. 
in Rhode Island, Massachusetts, Florida 
and Connecticut with more than 28 
years experience.

Christine M. Nesbit, 
P.E., BCEE  WW
Engineer
CDM 
5400 Glenwood Avenue 
#300

 Raleigh, NC 27612
Ms. Nesbit received her B.S. Civil 
Engineering from Duke University and 
M.S. in Environmental Engineering from 
Stanford University.  She is a licensed 
P.E. in North Carolina and California 
with more than 10 years experience.

John T. Novak, Ph.D., 
P.E., BCEE    WW  
Nick Prillaman Professor 
  of CEE
VPI
Blacksburg, VA 24061

Dr. Novak received his BS and MS 
degrees in Civil Engineering from the 
University of Missouri and Ph.D. in 
Environmental Engineering from the 
University of Washington.  He is a 
licensed P.E. in Missouri and Virginia 
with more than 30 years experience.

Jennifer L. Osgood, 
P.E., BCEE    WW
Project Engineer
CDM
1001 Elm Street
Manchester, NH 03101

Ms. Osgood received her B.S. in Civil 
Engineering from Virginia Tech.  She is 
a licensed P.E. in New Hampshire with 
more than 12 years experience.

Christopher Patackis, 
P.E., BCEE    WW
Environmental Engineer
CDM
2 Penn Center Plaza,  
  1500 JFK #624

 Philadelphia, PA 19102
Mr. Patackis received his B.S. in Envi-
ronmental Engineering from Wilkes 
University and M.S. in Civil Engineering 
from Lehigh University.  He is a licensed 
P.E. in North Carolina with more than 
10 years experience.

James W. Patterson, 
Ph.D., P.E., BCM   WW  
Principal
Patterson Environmental  
  Consultants, Inc.
1996 Rodeo Drive,  

   PO Box 23109
 Silverthorne, CO 80498
Dr. Patterson received his B.S. in Civil 
Engineering and M.S. in Sanitary En-
gineering from Auburn University and 
his Ph.D. in Environmental Engineering 
from the University of Florida.  He has 
more than 35 years experience.

Spyros G. Pavlostathis, 
Ph.D., P.E., BCM  WW
Professor/EE Program  
  Coordinator
Georgia Institute of  
  Technology

 311 Ferst Drive 
 Atlanta, GA 30332-0512
Dr. Pavlostathis received his B.S. in 
Agricultural Engineering from the 
Agricultural University of Greece, his 
M.S. and Ph.D. degrees in Environmen-
tal Engineering from Cornell University.  
He has more than 25 years experience.

Abraham Philip, P.E., 
BCEE  WW
Construction Liaison
CDM
33740 Borel Road
Wichester, CA 92596

Mr. Philip received his B.S. in Mechani-
cal Engineering from CEG, India and 
M.S. degree in Mechanical Engineering 
from CSU, Sacramento.  He is a licensed 
P.E. in California with more than 19 
years experience.

Stanley V. Plante, P.E., 
BCEE    WW
National Practice Leader
CDM
1100 Superior Avenue 
#620 

 Cleveland, OH 44114
Mr. Plante received his B.S. in Civil Engi-
neering from the University of Mary-
land.  He is a licensed P.E. in Virginia 
with more than 21 years experience.

Kent B. Prinn, P.E., 
BCEE    WW
Supervisory  
  Environmental Engineer
US Army Center for  
  HPPM

 5158 Derby Drive
 Fallston, APG, MD 21010
Mr. Prinn received his B.S. in Chemical 
Engineering and M.S. in Environmental 
Management from the University of 
Maryland.  He is a licensed P.E. in Mary-
land with more than 20 years experience.

Lucy B. Pugh, P.E., 
BCEE  WW
Project Engineer
Earth Tech, Inc.
5555 Glenwood Hills  
  Parkway, SE

 Grand Rapids, MI 49512
Ms. Pugh received her B.S. in Environ-
mental Science and M.S. in Civil/Sani-
tary Engineering from the University of 
Michigan.  She is a licensed P.E. Michi-
gan with more than 24 years experience.

Todd K. Reynolds, 
P.E., BCEE    WW  
Senior Associate Engineer
Kennedy Jenks  
  Consultants
622 Folsom Street

 San Francisco, CA 94107 
Mr. Reynolds received his B.S. in 
Nuclear Engineering and M.S. in 
Environmental Engineering from the 
University of California, Berkeley.  He is 
a licensed P.E. in Ohio with more than 
10 years experience.

Peter P. Rogers, Ph.D., 
P.E., BCM  
Professor of City &  
  Regional Planning
Harvard University
116 Pierce Hall

Cambridge, MA 02138
Dr. Rogers received his B.Eng. (with 
Honors) from Liverpool University, his 
M.S. from Northwestern University, and 
his Ph.D. from Harvard University. He 
has more than 40 years of experience. 

James M. Romig, P.E., 
BCEE  HW
Project Manager 
CDM
993 Old Eagle School  
  Road

 Wayne, PA 19087
Mr. Romig received his B.S. in Envi-
ronmental Engineering Technology and 
M.S. in Finance from Temple University.  
He is a licensed P.E. in Pennsylvania 
with more than 15 years experience.
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The Class of
Mark J. Rood, Ph.D., 
P.E., BCM  AP
Ivan Racheff Professor, 
C&EE
University of Illinois at  
  Urbana-Champaign

 205 North Mathews Avenue
 Urbana, IL 61801-2352
Dr. Rood received his B.S. in Environ-
mental Engineering from Illinois Institute 
of Technology and M.S. and Ph.D. 
degrees in Environmental Engineering 
from the University of Washington.  He 
has more than 25 years experience.

Edgar V. Salire, P.E., 
BCEE  SW
Civil/Geotechnical Engineer
US Army Corps of  
  Engineers
333 Market Street, 7th FL

 San Francisco, CA 94105
Mr. Salire received his B.S. in Agricul-
tural Engineering from the University of 
Philippines, M.S. in Civil/Environmental 
from Arizona State University and M.S. 
in Soil Physics from the University of 
Idaho.  He is a licensed P.E. in Hawaii 
and California with more than 20 years 
experience. 

F. Michael Saunders, 
Ph.D., P.E., BCEE  WW
Professor and Associate  
  Chair
Georgia Institute of  
  Technology

 311 Ferst Drive
 Atlanta, GA 30332-0510
Dr. Saunders received his B.S. and M.S. 
degrees from Virginia Tech and Ph.D. 
from the University of Illinois.  He is a 
licensed P.E. in Georgia with more than 
35 years experience.

NO 

PICTURE 

AVAILABLE

John P. Schroeder, 
P.E., BCEE    WW  
Senior Project Manager
CDM
4428 Heather Ridge Drive
Hilliard, OH 43026

Mr. Schroeder received his B.S. in 
Civil Engineering from the University of 
Cincinnati.  He is a licensed P.E. in Ohio 
with more than 14 years experience.

Isik Sebuktekin, P.E., 
BCM    WW
Project Manager
MDEQ
2380 Highway 80 West
Jackson, MS 39204

Mr. Sebuktekin received his B.S. in Civil 
Engineering from Istanbul Technical 
University and M.S. in Civil Engineering 
from Louisiana State University.  He has 
more than 18  years experience.

Joe D. Shannon, P.E., 
BCEE  WW  
Vice President
CDM
777 Taylor Street #1050
Fort Worth, TX 76102

Mr. Shannon received his B.S. and 
M.S. degrees in Civil Engineering from 
Texas A&M University.  He is a licensed 
P.E. in Texas with more than 24 years 
experience.

Daniel P. Sheehan, 
P.E., BCEE  HW
Senior Associate
Malcolm Pirnie, Inc.
824 Market Street #820
Wilmington, DE 19801

Mr. Sheehan received his B.S. in Civil 
Engineering from Johns Hopkins Uni-
versity.  He is a licensed P.E. in Delaware 
with more than 21 years experience.

JoAnn Silverstein, 
Ph.D., P.E., BCEE  WW
Professor & Chair
Department of Civil &  
  Environmental Engineering
University of Colorado

 Boulder, CO 80309-0428
Dr. Silverstein received her BA in 
Psychology from Stanford Univer-
sity and BS, MS and Ph.D. degrees in 
Civil Engineering from the University of 
California, Davis.  She is a licensed P.E. 
in Colorado with more than 25 years 
experience.

Udai P. Singh, Ph.D., 
P.E., BCM  HW
Vice President/Senior 
Program Manager
CH2M Hill
155 Grand Avenue,  

   Suite 1000
 Oakland, CA 94612
Dr. Singh received his MS in Water 
Resources Engineering from Clemson 
University and D.Eng. In Environmen-
tal Engineering from the University of 
Florida.  He has more than 32 years 
experience.

Mitchell J. Small, 
Ph.D., P.E., BCM
Professor, CEE  
  Departments
Carnegie-Mellon  
  University

 5000 Forbes Avenue
 Pittsburgh, PA 15212-3890
Dr. Small received his BS in Civil 
Engineering and Public Affairs from 
Carnegie-Mellon University and MS 
and PhD. Degrees in Environmental and 
Water Resources Engineering from the 
University of Michigan.  He has more 
than 30 years experience.

NO 

PICTURE 

AVAILABLE

Fareidoon Soroushian, 
P.E., BCEE    WW  
Project Manager/Process 
   Engineer
CH2M Hill
3 Hutton Center Drive  

   #200
 Santa Ana, CA 92707
Mr. Soroushian received his B.S. in Civil 
Engineering from California State Uni-
versity and M.S. degree in Civil/Environ-
mental from the University of California, 
Davis.  He is a licensed P.E. in California 
with more than 24 years experience.

Bruce E. Soule, P.E., 
BCEE    WW
Principal
CDM
50 Hampshire Street
Cambridge, MA 02139

Mr. Soule received his B.S. in Civil Engi-
neering the University of Massachusetts.  
He is a licensed P.E. in Maine with more 
than 34 years experience.

Paramasivam T. 
Srinivasan, Ph.D., P.E., 
BCEE  HW
Asst. Environ. Engineer
MWRD of Greater Chicago
111 East Erie Street #1000

 Chicago, IL 60601
Dr. Srinivasan received his B.S. in Civil 
Engineering from Madurai Kamaraj Uni-
versity, India, M.S. in Environmental En-
gineering from Anna University, India and 
Ph.D. in Engineering from the University 
of Regina, Canada.  He is a licensed P.E. 
in Illinois and Canada with more than 16 
years experience.

Edward J. St. John, 
P.E., BCEE  WW
Project Manager 
CDM
1100 Superior Avenue 
#620

 Cleveland, OH 44114
Mr. St. John received his B.S. in Civil 
Engineering from Case Western Reserve 
University.  He is a licensed P.E. in Ohio 
with more than 10 years experience.

Michael S. Switzenbaum, 
Ph.D., P.E., BCM  WW
Professor & Department  
   Chair
Marquette University
1515 Wisconsin Avenue

 Milwaukee, WI 53233
Dr. Switzenbaum received his B.S. in 
Environmental Engineering from Johns 
Hopkins University. He has more than 
24 years experience.

David J. Tanzi, P.E., 
BCEE  WW
Project Manager
CDM
Raritan Plaza I, Raritan  
  Center

 Edison, NJ 08818
Mr. Tanzi received his B.S. in Civil 
Engineering and M.S. in Environmental 
Engineering  from Stevens Institute of 
Technology.  He is a licensed P.E. in New 
Jersey and Pennsylvania with more than 
8 years experience.

Robert G. Tedeschi, 
P.E., BCEE  WW
Senior Project Manager
Maguire Group Inc.
1 Court Street
New Briton, CT 06051

Mr. Tedeschi received his B.S. in 
Environmental Engineering from the 
University of Connecticut, Storrs and 
M.S. in Environmental Engineering from 
the University of New Haven.  He is a 
licensed P.E. in Connecticut with more 
than 18 years experience.

L. Russell Trice, P.E., 
BCEE  WW  
Senior Associate
The Alaimo Group
200 High Street
Mount Holly, NJ 08060

Mr. Trice received his B.S. in Civil 
Engineering from Drexel University and 
M.S. degree in Environmental Engineer-
ing from Penn State University.  He is a 
licensed P.E. in Pennsylvania with more 
than 25 years experience.

Matthew T. Valade, 
P.E., BCEE  WW
Associate
Hazen and Sawyer, P.C.
498 Seventh Avenue
New York, NY 10018

Mr. Valade received his B.S. in Civil/
Mechanical Engineering and M.S. in 
Engineering from the University of Mas-
sachusetts Amherst.  He is a licensed P.E. 
in New York with more than 10 years 
experience.

Mark A. Van Nostrand, 
P.E., BCEE    WW  
Senior Project Engineer
City of Englewood
2900 South Platte River  
  Drive

 Englewood, CO 80110
Mr. Van Nostrand received his B.S. in 
Civil Engineering from Oregon State 
University.  He is a licensed P.E. in Colo-
rado with more than 21 years experience.
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John T. Wall, Jr., P.E., 
BCEE  AP
Environmental Engineer II
MDEQ
2380 Highway 80 West
Jackson, MS 39204

Mr. Wall received his B.S. in CHE from 
the University of Alabama and M.S. 
in Civil Engineering from Mississippi 
State University.  He is a licensed P.E. 
in Mississippi with more than 19 years 
experience.

A. Scott Weber, Ph.D., 
P.E., BCM
Professor/Chair, CEE
University at Buffalo,  
  SUNY
212 Ketter Hall

 Buffalo, NY 14260
Dr. Weber received his BS in Civil 
Engineering and MS in Sanitary Engi-
neering from Virginia Tech and Ph.D. in 
Civil Engineering from the University of 
California, Davis.  He has more than 26 
years experience.

Wendy A. Wert, P.E., 
BCEE  WW 
Environmental Engineer
LASAN
1955 Workman Mill Road
Whittier, CA 90601

Ms. Wert received her B.S. in Envi-
ronmental Engineering and M.S. in 
Civil Engineering from the University of 
Central Florida.  She is a licensed P.E. in 
Pennsylvania and California with more 
than 8 years experience.

Katherine M. Whittington,  
P.E., BCEE  WW  
Environmental Engineer 
III
MDEQ
PO Box 10385

 Jackson, MS 39289-0385
Ms. Whittington received her B.S. in 
Civil Engineering and M.S. in Environ-
mental Engineering from the University 
of Alabama.  She is a licensed P.E. in 
Mississippi with more than 8 years 
experience.

Laurence A. Willett, 
P.E., BCEE  HW
Division Manager
Condor Earth  
  Technologies, Inc.
188 Frank West Circle,  

   Suite I
 Stockton, CA 95206
Mr. Willett received his B.S. in Civil 
Engineering from South Dakota School 
of Mines and M.S. in Environmental 
Management from the University of 
San Francisco.  He is a licensed P.E. 
in California with more than 21 years 
experience.

Jay R. Witherspoon, 
P.E., BCM   WW
Vice President & Fellow  
  Technologist
CH2M Hill
1100 112th Avenue, NE

 Bellevue, WA 98004-2050
Mr. Witherspoon received his B.S. in 
Chemical Engineering from the Univer-
sity of Colorado and M.S. in Chemical 
Engineering from the University of 
California, Santa Barbara.  He has  more 
than 25 years experience.

Allen D. Woelke, P.E., 
BCEE  WW
Vice President
CDM
12357-A Riata Trace  
   Parkway #210

 Austin, TX 78727
Mr. Woelke received his B.S. in Civil En-
gineering and M.S. in Environmental En-
gineering from the University of Texas 
at Austin.  He is a licensed P.E. in Texas 
with more than 26 years experience.

Kevin D. Yard, P.E., 
BCEE  SW
Vice President & Office  
  Director
SCS Engineers
1901 Central Drive, Suite 

   550
 Bedford, TX 76021
Mr. Yard received his B.S. in Civil Engi-
neering from the University of Pittsburgh 
and M.Eng. degree in Environmental 
Engineering from Penn State University.  
He is a licensed P.E. in Pennsylvania 
and Texas with more than 35 years 
experience.

Patrick W. Zaharako, 
P.E., BCEE    WW
Project Manager 
Commonwealth  
  Engineers, Inc.
7256 Company Drive

 Indianapolis, IN 46237
Mr. Zaharako received his B.S. in Civil 
Engineering from Rose-Hulman Institute 
of Technology.  He is a licensed P.E. in 
Indiana with more than 13 years experi-
ence.

Matthew J. Zenker, 
Ph.D., P.E., BCEE  HW
Environmental Engineer
The RETEC Group
2000 Perimeter Park Drive 
#160

 Morrisville, NC 27560
Dr. Zenker received his B.S. in Civil En-
gineering from Virginia Military Institute 
and M.S. and Ph.D. degrees in Civil 
Engineering from North Carolina State 
University, Raleigh.  He is a licensed P.E. 
in North Carolina with more than 11 
years experience.

Hong W. Zhao, Ph.D., 
P.E., BCEE  WW  
Senior Process Engineer
Kruger, Inc.
401 Harrison Oaks Blvd.
Cary, NC 27606

Dr. Zhao received his B.S. in Environ-
mental Engineering from Tsinghua 
University, Beijing, China, his M.S. in 
Environmental Engineering from the 
University of Regina, Canada and Ph.D. 
in Environmental Engineering from the 
University of British Columbia.  He is a 
licensed P.E. in Ohio with more than 12 
years experience.
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Better Yourself and Your Profession. Get certified and become part of a growing international 
community that recognizes the importance of meeting standards of environmental practice.   

Today, more than ever, you need to stay one step ahead.  A Qualified Environmental Professional (QEP) Certification can 
increase your marketability, and signals a strong and continuing commitment to applied environmental science and adherence 
to a strict code of ethics.  QEP is an independent, international, and interdisciplinary, board-certification credential that allows 
environmental professionals like you to demonstrate the breadth and depth of their knowledge and experience.   

To learn more, please visit our web site at http://www.ipep.org or contact us at ipep.duq.edu

Institute of Professional  
Environmental Practice

QEP CERTIFICATION 
RAISING THE PROFESSIONAL 

STANDARDS

Advertise to the Profession!
With the readership representing a wide range of environmental engineers from leaders of consult-
ing firms to government agencies, educators and students, the Environmental Engineer is an excellent 
resource for advertising directly to others in the industry.  For information on issue availability and 
rates, call Academy headquarters at 410-266-3311. 
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APPLICATION OF THE MEMBRANE INTERFACE PROBE (MIP) TO 
DELINEATE SUBSURFACE DNAPL CONTAMINATION
Michael Ravella, R. Joseph Fiacco, Jr.,  Jeffrey Frazier, Duane Wanty,  
and Louis Burkhardt ................................................................................................................ 26

CHALLENGES TO IMPLEMENTING DRINKING WATER TECHNOLOGIES  
IN DEVELOPING WORLD COUNTRIES
David R. Hokanson, P.E., Qiong Zhang, Joshua R. Cowden, Alexis M. Troschinetz,  
James R. Mihelcic, and Dana M. Johnson .............................................................................. 31
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The Academy is pleased to launch a new section of Environ-
mental Engineer, focused on applied research and practice in envi-
ronmental engineering.  The Academy Publications Committee 
recognized the need for a peer reviewed publication focused on 
practical research and useful case studies related to environmental 
engineering. The Academy Board concurred, an editorial board 
was formed and papers were solicited.  Our first two original 
papers are included in this issue.

 Many archival engineering journals emphasize fundamental 
research and view reports on successful engineering projects as 
inappropriate for peer reviewed publication.  On the contrary, the 
Applied Research and Practice Section of Environmental Engineer 
encourages publication of useful reports and applied research with 
an emphasis on technical, real-world detail.  Quality is ensured by 
peer review and by an Editorial Board of experienced practitioners 
and educators.  

It should be pointed out that the Academy is not alone in 
recognition of the need for a more practice-oriented publication 
related to environmental engineering.  The International Water 
Association recently launched a new online journal titled Water 
Practice & Technology, and the Water Environment Federation plans to 
start a new journal titled Water Practice.  We intend that Environmental 
Engineer: Applied Research and Practice focus will transcend water to 
include multi-media and professional issues as well.

The Editorial Board encourages submission of papers focused 
on practical research and useful case studies related to environmen-
tal engineering.  Practical “know-how” reports, interesting designs, 
and evaluations of engineering processes and systems are examples 
of appropriate topics.  Manuscripts should follow the general 
requirements of the ASCE authors guide (http://www.pubs.asce.
org/authors/index.html#1) and should be submitted electronically 
in WORD format to:  C. Robert Baillod, Editor, Environmental En-
gineer: Applied Research and Practice, baillod@mtu.edu.  The Editorial 
Board strives for prompt review and publication.

Editorial Board:

C. Robert Baillod, Ph.D., P.E., BCEE, Editor and Chair
Professor, Michigan Technological  University 

Angela R. Bielefeldt Ph.D., P.E. 
Associate Professor, University of Colorado

Paul L. Bishop, Ph.D., P.E., BCEE 
Associate Dean of Engineering
University of Cincinnati

William C. Boyle, Ph.D., P.E., BCEE 
Emeritus Professor 
University of Wisconsin-Madison

Brian P. Flynn, M.S., P.E., BCEE 
Principal, MRE Inc.

Michael C. Kavanaugh, Ph.D., P.E., BCEE (NAE) 
Vice President, Malcolm Pirnie Inc.

Dianna S. Kocurek, M.S., P.E., BCEE 
Partner, Tischler-Kocurek

Cecil Lue-Hing, Ph.D., P.E., BCEE (NAE) 
Director, R&D, Cecil Lue-Hing & Associates

Albert B. Pincince, Ph.D., P.E., BCEE 
Senior Vice President, CDM

Timothy G. Shea, Ph.D., P.E., BCEE
Principal Technologist, CH2M-Hill

Richard  P. Watson, M.S., P.E., BCEE
Chief Engineer, Delaware Solid Waste Authority
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PURPOSE AND SCOPE  
Environmental Engineer: Applied Research and Practice, is a peer-re-
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ABSTRACT
Definition of source and plume architecture 
at heterogeneous and homogeneous dense 
non-aqueous phase liquid (DNAPL) sites 
is highly complex and requires a detailed 
characterization approach.  The membrane 
interface probe (MIP) can be used at many 
sites to perform cost-effective, detailed 
investigations.  The MIP is a commercially 
available tool that has been described by 
the manufacturer as a semi-quantitative 
tool, by others as a quantitative tool, and 
yet others as a qualitative tool. A variety 
of methods have been used in an attempt 
to establish correlations between MIP data 
and environmental media concentration 
data. Application of a spatial correlation 
approach at two sites resulted in the devel-
opment of semi-quantitative relationships 
between MIP data and environmental 
media concentration data, which were used 
to define volumes of impacted media that 
exceed applicable regulatory thresholds. 

INTRODUCTION
Recent research has demonstrated that the 
distribution of chlorinated solvents present as 
dense non-aqueous phase liquid (DNAPL), 
diffused or sorbed contaminant mass, and 
resultant dissolved-phase contaminant 
plumes in both homogenous and heteroge-
neous geologic media are highly complex, 
and require detailed characterization for 
adequate definition (e.g., Guilbeault et al., 
2005; Chapman and Parker, 2005). Such 
research was conducted using highly detailed 
sampling and analysis schemes, which are 
not commonly employed by environmental 
practitioners. However, relatively innova-

tive commercial technologies, such as the 
membrane interface probe (MIP, U.S. Patent 
Number 5,639,956), make it possible to 
conduct similarly detailed investigations at 
less cost.

The MIP is a direct-push, real-time, 
direct-sensing tool that provides near-con-
tinuous data on the distribution of volatile 
organic compounds (VOCs) in the subsur-
face (Christy, 1996). It was introduced in 
1986 and is sold and distributed solely by 
Geoprobe® Systems of Salina, Kansas. The 
MIP consists of a semi-permeable polytet-
rafluoroethene membrane impregnated into 
a stainless steel screen, which is set into 
a steel block that is heated electrically to 
approximately 100 to 120 degrees Celsius 
(°C) (Geoprobe®, 2005). The heated block 
accelerates diffusion of VOCs present in 
the soil and/or groundwater through the 
membrane under a concentration gradi-
ent. Compounds the size of naphthalene 
and larger do not readily pass through 
the membrane and cannot be detected. 
Once a compound has passed through the 
membrane it is picked up by a carrier gas 
(e.g., nitrogen) that flows at a constant rate 
of about 35 to 45 milliliters per minute 
(mL/min). The gas carries the VOCs up a 
trunk line to the surface (travel time varies 
from 40 to 60 seconds in a 100 foot trunk 
line) where it passes through one or more 
serial detectors. 

A variety of detectors can be em-
ployed, including a photoionization detector 
(PID) to measure aromatic compounds 
(e.g., benzene, toluene, ethylbenzene, xy-
lenes), an electron capture detector (ECD) 
to measure chlorinated compounds (e.g., 

tetrachloroethene (PCE), trichloroethene 
(TCE) 1,1,1-trichloroethane (TCA)), and a 
flame ionization detector (FID) to measure 
straight chain hydrocarbons (e.g., methane) 
and elevated concentrations of some chlo-
rinated compounds. Results are reported as 
detector response in microvolts (uV) and 
represent relative total VOC concentra-
tions (Figure 1). A variety of factors can 
affect the detector responses. These factors 
include the type of chlorinated VOC (e.g., 
TCE v. TCA), geologic conditions, (e.g., 
grain size and degree of saturation), and 
tool-related issues (e.g., the amount of wear 
on the membrane).

In general, PCE and TCE must be 
present at concentrations greater than or 
equal to approximately 200 micrograms per 
liter (ug/L) in groundwater to be detected 
by the MIP ECD. The PID and FID detect 
chlorinated VOCs present at higher concen-
trations than the ECD. The MIP PID has a 
10.0 electron volt (eV) lamp, which will not 
detect most chlorinated ethanes (e.g. TCA) 
and methanes (e.g. carbon tetrachloride), 
which have higher ionization potentials.  
Therefore, it is necessary to use an FID to 
characterize sites impacted by chlorinated 
ethanes and methanes at concentrations 
beyond the range of the ECD.  Because the 
concentration range for detecting chlori-
nated VOCs using the ECD overlaps with 
those for the PID and FID, it is possible 
to evaluate both source areas and plumes 
at most chlorinated solvent sites using the 
MIP and multiple detectors. However, it 
is not possible to detect most compounds 
at concentrations corresponding to their 
Federal Drinking Water Standards. 

APPLICATION OF THE MEMBRANE INTERFACE PROBE (MIP) 
TO DELINEATE SUBSURFACE DNAPL CONTAMINATION 

Michael Ravella1, R. Joseph Fiacco, Jr.1, Jeffrey Frazier2, Duane Wanty3, and Louis Burkhardt4

Environmental Resources Management, Boston, Massachusetts1 and Charlotte, North Carolina2; Intensol, Hingham, 
Massachusetts3; Raytheon Company, Billerica, Massachusetts4



Winter 2007   Environmental Engineer:  Applied Research and Practice    27

In addition to the membrane and heater, 
typical MIP systems also include an electri-
cal conductivity (EC) dipole array at the tip 
of the probe. The EC dipole array measures 
the electrical conductance of the soil and 
any fluids in the soil in units of milliSiemens 
per meter (mS/m). Figure 1 shows MIP EC, 
PID, and ECD profiles from a site underlain 
by inter-bedded sand and silt, and illustrates 
how these profiles can be interpreted to gain 
information on geological characteristics and 
contaminant distribution (both hydrocarbon 
and chlorinated VOCs). By understanding 
the variability in electrical properties of vari-
ous geologic media, the electrical conduc-
tivity log can provide a good indication of 
stratigraphic changes in many environments 
(Schulmeister et al., 2003). However, inter-
ferences may render EC data interpretation 
challenging (e.g., groundwater exhibiting 
high electrical conductivity). At some sites, 
the electrical properties of geologic units 
may be too similar to decipher one unit from 
another using EC data. 

Generally the MIP is advanced using a 
direct-push drill rig at a rate of one foot per 
minute (ft/min). When necessary, borehole 
advancement is halted every foot to allow 
the heater plate to achieve the optimal 
temperature range (i.e., 100 to 120 °C). 
Detector response and electrical conductiv-
ity data are recorded continuously and are 
viewable in real-time. The MIP is effective 
in evaluating both vadose and saturated 
zones in unconsolidated porous media, and 
can collect up to 300 vertical feet of data in 
a day (i.e., depending on geologic condi-

tions, borehole depths and work schedules). 
In essence, this represents collection of 
VOC data for up to 300 discrete-interval 
environmental media samples in a single 
day. Collection of 300 discrete-interval soil 
samples for laboratory analysis of VOCs 
using traditional drilling methods would be 
extremely cost prohibitive (approximately 
17 times more expensive than one day of 
MIP). Thus, the MIP is an excellent tool 
for rapidly locating and defining source 
areas and dissolved-phase chlorinated VOC 
plumes down to the lower detection limit 
for ECD in the carrier gas samples. 

Data generated by the MIP can be 
used to develop a three-dimensional image 
of subsurface conditions. Figure 2 shows a 
three-dimensional distribution of DNAPL 
contamination and silt lenses developed 
from MIP EC, ECD and PID data. These 
spatial representations are particularly 
valuable when designing in situ remedia-
tion programs, where remedial additives 
(e.g., permanganate, zero valent iron (ZVI) 
or carbon substrates) are injected into 
and/or around zones of contaminant mass 
to effect treatment. 

FIGURE 1  MIP log showing how: (1) EC data are used to interpret geologic heterogeneities; (2) PID and ECD data are used to differentiate 
between aromatic and chlorinated hydrocarbon contamination (Site 2).

Figure 2.  Three-dimensional image showing TCE distribution identified using MIP ECD/PID data 
relative to the location of silt lenses identified using MIP EC data within a heterogeneous sand 
and silt source (Site 2).
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BACKGROUND
Geoprobe® (2005) markets the MIP as 
a “screening tool with semi-quantitative 
capabilities acting as an interface between 
contaminates in the subsurface and gas 
phase detectors at the surface.” However, 

given the detailed nature of the data, it is 
tempting to try to quantify the MIP detec-
tor results. This has been attempted in two 
ways: (1) linear regression and (2) visual 
correlation of MIP detector data with envi-
ronmental media concentration data.

Costanza and Davis (2000) coupled 
the MIP with a cone penetrometer (CPT) 
and ion-trap spectrometer (ITS) to develop 
the Site Characterization and Analysis 
Penetrometer System (SCAPS) in an at-
tempt to quantify MIP detector data. The 
results of this study indicated that soil type 
and degree of saturation affect the ability to 
quantify the MIP detector results.  Myers 
et al. (2002) conducted further tests with 
the SCAPS system, which indicated that 
strong correlations could be developed 
between MIP detector and saturated soil 
VOC concentration data (R2 of 0.95). How-
ever, similarly strong correlations could not 
be developed with vadose zone soil VOC 
concentrations (R2 of 0.60). They also 
found that stronger correlations could be 
made in sand matrix material than in other 
soil types. Costanza et al. (2002) indicated 
that, in addition to soil type and degree of 
saturation, groundwater temperature and 
exterior gas pressure are important physical 
factors that affect MIP response. Costanza 
(2002) and Heinze and DiGuiseppi (2002) 
concur that the MIP should be used as a 
qualitative tool.

Griffen and Watson (2002) used the 
MIP to define the presence or absence of 
DNAPL by calibrating the MIP with pure 
1,1,2 trichloro-1,2,2 trifluoroethane (Freon 
113) and using the recorded response as 
an indicator of the presence of DNAPL.  
Confirmatory soil samples collected during 
their study indicated that the MIP can 
identify DNAPL in the subsurface using 
this approach.  Effectively, definition of 
DNAPL is semi-quantitative in nature, 
given that it does not produce a quantifi-
able contaminant concentration.

CASE STUDIES AT TWO SITES
An alternative approach involves spatial 
correlation of MIP detector data with en-
vironmental media concentration data, an 
approach referred to as a collaborative data 
set. Typically, this approach uses the MIP 
to generate a detailed three-dimensional 
data set followed by collection of a limited 
number of strategically located discrete-
interval soil and/or groundwater samples 
for laboratory analysis of VOCs. These 
datasets are then compared using graphical 
overlays (i.e., plan view and/or cross-sec-
tional iso-concentration maps) and visual 
correlation of the results.  This approach 

FIGURE 3. Site 1: linear regression of PCE concentrations in vadose zone soil vs. MIP ECD.

FIGURE 4. Site 1: plan view figure showing MIP ECD contours and soil boring PCE results 
(regulatory criteria = 1,000 ug/kg). 
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can be used to convert MIP detector 
data to approximate soil or groundwater 
concentrations.  This approach was used 
at two sites to develop a semi-quantitative 
relationship between MIP and environmen-
tal media data.

SITE 1
Site 1 is impacted by PCE in glacial till. 
Because the compact nature of the till pre-
vented advancement of the MIP beyond 
18 feet in depth, this investigation focused 
on identification and definition of PCE 

source areas within the vadose and shallow 
saturated zones. A total of 46 MIP borings 
were advanced across the site. Following 
the MIP investigation, 14 discrete-interval 
soil samples were collected from locations 
and depth intervals based on the results 
of the MIP investigation, and submitted 
for laboratory analysis of VOCs by EPA 
Method 8260B/5035, including PCE. Soil 
samples were collected using direct-push 
drilling methods, and were field screened 
using a PID and the jar-headspace method 
(Massachusetts Department of Envi-
ronmental Protection, 1991). The field 
screening data were used to identify zones 
of elevated VOC concentrations and the 
soil samples were selected for analysis 
based on the field screening results. The 
depths of the soil samples were consistent 
with or similar to the depths at which se-
lected MIP readings were taken. The field 
screening helped to minimize the potential 
for collecting confirmation soil samples 
from improper depth intervals, given the 
potential for soil compaction during bore-
hole advancement and/or soil loss during 
sample retrieval. 

Figure 3 presents a linear regression of 
PCE concentrations in vadose zone soil vs. 
MIP ECD response.  This figure depicts a 
poor correlation between PCE concentra-
tions in vadose zone soil and MIP ECD 
data, particularly at the low end of the soil 
concentration scale.  In addition, the high-
resolution MIP data were plotted in plan 
view and cross section, and compared with 
VOC concentration data for vadose zone 
soil. Figure 4 presents the results of the 
visual correlation of plan view MIP and va-
dose zone soil concentration data for a por-
tion of the site. It is apparent that all seven 
points with PCE concentrations above the 
regulatory limit fell within the envelope en-
closed by the 10 v ECD contour, and four 
of the seven points with PCE levels below 
the regulatory standard fell outside the 10 v 
ECD contour.

SITE 2
Site 2 is impacted by TCE in saturated, 
inter-bedded, sands and silts. A total of 43 
MIP borings were advanced at the site. Fol-
lowing the MIP investigation, discrete-in-
terval groundwater samples were collected 
using a modified Waterloo Profiler (Pitkin 
et al., 1999 and Cho et al., 2004) from 

FIGURE 5. Site 2: linear regression of TCE concentrations in groundwater vs. MIP PID.

FIGURE 6. Site 2: plan view figure showing MIP PID contours and groundwater TCE results 
(target criteria = 1,000 ug/L).
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17 locations at depth intervals based on 
the results of the MIP investigation, and 
submitted for laboratory analysis of VOCs 
using a field gas chromatograph and mass 
spectrometer (GC/MS).  

Figure 5 presents a linear regression 
of TCE concentrations in groundwater vs. 
MIP PID response.  This figure depicts a 
poor correlation between TCE concentra-
tions in groundwater and MIP PID data.  
In addition, the high-resolution MIP data 
were plotted in plan view and cross sec-
tion, and compared with VOC concentra-
tion data for discrete-interval groundwater 
samples. Figure 6 presents the results of 
the visual correlation of plan view MIP 
and groundwater concentration data for 
the site. Of the 12 locations falling within 
the 0.1 v contour, eight had TCE con-
centrations above the target limit of 1000 
ug/l and all of the locations falling outside 
of the 0.1 v contour had concentrations 
below the regulatory limit.

DISCUSSION
The inexact correlation between MIP data 
and actual soil and/or groundwater data is 
likely caused by one or more of the follow-
ing issues:

• highly heterogeneous distribution 
of chlorinated solvents in soil and 
groundwater;

• differences in soil type;
• variable subsurface temperatures 

and down hole pressures;
• the MIP measures separate-phase, 

sorbed-phase, dissolved-phase, and 
gaseous-phase VOCs, whereas soil 
and groundwater sampling tech-
niques can only effectively measure 
a sub-set of these contaminant 
phases;

• burn off from the MIP after it 
passed through a high VOC con-
centration interval;

• variability in MIP response due to 
membrane wear; and/or

• various issues associated with collec-
tion of discrete-interval soil samples 
(e.g. friction loss of VOCs, sample 
compaction, sample loss, sample 
handling and collection methods).

Even though the correlation was 
inexact, the MIP data generated at the 
two sites described above were useful 
for delineating areas of soil and ground-

water contamination.  At Site 1, all soil 
samples that exceeded regulatory criteria 
(i.e., 1,000 ug/kg) fell within the 10 volt 
(V) MIP ECD contour.  At Site 2, all 
groundwater samples that exceeded a 
target concentration (i.e., 1,000 ug/L) fell 
within the 0.1 V MIP PID contour. Some 
confirmatory samples within the respective 
contours contained the target compound 
at concentrations below the target criteria, 
but no confirmatory samples outside the 
respective contours exceeded the target 
criteria.  In these cases, the 10V (ECD) 
and 0.1V (PID) contours were used to 
conservatively delineate impacts to soil and 
groundwater relative to target criteria, and 
to estimate remediation volumes at Sites 1 
and 2, respectively.     

CONCLUSION
High resolution MIP data can be used 
with a limited number of laboratory soil 
or groundwater sample analytical data to 
delineate volumes of soil and groundwater 
impacted by DNAPL and other VOC con-
tamination.   This approach is considerably 
more cost-effective than relying solely on 
traditional investigation methods and high 
resolution laboratory analytical data.
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CHALLENGES TO IMPLEMENTING DRINKING WATER 
TECHNOLOGIES IN DEVELOPING WORLD COUNTRIES

David R. Hokanson, P.E.1, Qiong Zhang2, Joshua R. Cowden3, Alexis M. Troschinetz4, James R. Mihelcic5, 
and Dana M. Johnson6

ABSTRACT
Access to a sufficient quantity of high qual-
ity water is important for improving health 
and economic livelihood of people resid-
ing in developing countries. The purpose 
of this paper is to identify some of the 
technical, economic, and social barriers to 
implementing drinking water technologies 
in these countries. The intent is to provide 
guidance to practitioners regarding the bar-
riers and to assist development of strategies 
for successful implementation. Four repre-
sentative regions and six water purification 
technologies were selected for this study. 
Information on engineering attributes and 
cost for these technologies were collected 
and evaluated. A survey of U.S. Peace 
Corps Volunteers was conducted to under-
stand current practice in developing world 
countries.  Successful implementation of 
technology in developing world countries 
requires it be culturally and economically 
appropriate. Also, it is very important to 
provide water and sanitation education to 
local communities before implementing 
the technologies so families understand the 
interaction between clean water, sanitation, 
and improved health.

INTRODUCTION
By one measure, nearly two billion people 
currently suffer from severe water scarcity-
a number that will climb to three billion 
by 2025 and in the next two decades, 20% 
of water scarcity issues will be directly as-
sociated with the effects of climate change 
(Vorosmarty et al. 2000).  Other “global 
change” issues that impact water avail-
ability and quality are urbanization and 
population growth.  Urbanization is one of 

the critical global trends shaping the future. 
Currently, 150,000 people are added to 
urban populations in developing countries 
every day and by 2025, it is estimated that 
two-thirds of the world’s people will live 
in cities. In contrast, only one third of the 
world’s population was urban 35 years ago. 

The World Health Organization 
(WHO) reports that 1.1 billion people lack 
access to improved water sources.  Target 10 
of Goal 7 of the Millennium Development 
Goals aims to halve “by 2015, the propor-
tions of people without sustainable access 
to safe drinking water.”  For people living 
in poverty, illness and disability translate 
directly into devastating economic hardship.  
Approximately half of the environmental 
risk for people living in the developing 
world is from unsafe water, sanitation, and 
hygiene (Mihelcic et al. 2006).  The effects 
of ill health have significant ramifications 
at the macroeconomic scale as well.  For 
instance, a significant portion of Africa’s 
economic shortfall may be attributed to 
climate and disease burden (WHO, 2001).  

This paper is based on a project under-
taken to evaluate the technological, social, 
economic and business aspects of supplying 
water purification technologies to rural and 
peri-urban areas of less developed coun-
tries.  The study was broken down into 
two aspects: (1) technological, economic, 
and social evaluation of drinking water 
technologies for developing countries and 
(2) evaluation of the business attractiveness 
of supplying drinking water technologies 
for developing countries.

The paper focuses on the technologi-
cal, economic, and social barriers.  Issues 
considered include engineering attributes, 

power and knowledge requirements, and 
the need for community “buy-in” to the 
technology. Recommendations are made 
for what is necessary for the successful 
implementation of “appropriate technol-
ogy” in developing world countries.

METHODOLOGY

Preliminary Evaluation of Technologies
Waterborne diseases cause severe health 
problems, for example, approximately 
2.2 million people, mostly children under 
the age of five, die each year because of 
diarrhea.  Bacteria and viruses causing 
the waterborne diseases are typically the 
primary contaminants to be removed in the 
regions addressed by this study. Therefore, 
for preliminary evaluation of technologies, 
two criteria are established in this study: 
1) the technology should have disinfection 
capability to remove or inactivate micro-
biological contaminants; 2) the technology 
should be applicable to domestic use in 
rural, small communities. Water purifica-
tion technologies available were listed and 
pre-selected based on the above criteria.

Screening of Technologies
Twenty purification technologies (not 
shown here) were first screened for their 
disinfection capability and application for 
domestic use. Engineering attributes con-
sidered were: 

• Source water requirements
• Pretreatment requirements 
• Life of technologies
• Treatment efficiencies
• Operation/maintenance require-

ments (power, labor, materials, 
knowledge)
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Each of these attributes is relevant 
to feasibility of implementing a given 
technology in rural and peri-urban areas 
of developing countries. For example, a 
technology may not be technically feasible if 
it is effective for low turbidity water and the 
available source water is highly turbid.  For 
rural areas where neither fuel nor electricity 
is readily available (or reliable), technology 
with large power requirements is not ap-
propriate.  Technologies such as distillation 
and demineralization, electrolysis and vapor 
compression were screened out because 
they are primarily applied in industrial 
use and have high power requirements. 
For example, electrolysis is used during 
manufacture of hydrogen. For domestic uses 
this technology is applied for extracting 
chlorine from sodium chloride brine instead 
of directly purifying water. Currently, vapor 
compression technology is primarily used 
by the pharmaceutical industry, bottled 
water industry, and for water desalination.  
Ozonation and lime softening were not con-
sidered for future investigation because both 
technologies are not very effective pathogen 
inactivators with ozonation used primarily 
for pre-disinfection and lime softening used 
primarily for water softening. 

Survey of US Peace Corps Volunteers 
Michigan Technological University’s 
(Michigan Tech’s) Master’s International 
program in Civil and Environmental 
Engineering provided an opportunity to 
gather case-specific information on water 
purification technology in the developing 
world.  Through this program, Michigan 
Tech graduate students have the opportu-
nity to combine graduate studies with 2+ 
years of engineering service in the U.S. 
Peace Corps, and use their Peace Corps 
training and service as part of their course 
and research requirements.  A survey was 
distributed via email to Peace Corps volun-
teers (PCVs) affiliated with the Michigan 
Tech Master’s International Program in 
Civil and Environmental Engineering. 
Surveys were distributed to a total of thirty-
one current and returned PCVs. Sixteen 
surveys were returned representing eight 
countries. Key survey questions requested 
a description of the technology in use in a 
given country; power requirements; costs 

of the technology (capital, O&M); sources 
of funding to purchase the technology 
(local, World Bank, NGOs); information 
on operators (who, how many); cost for 
purified water use (per household, per liter, 
etc.); an assessment whether the technology 
is “appropriate”; designation of the locale 
as urban, peri-urban, or rural; information 
on the source water (groundwater, sur-
face water, or both); and a description of 
common waterborne diseases encountered 
before implementation of water purification 
technology (or currently if no technology is 
in place).

Selection of Technologies
Based on the selection criteria described 
above, on the results of the Peace Corps 
Volunteer Survey, and on the attributes of 
the technologies, the following six tech-
nologies were selected for further investiga-
tion:

• Media Filtration (sand filtration)
• Reverse Osmosis (RO)
• Membrane Filtration
• Chemical Disinfection by Chlorine 

Bleach or Hypochlorite
• Ultraviolet Radiation (UV)
• Flocculation/Coagulation plus Sedi-

mentation (or filtration)
Table 1 summarizes the engineering 

attributes and typical cost ranges for each 
selected technology.  The selected technolo-
gies have the capability to remove or inac-
tivate pathogens and are primarily applied 
for water treatment prior to domestic use. 
Sand filtration, chlorine disinfection and 
flocculation/coagulation plus sedimentation 
represent current practice in developing 
countries based on results from the survey 
of Peace Corp Volunteers and information 
obtained from several non-governmental 
organizations (NGOs). Reverse osmo-
sis, membrane filtration and ultraviolet 
radiation are technologies less frequently 
implemented in developing countries.

Representative Community Size
For the selected technologies, a community 
with a population of 1,000 people was se-
lected as a reasonable size because the com-
mon population of the communities and 
neighborhoods in the selected countries or 
regions is 500 to 800 people. For the given 
community size of 1,000, the system capac-

ity, capital cost, and operation and mainte-
nance cost for the water purification system 
applying each of the selected technologies 
were estimated (see Table 1).

RESULTS

Business Aspects
Selection of regions/countries for the 
business attractiveness portion of the 
study was broken down based on twelve 
characteristics and four representative 
regions/countries (Mozambique, Honduras, 
Madhya Pradesh province in India; Sichuan 
province in China), as shown in Table 2.  
The four selected regions/countries repre-
sent a wide range of annual domestic water 
consumption rates, with Mozambique (4 
m3/capita or 1,060 gal/capita) and Madhya 
Pradesh, India (51 m3/capita or 13,500 
gal/capita) the extremes.  The GDP per 
capita varies with Mozambique ($US 233) 
and Honduras ($US 1,026) the extremes.  
Electricity use also varies with Mozambique 
(270 kWh) and Sichuan, China (760 kWh) 
the extremes. There is also geographic 
variation involving a country in Central 
America, a country in Africa, and regions 
in India and China.  In addition, there are 
business risks to the implementation of 
water purification technology in develop-
ing world countries including government 
corruption, political instability, fluctuating 
monetary units, and low literacy levels.  
Clearly, these characteristics influence the 
business aspects of providing water treat-
ment technology.  For further details of 
the business case studies for each of these 
regions, see Johnson et al. (2007).

Evaluation of Technologies
Table 1 provides some insights on imple-
mentation of technologies in developing 
countries. The survey of Peace Corps Volun-
teers resulted in useful information regard-
ing the technologies.  Each survey response 
discussed one to three types of drinking 
water treatment technology occurring at the 
volunteer’s site, with the following men-
tioned: chlorine disinfection (13 survey re-
sponses), slow sand filtration (6), municipal 
plant incorporating coagulation, flocculation, 
sedimentation, sand filtration, and chlori-
nation (or some combination thereof) (5), 
ceramic or activated carbon filter (3), and 
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ultraviolet disinfection (2).  These technolo-
gies were not observed more in one political 
region versus another.  Furthermore, these 
technologies were identified in urban and 
rural areas.  Aside from the plants operated 
by municipalities, most of these technologies 
are operated at the household level or within 
a community.  The survey responses showed 
relatively equal use of groundwater and 
surface water.  Often times, it is not a matter 
of preference of which water source is more 
suitable for a technology, but supply and 
accessibility that drive usage of a particular 
source of water.

As mentioned before, chlorine bleach, 
coagulation/sedimentation, and slow 
sand filtration are three most widely used 
technologies in developing countries. These 
three technologies have some common 
features: minimal pretreatment, minimal 
power requirements, potential application 
of local materials in construction, and 
minimal skills required for operation and 
maintenance. 

Barriers to Implementation of Selected 
Technologies
For reverse osmosis technology, which is 
rarely practiced in rural areas of develop-
ing countries, a high level of pretreatment 
and a large amount of power, manufac-
tured equipment, and professional labor 
are required. Clearly, these four factors 
are critical for implementation of technolo-
gies and address the technical, economic, 
and social aspects for implementing water 
purification technologies in these countries. 
For example, the power requirement is 
directly related to operation/maintenance 
(O&M) cost, and the skill requirement is 
related to technology complexity and has 
impact on community assuming ownership 
of a project.

The investment cost (capital cost) and 
O&M costs of the selected technologies 
were estimated using cost information from 
several governmental, industrial, and pro-
fessional organization sources in conjunc-
tion with the system capacity (design flow) 
data. The design flow was determined 
based on a water consumption rate that 
ensures improved health through, not only 
access to safe water, but also sanitation, 
and the community size.  The per capita 

water consumption rates (15 L/d-capita - 85 
L/d-capita) used in this study are in line 
with what is recommended by the World 
Health Organization for a successful public 
health improvement. For a community 
with a population of 1,000, the design flow 
varied from 15 to 85 m3/d (4,000 to 22,500 
gpd) for different regions/countries. The 
capital and operation/maintenance costs of 
each selected technology were estimated 
based on manufacturing and construction 
in the United States (see Table 1). Sand 
filtration, chlorine bleach, and ultraviolet 
radiation (UV) have relatively low capi-
tal cost and O&M cost; whereas, reverse 
osmosis has the highest capital cost and 
O&M cost.

The “appropriate” technologies are 
those with low capital and O&M costs. 
However, for technologies with low total 
cost, technical and social factors have to be 
considered. For example, UV technology 
has low total cost, but it is not widely prac-
ticed in rural areas of developing countries 

because it has relatively strict requirements 
on source water and also requires more 
power than other technologies. In addition, 
it is often difficult for the local community 
to visually see the difference between raw 
water and treated water, which in turn 
makes it difficult for the community to buy 
in to this technology. For example, PCVs in 
Mali noted that community members often 
prefer the taste of untreated water from 
wells to the treated water, demonstrating 
the need for community education to teach 
the benefits of safe water for drinking and 
sanitation.

Project failure has become an increas-
ing concern to aid agencies and host 
governments involved in water resource 
development in less developed countries.  
Past top-down approaches in which out-
side “experts” dictated project plans and 
implementation on developing communi-
ties littered the globe with well meant but 
defunct water projects.  Reasons for these 
failures are technological, economical, 

TABLE 2.  Key Variable Data for the Four Countries/Regions Evaluated in this Study.

Characteristics Units Honduras Mozambique
Madhya 
Pradesh, 

India

Sichuan, 
China

GDP per capita $US 1026 (2004) 233 (2004) 603 (2004)* 697 (2002)

Gross Domestic Product- 
Annual Growth Rate

% 4.79 1.6 4.33 10.15

Political Stabilitya percentile 
ranking

38.4 63.8 22.2* 51.4*

Government Effectivenessa percentile 
ranking

27.3 42.8 54.1* 63.4*

Total Population thousands 7257 19495 60385 86730

Percentage Rural % 53.6 62 73.33 82

Literacy Rate % population 
over age 15

76.2 53.5 64.11 86.45

Average Household Size # persons 5.4 4.1 5* 4*

Water Use per capita M3/yr 133 36 635* 80.55**

% of urban population with 
access to improved water

% 99 76 >85 92*

% of rural population with 
access to improved water

% 82 24 100 68*

Electric Generation  
Capacity

MW 865 2388 3816 10900

Electricity use per capita kWh 508.3 266.06 318 761.6

* National data, not province/state specific at this time.
** Rural water use (domestic); urban water use is 153.38.
aNote: For political stability and government effectiveness, the higher the percentile the more stable or effective, 
respectively.  The United States is typically in the 90th+ percentile in both categories.
Sources of Data in Table 2: Ping 2005, IMF 2005, Office of the Registrar General-India 2001, DDWS 2005, 
Government of Madhya Pradesh 2003a-b, NBSC 2003, UNESCO 2005, UNEP 2005, UNESA 2004, UNESA 2005, 
The World Bank Groupa-d, U.S. CIA 2005, BBS 2003, Dev 2004
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and institutional and create distortions in 
all steps of project life, from identification 
through operation and maintenance (Howe 
and Dixon 1993). A PCV in the Philip-
pines commented that water treatment by 
household activated carbon filters (70USD 
capital cost, 10USD O&M) can be unaf-
fordable and treatment by the municipal 
chlorination and softening process is unreli-
able due to governmental corruption of the 
water sector.  For both treatment methods, 
the need for external financing makes these 
efforts unsustainable.

As project failures continue to appear 
in public view, the appropriateness of the 
technology for a given community and 
need has garnered more attention from 
governments and non-governmental orga-
nizations (NGO).  Barriers to appropriate 
technologies, though more prevalent and 
identifiable 10 to 20 years ago, still con-
tinue to hinder water project success.  One 
problem exists in the lending/grant process 
itself, where excess funds are exceeding 
host countries’ abilities to identify and 
implement good projects.  Host countries 
may have the attitude of “use it before you 
lose it”, thereby constructing large, techni-
cal projects with little planning for opera-
tion and maintenance (O&M).  In addition, 
aid agencies often don’t attach O&M and 
follow-up stipulations to project financing 
for fear of losing donor investment, as host 
countries may go with another lender with 
less requirements (Howe and Dixon 1993). 
Four out of five PCV survey respondents 
noted initial funding needs being fulfilled 
by local governmental loans or non-govern-
mental agency aid programs.

Additional problems occur in project 
design and construction when host coun-
tries desire the prestige associated with 
higher technology and donor countries 
are willing to oblige and in some cases de-
mand such technology exports (Howe and 
Dixon 1993).  This limiting of technology 
choices weakens sustainability initiatives 
and ultimately project success (Breslin 
2003). Developed country engineers and 
planners sometimes operate under the 
assumption that more technical, capital-in-
tensive projects require less maintenance in 
the future.  While this assumption is valid 
in the developed world, the same does not 

necessarily hold in developing countries, 
where failure of complex water projects 
only exacerbates the O&M problem (Howe 
and Dixon 1993; Breslin 2003).  Lack of 
local input also has been and will continue 
to be a barrier to successful water project 
planning and construction.  The capability 
of local supply and production systems is 
often underestimated by donor countries 
or central governments, and local labor 
and expertise are sometimes wrongly seen 
as limiting.

Factors Supporting Successful 
Implementation
There are indications that implementation 
is meeting some level of success. The effec-
tiveness of specific interventions to improve 
water, sanitation, and hygiene in developing 
countries was assessed from 39 studies, and 
most interventions were found to signifi-
cantly reduce the levels of diarrhea illness 
(Fewtrell and Colford, 2005).  The World 
Bank’s Water Supply and Sanitation (WSS) 
sector has a significant role in implement-
ing drinking water treatment technology in 
developing communities, as evidenced by 
the $13.3 billion committed to 304 projects 
between 1990 and 2001.  A recent assess-
ment by the World Bank’s Operations 
Evaluation Department (OED) utilized its 
own ranking system, as well as the WSS 
performance indicators, to gage the WSS 
sector’s effectiveness at achieving its objec-
tive of “efficient, sustainable service for all.”  
OED ratings for project outcome of “satis-
factory” rose from 58 percent for projects in 
the 1980s to 64 percent for projects in the 
1990s. Perhaps even more demonstrative of 
project success are the WSS performance 
indicators, which include water supply 
connection coverage, sewerage connection 
coverage, share of connected households 
receiving continuous service, share of con-
nected households receiving biologically 
safe water, unaccounted water, employees 
per thousand water households connected, 
financial working ratio, and share of 
wastewater treated.  For each of the eight 
performance indicators, improvements were 
evidenced following a World Bank WSS-
funded project (World Bank 2003).

For sand filtration and chlorine bleach, 
a substantial cost savings may be realized 

in rural communities located in the devel-
oping world, compared to constructing 
the same technology in the United States.  
Readily available local materials and cheap 
labor result in much lower costs than 
in the U.S.  For example, the construc-
tion cost for a typical springbox, coupled 
with slow sand filtration technology, in 
Cameroon (West Africa) is approximately 
$1,600 (Fry et al. 2006).  In addition, the 
PCV survey showed the initial investment 
of chlorine bleach system in Honduras is 
only $30-$35, and the O&M cost is as low 
as $15-$20 per year. Cost savings resulting 
from the use of local materials and local 
labor is an important factor for successful 
implementation.

Failure of O&M mechanisms, partly 
due to previously mentioned reasons, and 
follow-up are perhaps the main cause of 
project failure.  As mentioned before, many 
aid agencies haven’t required these plans 
in order to prevent loss of “business”.  For-
tunately this trend is changing, with many 
donor countries and aid agencies budgeting 
for future O&M expenses, as well as local 
communities taking initiatives in planning 
and structuring their own O&M schemes.  
A demand-responsive approach, where the 
local community takes more responsibil-
ity for the decisions and actions regarding 
project planning and O&M, is now becom-
ing more common and showing more 
promise where it is needed, such as in rural 
areas of Mozambique where protected 
wells and rope/bucket systems are more 
successful than more complicated pumping 
technologies (Breslin 2003).  

Other aid agencies are also seeing 
success in water projects planned and 
implemented with community participa-
tion (Haws 2006).  Community buy in is 
key, as shown by experiences in Zambia, 
India, Kenya, and Uganda with PREPP 
(participation-ranking-experience-percep-
tion-partnership), a consumer consultation 
process used by engineers and community 
development workers that illustrates ways 
to alleviate some of the social barriers to 
introducing a new technology for drinking 
water treatment into a developing commu-
nity (Coates et al. 2005). Two respondents 
to the PCV survey noted the success of 
water treatment projects when implement-
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ed at the household level, especially with 
technology that was inexpensive, easy to 
use, effective at removing pathogens and 
that required local materials.

DISCUSSION
This study demonstrated the many techno-
logical, economic, and social challenges to 
implementing drinking water technologies 
in developing countries.  Simpler, appro-
priate technologies have been successfully 
implemented in the developing world 
countries.  As part of its Millennium De-
velopment Goals, the United Nations has 
set aggressive targets for the water purifica-
tion industry.  

• By 2015, reduce by half the propor-
tion of people without access to safe 
drinking water.

• Target for 2015: Halve the propor-
tion of people living on less than a 
dollar a day and those who suffer 
from hunger. 

The first target relates directly to the 
water industry, and the second goal would 
make safe drinking water more affordable.  
These targets have been adopted by the 
world community.  It is for reasons such as 
these that a plausible business strategy for 
private funding of water purification proj-
ects may be to approach water purification 
as a corporate social responsibility in the 
short term, which will allow one’s organiza-
tion to be positioned well once the eco-
nomic ability of individuals, governments, 
and donor agencies are better aligned.  As 
one individual from a non-governmental 
organization informed the project team, tak-
ing the time now to learn about people and 
culture and develop appropriate business 
models without the pressure of making a 
profit will provide a competitive advantage 
when the market for water purification 
technology evolves over the next decade.  
Some emerging economies are also pos-
sibilities for introduction of more advanced 
water treatment technologies.  For example, 
according to the US Commercial Service, 
China’s market for imported water treat-
ment equipment is currently about $US 2 
billion a year (U.S. DOC, 2005).

There is a clear link between health 
and hygiene and providing safe drinking 
water and cooking water is only one aspect 

of improving public health.  Personal water 
use rates as low as 4-8 L/capita/day account 
only for cooking and drinking and are not 
close to what any health agency would 
promote for a successful improvement in 
public health.  For example, WHO/UNI-
CEF (2000) defines the term reasonable 
access as the “availability of at least 20 liters 
per person per day (l/c-d) from a source 
within one kilometer of the user’s dwell-
ing.”  Water use includes four items: 1) 
consumption (drinking and cooking); 2) 
hygiene (including basic needs for personal 
and domestic cleanliness); 3) productive use 
(brewing, animal watering, construction, 
and small-scale gardening); and, 4) amenity 
use (car washing, lawn watering). The first 
two categories of water use, ‘consumption’ 
and ‘hygiene’, have direct consequences 
for health both in relation to physiologi-
cal needs and in the control of diverse 
infectious and non-infectious water-related 
disease.  Productive water may be critical 
among the urban poor in sustaining liveli-
hoods and avoiding poverty and therefore 
has considerable indirect influence on 
human health. The importance of including 
hygiene in water use evaluations cannot be 
overstated (Howard and Bartram, 2003).  

Population density is typically low in 
rural areas of developing countries and 
could be one of the larger impediments to 
growth in new or expanded markets for 
technology.  Urban and peri-urban regions 
of the developing world may represent a 
larger potential market based on population 
trends and density.  Urbanization is one of 
the critical global trends shaping the future.  
By 2025, it is estimated that two-thirds of 
the world’s people will live in cities.  

Some technologies may be favorable 
for either disaster relief, regions where 
fresh water is scarce, regions where water 
suppliers rely on desalination of brackish 
groundwater and sea water, and water 
reuse projects.  In the case of disaster relief, 
extreme hydro-meteorological events now 
account for over 70% of international di-
saster deaths (IRC, 2002) and waterborne 
diseases are a well recognized outcome 
of these events.  In addition, waterborne 
disease is not only becoming endemic in 
some parts of the world, but combating 
it through technology, capacity building, 

and education is limited because of access 
limitations due to civil strife.  This societal 
instability presents a great challenge to 
implementing any form of water purifica-
tion technology in some parts of the world.  
Regions of the world where fresh water 
is scarce include coastal urban areas for 
municipal use, vacation resorts located in 
coastal areas that depend on an uninter-
rupted supply of high quality water for 
tourist-based economic development, and 
the bottled water industry in coastal areas.  
Many countries currently identified as wa-
ter scarce and ones that may become water 
scarce in the future have coastal boundaries 
and may be able to utilize desalination of 
high-salinity water as a means of meeting 
their water demand needs. 

CONCLUSIONS
Based on the results of this investigation it 
is concluded that:

1. The most applicable water treat-
ment technologies to rural and peri-
urban areas of developing world 
countries are those with minimal 
pretreatment, minimal power 
requirements, potential application 
of local materials in construction, 
and minimal skills required for 
operation and maintenance.  This 
includes chlorine bleach and slow 
sand filtration.

2. There are a number of business 
risks beyond a cost analysis that 
should be taken into consideration 
with regard to implementation of 
water treatment technologies in 
developing world countries.  The 
business risks include government 
corruption, political instability, 
fluctuating monetary units, and 
low literacy levels.  Other business 
risks are specific to a given region, 
such as inflation and past failures 
for implementing water purification 
technology.  In the latter, the imple-
mentation failures have primarily 
been due to lack of training and 
maintenance of the water purifica-
tion system.

3. Numerous barriers to implementing 
water treatment technology were 
identified.  Most important among 
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these are high capital and O&M 
costs, a high level of complexity 
associated with the technology, lack 
of community education, lack of 
planning and funding for operation 
and maintenance, and an often-seen 
desire of donor countries to provide 
higher technology rather than ap-
propriate technology.

4. Several factors supporting success-
ful implementation were identified.  
Most important among these are 
the use of local materials and local 
labor to reduce capital and O&M 
costs (e.g. with chlorine bleach and 
slow sand filtration), increased fo-
cus on operation and maintenance 
including community education 
and involvement from the project 
planning to the O&M phase, and 
employment of strategies to engen-
der community buy-in and reduce 
social barriers to implementation of 
new drinking water technologies in 
developing world countries.
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