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WATER RESOURCES AND ENVIRONMENT:
EDUCATION, TRAINING AND RESEARCH

July 13-17, 1992

Colorado State University
Fort Collins, Colorado

Monday, July 13, 1992

8:00-10:00 AM Registration and Coffee
{A104 Clark}

10:00-10:20 Welcoming Session
{A104 Clark}
Welcome: Francis A. Kulacki, Dean
College of Engineering
Colorado State University

Conference

Procedure: Neil S. Grigg, Head
Department of Civil Engineering
Colorado State University

10:20-12:00 N Session I: (Plenary) Keynote Addresses

{A104 Clark} Moderator: Marvin Jensen
Colorado Institute for Irmigation Management
Colorado State University

"Major Issues in Water Resources for the 90’s"
Evan C. Vlachos, Sociology and Civil Engineering
Departments, Colorado State University

"Major Issues in Environment for the 90’s"
J. Eleonora Sabadell
National Science Foundation, Washington DC

"A Vision for Education in Water Resources and the
Environment”

Neil S. Grigg, Colorado State University



12:00-1:30 PM Lunch non-hosted

1:30-3:00 Session II: (Plenary) Major Issue Papers
{A104 Clark} Moderator: Eleonora Sabadell
National Science Foundation

"Issues in Water Resources Education”
James P. Heaney, Civil, Environmental, and Architectural Engineering,
University of Colorado, Boulder

"Issues in Environmental Education”
George Walker, Office of Environmental Education,
Environmental Protection Agency, Washington DC

"Issues in Minority Education”
Norbert Hill, American Indian Science and
Engineering Society, Boulder, Colorado

3:00-3:30 Coffee Break

3:30-5:00 Session III: (Plenary) Major Issue Papers
{A104 Clark} Moderator: David Freeman
Department of Sociology
Colorado State University

"Issues in International Water Resources Education”
"~ Alan C. Early
Agricultural and Chemical Engineering Department,
Colorado State University

"Issues in Water Resources Research”
Ari M. Michelsen
Wyoming Water Resources Center,
University of Wyoming, Laramie

"Issues in Water Resources and Environmental Outreach”
W. Dennis Lamm
Cooperative Extension for State of Colorado,
Colorado State University

5:15-6:30 Reception - The College of Engineering
{University Club} is pleased to host this reception



Tues July 14, 1992

7:30-8:30 AM Registration

{A104 Clark}

8:30-10:00 Session 1V: (Plenary) Education in Water Resources
{A104 Clark} Moderator: Al Dyer

College of Natural Resources

Colorado State University
"Education for Solution of Forthcoming Water Resources Problems"
Vujica Yevjevich, Department of Civil
Engineering, Colorado State University

"The Role of Training in Institutional Development:
Egypt Water Research Center"
M.A. Abu-Zeid, Water Research Center, Cairo
D.K. Sunada, Department of Civil Engineering,
Colorado State University

"The Waterways Experiment Station Graduate Institute:
An Educational Partnership”

C.H. Pennington, WES Graduate Institute,

R. W. Whalin, USAE WES, Vicksburg, Mississippi

10:00-10:30  Coffee Break

10:30-12:00 Session V-A: Education in Water Resources and Environment
{A104 Clark} Moderator: Maurice L. Albertson

Department of Civil Engineering

Colorado State University

"Water and Environmental Engineering Education, Training and Research
at Tampere University of Technology, Finland"
Jaakko Puhakka, Paivi Makinen and Matti Vittasaari,
Institute of Water and Environmental Engineering, Tampere
University of Technology, Tampere, Finland



"Curriculum Issues in Applied Hydrology and the Environment”
Mary Jessica Mack, Department of Geography and
Environmental Studies, University of Colorado, Boulder

"The Water Resources within Civil Engineering Education in the University
of the Americas-Pueblo, Mexico"
Octavio Cabezut Boo, Mechanical and Civil Engineering Department,
Universidad de los Americas, Puebla, Mexico

"Hydrologic Education: The Need for a Field Component”
Lee H. MacDonald, Department of Earth Resources,
Colorado State University

10:30-12:00 Session V-B: Computers in Water Resources Education
{A202 Clark} Moderator: Timothy K. Gates

Department of Civil Engineering

Colorado State University

"Rule Based Computing in Water Resources:

An Alternative to Procedural Languages”
Johannes Gessler, College of Engineering,
Colorado State University

"Educational Software for Reservoir Management"
Darrell G. Fontane and John W. Labadie
Department of Civil Engineering,

Colorado State University

"User Friendly Computer Packages in Education:

A Case Study-The Flodro Package”
Jose A. Raynal-Villasenor, Universidad Autonoma de Chihuahua,
Carlos A. Escalante-Sandoval, Universidad Nacional Autonoma,

de Mexico
10:30-12:00 Session V-C: Outreach Programs in Water and Environment
{A203 Clark} Moderator: Lloyd Walker, Extension

Agricultural and Chemical Engineering Department
Colorado State University

-



"The Groundwater Education in Michigan (GEM) Program”
Jessica T. Kovan, W.K. Kellogg Foundation
Linda W. Helstowski, Institute Water Research,
Michigan State University

"An International Approach to Great Lakes Education”
Sally Cole-Misch, Public Affairs,
Beverley Croft, Information/Education
International Joint Commission
Detroit, Michigan and Windsor, Ontario

"Water Educators for Public Awareness”
John Kaliszewski, Colorado Division of Water Resources
Barbara Preskorn and Russell Perron,
Front Range Community College, Westminster, Colorado,

12:00-1:30 PM Lunch non-hosted

1:30-3:00
{A104 Clark}

Session VI-A: Education in Water Resources and Environment
Moderator: Jorge Ramirez

Department of Civil Engineering

Colorado State University

"A Novel Program for the Master’s Degree in Hydraulic Engineering in the
Universidad Autonoma de San Luis Potosi"
Daniel Fco. Campos Aranda, and Arturo Difurt-Candelaria,
Universidad Autonoma de San Luis Potosi, Mexico

"Experiential Learning in Hydrology at Colorado Mountain College"
Peter Jeschofnig, Colorado Mountain College, Leadville

"The Colorado Commission on Higher Education Water Resources Program
of Excellence at Colorado State University”

Laurel Saito, Department of Civil Engineering,

Colorado State University

"Urban vs. Rural Conflicts: The Economic and Environmental
Advantages of Water Marketing”
Laura Puryear Finnell, University of Idaho, Moscow



1:30-3:00 Session VI-B: Outreach Programs in Water and Environment
{A202 Clark} Moderator: Carolyn Early
Colorado State University

"WET and the Watercourse: New Programs in Water Education for
the Future"

Susan Higgins, The Western Watercourse,

Montana State University, Bozeman

"Extending Knowledge on Agricultural Water Quality Issues:

The Role of Colorado State University Cooperative Extension"
Lloyd R. Walker, Department of Agricultural and
Chemical Engineering, Colorado State University

"A Review of Primary and Secondary Water Resource Education
Curricula of the Atlantic Coastal States"”
Barry W. Fox, Virginia State University, Petersburg

3:00-3:30 Coffee Break

3:30-5:00 Workshops

{A104 Clark}  A. Education in Water Resources and Environment
Chair: C.H. Pennington
Reporter: Darrell G. Fontane

{A202 Clark}  B. Qutreach Programs in Water and Environment
Chair: Beverly Croft
Reporter: Dennis Lamm



Wedne. uly 15, 1992

7:30-8:30 AM Registration

{A104 Clark}

8:30-10:00 Session VII: (Plenary) Educational Issues
{A104 Clark} Moderator: Neil S. Grigg

Department of Civil Engineering
Colorado State University

"Army Environmental Policy Institute Interaction with Historically Black
Colleges and Universities and Minority Institutions”
Kristan Cockerill-Kafka, Department of the Army,
Environmental Policy Institute, Champaign, Illinois

"The Five-Stage Pipeline of Teacher Professionalism and Empowerment"
Fredrick Stein, Center for Science, Mathematics and Technology
Education, Colorado State University

"Environmental Education in Engineering:

A New Paradigm for the 90’s"
Francis A. Kulacki, College of Engineering,
Colorado State University

10:00-10:30 Coffee Break

10:30-12:00 Session VIII-A: Environmental Case Studies
{A104 Clark} Moderator: Kristan Cockerill-Kafka
Department of the Army

Environmental Policy Institute
Champaign, Illinois

"Teaching and Research in Environmental Waste and Water

Quality Management (EW/WQ) Programs at Alabama A&M University"
Sunnie A. Aburime, Robert W. Taylor and Jeanette Jones,
Department of Plant and Soil Science,
Alabama A&M University, Normal

"Toxic Communications and Assistance Project”
Ellis E. Sykes and David C. Robinson,
Albany State College, Albany, Georgia



10:30-12:00
{A202 Clark}

"Environmental Degradation of Greater Dhaka City"
M. Habibur Rahman, Civil Engineering, Bangladesh University of
Engineering and Technology, Dhaka, Bangladesh

"Water Quality Remediation of Acid Mine Drainage Using Wetlands:
A Case Study in Carbondale, Ohio"
Subramania I. Sritharan and Victor I. Okereke, International Center

for Water Resources Management, Central State University,
Wilberforce, Ohio

Session VIII-B: International Water Resources Education
Moderator: Dan K. Sunada

Department of Civil Engineering

Colorado State University

"Adaptive Research and Training Needs for Sustainable Water
Use in Agriculture”
Arumugam Kandiah, Land and Water Development, FAO, Rome

"Towards Sustainability in Water Sector in Developing
Countries--Challenges for Engineering Education”
Pekka E. Pietila, Tapio S. Katko, and Osmo T. Seppala
Tampere University of Technology, Tampere, Finland

"Appropriate Water Resources and Environmental Engineering
Training for International Development"
- Berhane M. Abraha, Civil Engineering Department,
Colorado State University

"Environmental Engineering, Training and Research at the
University of Dar es Salaam, Tanzania"

D. A. Mashauri, Faculty of Engineering,

University of Dar es Salaam, Tanzania

"A Water Resources Graduate Program in Colombia:
Experience and Needs"
Ricardo A. Smith, Dario Valencia and Oscar J. Mesa,
School of Mines, National University of Colombia,
Medellin, Colombia



10:30-12:00
{A203 Clark}

12:00-1:30

Session VIII-C: Research in Water Resources
Moderator: Dan King
U.S. Bureau of Reclamation
Denver, Colorado

"Program of the National Institutes for Water Resources”
Steven P. Gloss, Wyoming Water Resources Center,
University of Wyoming, Laramie
Henry J. Vaux, Jr., Water Resources Center,

University of California, Riverside,
Howard S. Peavy, Montana Water Resources Research
Center, Montana State University, Bozeman

"Environmental and Water Resources Engineering Research at
the Waterways Experiment Station"
F.A. Herrmann, Hydraulics Laboratory,
J.R. Houston, Coastal Engineering Research Center,
J. Harrison, Environmental Laboratory,
USAE Waterways Experiment Station, Vicksburg, Mississippi

"Use of GIS in Studying Water Main Breakage Problems"
Emmanuel U. Nzewi, Department of Civil Engineering,
Subhasis Mukherjee, Department of Industrial Engineering
North Carolina A&T State University,

Greensboro, North Carolina

"Incompleteness of Wastewater Dechlorination”
Anthony C. Nweke and George R. Helz
Department of Chemistry and Physics
Norfolk State University, Norfolk, Virginia

Lunch non-hosted



1:30-3:00
{A104 Clark}

1:30-3:00

{4202 Clark}

Session IX-A: Water Resources and Environmental Education
Moderator: Emmanuel Nzewi

Department of Civil Engineering

North Carolina A&T State University

Greensboro, North Carolina

"Environmental Engineering Education by the Video Classroom"
David G. Parker, Civil Engineering,
University of Arkansas, Fayetteville

"Groundwater Contamination and Remediation: A Module of Instruction”
Bradford H. Spring, Department of Civil Engineering,
Valparaiso University, Valparaiso, Indiana

"MINTEQA2 As a Chemical Speciation Model for Use in Soil and
Water Investigations"
W. L. Lindsay, Department of Agronomy, Colorado State University

Session IX-B: International Case Studies
Moderator: Darrell Fontane
Department of Civil Engineering
Colorado State University

"Small Dams in Africa: Health Impacts” '
R. Klees, A. Long, E. Crowley, I. Degoga, H. Daou, M. Konare
Environmental Health, USAID, Washington, D. C.

"Education, Training, and Research for Effective Management of
Coastal Resources of the Yucatan, Mexico"
S.D. Oaks, Earth Resources, Colorado State University
G. de la Cruz, CINVESTAYV, Unidad Merida, Yucatan, Mexico
L.G. Lopez-Lemus, PRONATURA Peninsula de Yucatan

"Computer Assisted Water Resources Education and Training"
Azad Mohammadi, Amirkabir Univ. of Technology, Tehran, Iran

"Water Industry, Education, Training and Research in Kenya"
Maurice Mbeda Ndege, Department of Civil Engineering,
University of Nairobi, Kenya

10



3:00-3:30  Coffee Break

3:30-5:00 Workshops

{A104 Clark} A. Research in Water Resources and the Environment
Chair: Steve Gloss
Reporter: Dan King

{A202 Clark} B. International Water Resources and the Environment
Chair: Sunnie Aburime
Reporter: Victor E. Okereke

5:30-6:30 Reception
{West Ballroom
Lory Student Center}

6:30 Banquet
{West Ballroom

Lory Student Center} Water in the West: A Local Perspective

11



7:30-8:30 AM
{A104 Clark}

8:30-10:00
{A104 Clark}

10:00-10:30

10:30-12:00
{A104 Clark}

Thursday, July 16, 1992

Registration

Session X: (Plenary) Minority Education in Water Resources and
Environment
Moderator: Omnia El-Hakim
Department of Engineering and Physics
Ft. Lewis College, Durango, Colorado

"Water Resources Consortium for Historically Black Colleges
and Universities"
Fathy M. Saleh, Center for Energy and Environment,
Virginia State University, Petersburg, Virginia.

"Minority Education and Involvement in Water Resources”
Victor 1. Okereke, International Center for Water
Resources Management, Central State University, Wilberforce, Ohio

"Minority Institutions Collaboration Program in Water
Resources and Environmental Management"
Berhane M. Abraha, Department of Civil Engineering,
Colorado State University

Coffee Break

Session XI: (Plenary) Minority Education in Water Resources
and Environment
Moderator: Victor Okereke ,
International Center for Water Resources Management
Central State University, Wilberforce, Ohio

"Mentoring: The Key to Attracting and Retaining Minorities

and Women in Collegiate Engineering Programs”
Bradford S. Price, Policy Development Branch, U.S. Army Corps of
Engineers, and Mary Ellen Chafin, Executive Director, Buffalo-area
Engineering Awareness for Minorities (BEAM)

12



"Minority Engineering And Research Project”
Omnia El-Hakim, Department of Engineering and Physics,
Ft. Lewis College, Durango, Colorado

"Overview of Minority Student Recruitment and Retention Programs at

Florida International University in Environmental Science and Engineering'
Berrin Tansel, Civil and Environmental Engineering Department,
Florida International University, Miami, Florida

12:00-1:30  Lunch non-hosted

1:30-3:00 Session XII: (Plenary) Minority Education in Water Resources and
{A104 Clark} Environment
Moderator: Fathy Saleh
Center for Energy & Environmental Studies
Virginia State University, Petersburg, Virginia

"Unique Problems Faced by Minority Institutions Educators
Emmanuel U. Nzewi, Department of Civil Engineering
North Carolina A&T State University
Greensboro, North Carolina

"Use of Multimedia Technology in Engineering Instruction”
Huey K Lawson, Acting Chair and
Erat S. Joseph, Department of Civil Engineering,
Southern University, Baton Rouge, Louisiana

"Opportunities with Federal Agencies”
Owen Williams, Water Resources Division
National Park Service, Fort Collins, Colorado

Other Federal Agency Representatives

3:00-3:30 Coffee Break

13



3:30-5:00 Workshops

{A104 Clark}  A. Minority Issues in Water Resources and Environmental Education
Co-Chairs: Sunnie Aburime/Omnia El-Hakim
Reporters: Bradford S. Price/Kristan Cockerill-Kafka

{A202 Clark} B. International Water Resources and the Environment: Latin America
Co-Chairs: Jorge Ramirez/Sherry Oaks

Panel Presentations:
Need for a Latin American Center for
Science and Technology Cooperation

Mechanisms for Establishing Scientific and
Technological Cooperation

7:00-9:00 FORUM OF HBCUs/MIs for WATER RESOURCES AND
{B206 Engineering ENVIRONMENTAL MANAGEMENT CONSORTIUM
Building} Moderator: Neil S. Grigg,

Department of Civil Engineering
Colorado State University

14



Friday, July 17, 1992

Moderators: Neil Grigg/Berhane Abraha
Department of Civil Engineering
33Colorado State University

8:30-10:00  SESSION XIII: (Plenary) Workshop Summations and Recommendations
{A104 Clark} for Action

A. Education in Water Resources and Environment
Reporter: Darrell Fontane

B. Outreach Programs in Water and Environment
Reporter: Dennis Lamm

C. Research in Water Resources and the Environment
Reporter: Dan King
10:00-10:30 Coffee Break
10:30-12:00 SESSION XIV: (Plenary) Workshop Summations and Recommendations
{A104 Clark} for Action

A. International Water Resources and the Environment
Reporter: Victor E. Okereke

B. International Water Resources and the Environment: Latin America
Reporters: Jorge Ramirez and Sherry Oaks

C. Minority Issues in Water Resources and Environmental Education
Reporters: Bradford S. Price and Kristan Cockerill-Kafka

12:30 Closing Luncheon - Neil Grigg
{West Ballroom
Lory Student Center}

15
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WATER RESOURCES AND ENVIRONMENT
Education, Training and Research

Workshop Guidelin

The general goal of the workshops is to generate new thinking about needed directions for
education policy, programs and methods in water and environmental education. One
workshop will focus on the roles of minority institutions and another on international
opportunities and needs.

Each workshop will prepare a brief report to the plenary session about the findings. The
findings will be responses to a set of questions and will include reports on what the
participants thought were important issues and solutions. On Friday, all of the workshop
findings will be published for the group, and additional issues and recommendations will
be solicited from the attendees.

The following are some of the questions to be directed to the workshops. Additional
questions and issues should be formulated by the attendees.

EDUCATION IN WATER RESOURCES AND ENVIRONMENT

1. What are the emerging needs and challenges to improve water resources management
through hydrology and water resources education?

2. Given today’s concern about the environment, what are the needed contributions to
environmental management from education?

3. What is included in hydrology and Water resources education?

4. What are the main recommendations of recent reports about water resources
education? Have they been implemented? Why or why not?

5. Is hydrology and water resources an engineering subject, or interdisciplinary?

6. What courses should be required in engineering curricula, both water resources and
environmental?

®
7. What is the role of federal and state agencies in promoting water and environmental
education?

8. What is a definition of environmental education?



9. What are the reports of recent task forces? How can they be implemented?

10. What are the links of environmental education with water resources education?

11. What are the disciplinary inputs to environmental education?

12. What are the roles of computers, telecommunications and modern technologies in
water and environmental education?

MINORITY INSTITUTIONS

1. What are the unique opportunities and challenges for Historically Black Colleges and
Universities? ‘

2. How can networks be formed? What can they do?

3. Are there logical cooperative patterns? Should HBCU’s be doing more with African
universities; western universities doing more with Mexico?

4. What are the opportunities to work in international development?

5. How can universities help more with K-12 problems, and with socio economic
problems in general?

6. Is there strength in diversity? Can we improve water and environmental management
by introducing ideas from other cultures?

7. What are the interests of federal agencies in working with HBCU/MI's? How can a
consortium be formed to facilitate this?

8. What will be it’s specific goals?
9. What is the best way of managing the Consortium?
10. What are the technical areas of engagement by the Consortium?

11. How many should collaborate in the Consortium as members;
Is there an optimum size of the Consortium?

12. Capabilities and resources study of the HBCUs and Mls.



OUTREACH

1. What are the needs for improved public education, continuing education, distance
earning and outreach for water and environmental issues?

2. What forms of outreach are appropriate for today’s universities?

3. What should be the roles of different levels of institutions, university, community
college, K-12?

4. How should outreach be funded?

RESEARCH

1. What are the main issues needing research? How did UNSED, the recent
international conference at Rio de Janeiro affect our perception of environmental
issues?

2. Is the funding base adequate for water and environment?

3. What is the role of the federal government in financing and conducting research?

4. Is the decline in federal funds for water resources research a serious problem" At the
National Science Foundation, for example?

5. Should there be more fellowships and student support?

6. How are the WRRI’s doing?



INTERNATIONAL ISSUES

1.

With the world shrinking due to communications, how can institutions cooperate more?
What are current trends in international cooperation?

What are the international problems of water and environment that education can help
solve?

What has been learned through international cooperative efforts such as IHP, Water
and sanitation decade, etc.

Are there special opportunities and responsibilities for US institutions to cooperate
with African universities, Latin American institutions, etc?

How can the international and bilateral agencies help in such cooperation?

How can education, training and research be improved in developing
countries?
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WATER RESOURCES AND ENVIRONMENTAL EDUCATION
Using education to meet environmental challenges
and to create opportunities

Conference Results
Colorado State University
July 13-17, 1992

SYNOPSIS

The conference, Water Resources and Environment: Education,
Training and Research, was held July 13-17, 1992 at Colorado
State University. The need for the conference was driven by the
growing seriousness of environmental issues, societal problems
and international implications. The focus was on using
educational programs to solve water and environmental problems.
Special sessions were also devoted to the roles of minority
institutions and to international linkages. About seventy
attendees represented universities, outreach organizations,
federal agencies and international organizations. Sixty two
papers were presented, and six workshops were held.

The broad nature of water and environmental educational programs
was recognized. Educational programs must focus on the most
important opportunities and prepare graduates for jobs in the
real world. Each program must find a niche. Courses should
emphasize integration of social issues with technical solutions
and have more focus on international issues. Programs need to be
more real world and practical, and contain more lab work and
field experiences. There should be more teamwork, less
duplication, and more cooperation to make up for the loss of
resources. Government can reduce its fragmentation and work to
further education at all levels, including citizen education.
Organization of a national commission to review water and
environmental education might be considered.

Funds for research are at a low level, and there are many
complaints that needed funds are not available. However, the
nation's ability to support its entire educational enterprise
must be considered, as well as the need to provide funds to
minority institutions. Industry sources, as well as government,
should be sought. Increased funding to HBCU/MIs should be
provided through consortia.

In outreach, role definition is needed to clarify the most
productive uses of resources, especially for universities, and
higher education's ability to finance outreach should be
assessed. Incentives to faculty members should be evaluated.
The roles of the Cooperative Extension program in water and
environmental education especially need clarification. Minority
institutions can build community recognition by engaging in
outreach programs, but they need assistance to get started.



Internationally, universities should cross cultural boundaries
and work together more effectively in water and environmental
education, but financial and political problems face educational
institutions desiring to help. The US is reducing its Africa
portfollo at a time when water and environmental needs in Africa
are vast, and the potential for cooperation with HBCU's is good.

Problems of minority institutions include lack of funds, low
levels of support, high teachlng loads, perceptions that minority
institutions are small in size and purpose, low salaries, and
related management issues. Solutions can include: equipment
donation programs, establishment of industry-university loan
programs for faculty, organization of consortia, programs for
research initiation at MI's, increase in salaries, and funds to
support sabbaticals, assistantships and other needs in the
universities. Emphasis should be placed where HBCU/MIs have
unique opportunities and responsibilities, and international
linkages should be extended.

Desired outcomes for the conference included working to formulate
better curricula; making higher education affordable by forming
consortia and increasing productivity and opportunities for
students, faculty and institutions; teaming up to deliver
programs of education, research and outreach/training; looking
for opportunities for students and helping them to finance and
enrich their educations; and focusing on diversity goals. During
the conference a lot of networking occurred, plans for a
consortium in water and environmental education were laid, a
proposal for a program was presented, and knowledge about the
issues was shared. The full proceedings of the conference,
including all papers, workshop reports and summary will be
published. It is possible that followup meetings will be held,
but plans are not definite yet. All participants have greater
understanding of the issues in water and environmental education.



VISION FOR THE CONFERENCE

Solutions to water and environmental management problems must be
based on professional competence and responsive systems of
government. These are only possible with an informed citizenry
and when effective educational systems are in place for all
citizens, including minority groups.

Educational systems include pre-school, K-12, higher education,
lifelong professional education and education for the public.
Universities have special roles in providing degree programs and
continuing professional education, and to be partners with
government agencies and private organizations in meeting their
educational and training needs. There are special roles and
opportunities for institutions serving minority populations.

Two sets of problems and challenges created the need for the
conference and accompanying workshops: growing awareness of the
seriousness of environmental issues, and parallel awareness that
not all citizens are sharing equally in the opportunities and
responsibilities to solve the problems. These are broad,
societal issues that cannot be easily solved; however, making
progress on them will be at the heart of the nation's social,
economic and environmental agendas. The problems extend beyond
the borders of the United States; thus another goal of the
conference was to discuss the international implications of the
challenges and to identify ways that nations can cooperate in the
issue areas of environment, education and the creation of
opportunity.

Conferees contributed papers and thoughts in workshops over a
period of four and a half days. The overall results of the
conference are summarized in this working paper. Also published
are the workshop summaries and the conference papers.

ENVIRONMENT, EDUCATION, OPPORTUNITY

Environmental management. Water and related environmental

problems are certainly high among the major resource issues
facing the planet, and education has much to contribute to

resolving the problems. Evan Vlachos and Eleonora Sabadell
presented the challenges at the conference.

Vlachos summarized the water problems by stating that water is
fundamental to all life forms, affects all ecosystems, and is
spatially and seasonally unevenly distributed; it's use
inherently creates conflicts relating to both water quantity and
quality. During the past 20 years, our search for solutions has
placed emphasis on the environmental challenges, on the quest for
sustainable development, on the promotion of integrated planning
and management and the attempt to apply non-structural and well
as structural measures to find solutions. Vlachos showed how
societal transformations were responding to the changing times
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with conceptual breakthroughs, advances in methodologies,
mobilization of organizations and generation of new substantive
concerns about issues such as climatic shift, dam safety and
toxic spills, socio-political changes, transboundary problems and
fast paced technological change. He concluded by emphasizing
that a transformation of paradigms from unlimited resources to
sustainable development is necessary.

Sabadell reminded us that environmental problems are still
mounting. She observed that responses to environmental problems
in the US and elsewhere had included identification, evaluation,
and mitigation of environmental risks, with laws and regulations
that have had mixed success, often at great cost. Discussion and
evaluation of these problems have taken place at numerous
conferences and reports, including the UN Conference on
Environment and Development (UNCED), held in Rio in June 1992, 20
years after the first international conference on the environment
at Stockholm, Sweden. Sabadell predicted that chemical
contamination will continue, but at declining levels; that gains
will be made in developed countries in energy conservation; that
greenhouse gases will continue to increase with potential climate
change; and that biological and toxic substances contamination
may grow in the absence of effective regulation. She stated that
to develop positive advances in attacking these problems
decisionmakers will have to recognize the human dimension, along
with chemical and physical aspects of contamination, if we are to
succeed in reclaiming the quality of our planet's environment.
This will require strong political will, innovative economic
approaches, leadership in all countries and the settlement of
transboundary disputes. She observed that the limited and uneven
distribution of knowledge and education is one of the main causes
of environmental decay, with apparent results being the vicious
cycle of poverty, uncontrolled population growth, poor land use,
resource exploitation, unsafe technologies and proliferation of
hazardous sites.

As a result of Vlachos' and Sabadell's papers, the formidable
challenges faced in the environmental field and the many faceted
roles of education to ameliorate the problems were evident.

These are critical policy issues for the US, as observed recently

in the Wall Street Journal: "...the environment may become the
hottest issue of the '90's, superseding political or cultural
differences as a source of international tension ... Americans of

all persuasions should commit themselves to making the world a
better place when the millennium ends. A safe ecological
environment may have as much strategic importance in 2000 as a
stable political environment does in 1990" (Wall Street Journal,
January 1, 1990).

Education. Education may well be the top social policy issue in
the US, along with meeting the needs of an increasingly diverse
population. At the conference, education was taken in a broad
sense to include knowledge generation (research) and transfer
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(including outreach). It focused primarily on the role of higher
education, but interpreted this role broadly to include linkages
with and roles of K-12 through graduate training.

Education for water and environmental management must prepare
managers and workers for the industries and agencies that have
responsibility to manage water and the environment. Also, the
public and their elected and appointed officials require
education, training and appropriate knowledge to make informed
decisions.

To deal with water and environmental problems, students need
aptitudes for science and mathematics, and other skills,
primarily management and communication, are also necessary. In
the US, much concern has been expressed about science and math
educatlon. A great deal of attention is being given to this
problem, which is wrapped up in the overall problem of K-12
education in the country. General K-12 educational issues being
discussed in the country include the need for national
assessments, accountability, choice, parental responsibility,
local control, and support for preschool children. These
fundamental educational issues are the focus at the K-12 level,
and higher education is expected to contribute to addressing
them, along with other societal and economic sectors.

Universities are g01ng through an identity crisis, searching for
roles. Time magazine recently devoted a cover story to it: "The
College Crunch: strapped for money, educators are reinventing the
university for the 21st century" (Time, April 13, 1992). Time
stated "By the year 2000, American colleges and unlver51t1es will
be lean and mean, service oriented and science-minded,
multicultural and increasingly diverse - if they intend to
survive their fiscal agony." A policy study presented the
challenges as driven by a new economic age, a science-driven
econony, changlng mores and families, changing demographics
driven by aglng, diversity, and economic disparities, and
shifting economic centers and urban organlzatlon paradigms.
College pre51dents in a survey listed main issues as: minority
participation in higher education, financing higher education and
making it affordable, replacing qualified faculty, helping the US
keep its competitive edge, making governance and leadership work
and improving the public schools (Gilley, 1991).

The focus on a competitive edge and science-driven economy will
intensify the need for environmental education, as well as to
provide workplace opportunities for graduates. Changing
population mixes and increasing diversity signals us to be
sensitive to how we can respond to the changes. These, and other
socioeconomic issues, created the focus for the conference.

With regard to the specific aspects of university level education
in water resources and environment, some of the questions to be
addressed at the conference included: what are the emerging
challenges in hydrology and water resources education; what are
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the needed contributions to environmental management from
education; what are the recommendations of recent reports about
water resources education and have they been implemented; is
hydrology and water resources an engineering subject, or
interdisciplinary; what courses should be required in various
curricula, both water resources and environmental; what are the
roles of federal and state agencies in promoting water and
environmental education; what is environmental education and what
are the reports of recent task forces; what are the links of
environmental education with water resources education; and what
are the roles of computers, telecommunications and modern
technologies in water and environmental education?

Concerning outreach, some of the specific questions and issues
included: what are the needs for improved public education,
continuing education, distance learning and outreach for water
and environmental issues; what forms of outreach are appropriate
for today's universities; what should be the roles of different
levels of institutions, university, community college, K-12; and
how should outreach be funded?

Research is a particular concern in environmental education.
Specific issues to be addressed included: what are the main
problems needing research; how did the recent international
conference at Rio de Janeiro affect our perception of
environmental issues; is the funding base adequate for water and
environment research; what is the role of the federal government
in financing and conducting research; is the decline in federal
funds for water resources research a serious problem; should
there be more fellowships and student support; how are the state
water research institutes doing, and are they making the needed
contributions?

Finally, with regard to international opportunities, some
specific questions arose: with the world shrinking due to
communications, how can institutions cooperate more; what are
current trends in international cooperation; what are the
international problems of water and environment that education
can help solve; what has been learned through international
cooperative efforts such as IHP and the Water and Sanitation
Decade; and are there special opportunities and responsibilities
for US institutions to cooperate with African universities, Latin
American institutions, and Asian institutions?

Opportunity. The United States has worked to assimilate minority
populations for many years and its population is becoming more
culturally diverse. One of the principal issues facing the
nation is how to adapt to the coming changes and how to create a
more just society in the process. The 1950's and 1960's saw a
profound and successful civil rights movement that is still going
on. Finding more opportunity for women in the workplace is an



important national goal and accommodating citizens from
different national origins continues to be an important national
priority.

Minority citizens and institutions have the same commitment to
the environment as majority citizens and institutions, and women
have a deep interest in the environment, and in some cases, as in
international development, they have special roles and
opportunities for education and outreach. Given this level of
interest and potential, it follows that opportunities for
minority citizens and institutions as well as women can be
enhanced in the environmental field(s).

There is much interest in matching minority institutions with
national environmental aims and goals, but the persistent
problems of minority institutions and populations have impaired
progress. One of the goals of the conference was to search for
ways to improve this situation, to make progress in creating
opportunities for minorities and women in the environmental
fields, and to utilize these opportunities to create more
effective partnerships with majority 1nst1tutlons and
international organizations.

Some of the specific questions to be raised at the conference
included: what are the unique opportunities and challenges for
Historically Black Colleges and Universities; how can networks be
formed and what can they do; are there logical cooperative
patterns, should BCD's be doing more with African universities
and western universities doing more with Mexico, for example;
what are the opportunities to work in international development;
how can universities help more with K-12 problems, and with
socio-economic problems in general; is there strength in
diversity of ideas, can we improve water and environmental
management by introducing ideas from other cultures; what are the
interests of federal agencies in working with HBCU/MI's; how can
a consortium be formed to facilitate this?

CONFERENCE PRESENTATIONS
Environmental and water resources education.

General. The keynote paper by Heaney (Issues in Water Resources
Education, James P. Heaney) told us that although water resources
has been a critical issue for a long time, the term only emerged
as a

descriptor in the 1960's with the Water Resources Research Act.
Heaney defined water resources as an applied multidisciplinary
field involving engineering, natural science, social science.

Now there are graduate programs at over 100 universities.

As history, Heaney traced the development of systems analysis

from the 1950's, showing that it is now an integral part of water
resources management. The environmental movement of the early
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1970's shifted our attention to give students better background
in water quality and ecology, but, according to Heaney, it forced
a deemphasis on the social sciences, particularly economics,
because benefit cost analysis not a part of major environmental
legislation. The hydrologic sciences may be the focus of the
1990's due to attention to climate change and other factors.
Heaney stated that water resources education will continue to be
driven by an applied focus, but that competition will increase
and there will probably not be room for over 100 graduate
programs. Heaney saw the need to introduce concepts of total
quality management into the curriculum, and with the shift to a
focus on undergraduates, more attention to lab work is needed.

Vujica Yevjevich presented an address and paper entitled
"Education for Solution of Forthcoming Water Resources Problems."
He used the following nine topics to illustrate the point that
changes in education are needed: focus on pollution and
protection; demand for decrease of pollution has tranformed
planning and operation; river runoff can be used to monitor
climate change; water resources development can be used to fight
climate change; aging of structures presents special challenges;
‘need for well trained specialists to maximize production of
water; risk aversion of societies creates need for risk analysis
and management; conflict will increase and must be managed;
reallocation of water rights will require new techniques;
drinking water issues focus public attention on health. The
lead, according to Yevjevich, to a need for revisions in
education, and society will demand more cooperation between
protection and development.

Curriculum and programs. To respond to the challenges in water
and environmental education, numerous innovations are being
tried. At Colorado State University, for example, Frank Kulacki
described the approach adopted for environmental engineering
education, after a task force study recommendation. The approach
involves a new specialization in environmental engineering
science with the students being able to take a second major in
chemical engineering or civil engineering. At the same time, the
College of Engineering will continue to offer master's degrees in
environmental engineering in several departments.

Colorado State retains a separate approach to offering water
resources education. Laurel Saito described the Program of
Excellence in Water Resources supported at Colorado State
University by the Colorado Commission on Higher Education. This
includes graduate programs in hydraulics, hydrologic science and
engineering, groundwater, environmental engineering, water
resources planning and management and irrigation and drainage.

e



Numerous specific examples of individual programs or courses were
presented at the conference, and these are described briefly in
the following paragraphs. Please refer to the conference
proceedings for the full papers.

Courses, computers teaching innovations. Darrell G. Fontane and
John W. Labadie presented information about software they have
developed at Colorado State University to teach about research
operation. Azad Mohammedi presented an analysis of computer
assisted water resources education and training. Johannes
Gessler showed how computing can be improved and the lost - -time
devoted to computing reduced (Gessler, Johannes, Rule Based
Computing in Water Resources: an alternative to procedural
languages). Jose A. Raynal and Carlos A. Escalante presented a
paper about user friendly packages for education that focus on
floods and drought.

The use of the video classroom for environmental education was
described by David G. Parker.

Mary Jessica Mack presented a paper about Curriculum Issues in .
Applied Hydrology and the Environment. It illustrated how a
multifaceted course could be presented in the context of a
department of geography and environmental studies.

The need for field and lab work was illustrated by Lee H.
MacDonald, in his paper (Hydrologic Education: the need for a
field component). Bradford H. Spring described a groundwater
contamination and remediation module of instruction used at the
undergraduate level in environmental education. It illustrated
how some imagination can go a long way in meeting the need for
lab work.

Education centers and new programs. James Pennington described
the master's program of the US Army Waterways Experiment Station,
carried out in conjunction with four universities. The Army
established an Environmental Policy Institute in 1990 (AEPI). As
described by Kristan Cockerill-Kafka, AEPI is a policy research
institute with a limited mission to aid Historically Black
Colleges and Universities and minority institutions.

M. Abu-Zeid and Daniel K. Sunada described the ongoing activities
at the Egypt Water Research Center. Strengthening programs were
initiated in 1976 as a result of cooperation between Egypt and
USAID. As a result of three different projects, tke technical
and management expertise of the staff of the WRC has been
significantly strengthened, and the staff members are making
contributions through research and technology transfer in other
parts of the world.



Finland has initiated water and environmental engineering
education at the Tampere University of Technology (Puhakka,
Jaakko, Paivi Makinen, S. Sandelin and M. Viitasaari, Water and
Environmental Engineering Education, Training and Research at
Tampere University of Technology, Finland). Programs for
developing countries are included, and a special program in
environmental engineering for Eastern Europe will begin in 1992.
Emphasis on environmental biotechnology will increase in 1993.

Daniel Fco. Campos-Aranda and Arturo Difurt-Candelaria described
the master's program in hydraulic engineering at the Autonomous
University of San Luis Potosi. The program began in 1980 with an
emphasis on water resources planning, evolved into one with an
emphasis on hydraulics and now is moving toward more emphasis on
environmental subjects.

Sunnie Aburime described the program of teaching and research in
environmental waste and water quality management as it is carried
out at Alabama A&M. .

D.A. Mashauri described the environmental engineering program at
the University of Dar Es Salaam, Tanzania. The program goes back
to about 1969 and involves cooperation with Germany. The paper
identifies some modernization needed in the environmental areas.

Ricardo A. Smith, Dario Valencia and Oscar J. Mesa wrote about
the a water resources graduate program at the School of Mines,
National University of Colombia, Medellin. The program has done
well, but has needs that include; to maintain PhD level teachers
in spite of low salaries; to maintain an adequate library; to
keep current with computers and software; to obtain research
funding; and to stay in touch with peer institutions.

Sherry Oaks, G. de La Cruz and L.G. Lopez-Lemus contributed a
paper about education about coastal resources of the Yucatan in
Mexico.

Maurice M. Ndege described the water industry, education,
training and research issues in Kenya.

Octavio Cabezut-Boo presented data about civil engineering
education at the University of the Americas at Puebla, Mexico.

Peter Jeschofnig described a program for experiential learning
for hydrologic technicians at Colorado Mountain College.
Research.

The conference aimed to study research needs and policy, but this

turned out to be too ambitious a topic. Nevertheless, some
research policy issues, activities and needs were identified.



Steve Gloss presented a description of the program of the
National Institutes for Water Resources and showed how the
federal program is the "glue" that holds the national network
together. Ari M. Michelsen presented a paper about issues in
water resources research. He showed that based on the experience
of the water institutes, the future issues will focus on water
quality, groundwater, management and planning and policy and law.

The US Army's Waterways Experiment Station's research program was
described by F.A. Herrmann, Jr., J.R. Houston and J. Harrison.
WES is involved in a wide variety of water resources research and
project investigations related to the Army's civilian and
military missions related to water resources, environment and
coastal resources.

Outreach.

Outreach is a very diverse topic. W. Dennis Lamm introduced the
topic at the plenary session with a paper entitled "Issues in
Water Resources and Environmental Outreach." He described
changes in the cooperative extension activities, and how
Extension had changed from the only provider of information to a
new role as a broker, networker, facilitator, and coordinator of
data delivery.

George Walker reported about the Environmental Education Act and
activities under EPA, including that EPA has $6.5 million in
appropriations for environmental education, with emphasis on the
grants program. They also develop training programs for
professionals, administer fellowship programs and provide
information to a wide span of agencies and actors.

As case study examples of outreach programs and needs, several
papers described different approaches. Jessica T. Kovan and Linda
W. Helstowski described Michigan's "Groundwater Education in
Michigan" (GEM) program. Sally Cole-Misch and Beverley Croft
presented a paper about the International Joint Commission's
approach to Great Lakes Education. John Kaliszewski, Barbara
Preskorn and Russell Perron contributed a paper about the need
for water education for public awareness in Colorado. Susan H.
Higgins described the program Wet and the Watercourse: new
programs in water education for the future. Wet stands for water
education for teachers. Ellis E. Sykes described the toxic
communications and assistance project undertaken at Albany State
College, one of the HBCU's.

Activities of the Colorado State University Cooperative Extension
Service were described by Lloyd R. Walker. Barry W. Fox
presented a review of primary and secondary water resource
education curricula used by the Atlantic Coastal States, also an
Extension activity.



International issues.

Alan and Carolyn Early presented a paper to lead off the

- discussion about international issues in water resources and
environmental management. They identified seven issues: stage of
development and economic growth rate; current level of
technology; resource base of the nation; stated national
priorities; existing administration and legal framework; national
set of values and customs; and national will and commitment to
change. The issues for educators are then, how to we address
education within the context of these seven issue areas? Berhane
M. Abraha presented a paper about the appropriate water resources
and environmental training for international development.

Pekka E. Pietila described the challenge of reaching
sustainability in the water sector, the challenges to engineering
education. The twinning approach was recommended as a useful
technique for institutional assistance.

Arumugam Kandiah, representing FAO, presented adaptive research
and training needs for sustainable water use in agriculture. He
showed that new technologies and improvements in human resources
development are needed to help countries to help themselves.

As an example of health problems faced in developing countries,

Rita Klees and others contributed a paper about the health
impacts of small dams in Africa. -

Minority institution issues.

To lead off the discussion of forming a consortium of minority
institutions to work on water and environmental problems, several
papers provided specific insight into the issues.

Berhane Abraha presented a description of the need for a minority
institutions collaboration program in water resources and
environmental management. Fathy Saleh described a suggested
approach developed as a result of a meeting at Virginia State
University. Emmanuel U. Nzewi described the unique problems
faced by minority institutions educators.

In the way of specific programs, Victor I. Okereke presented a
description of the program in water resources management at
Central State University. Omnia El-Hakim described activities in
Colorado to encourage Native Americans in the study of
engineering. Berrin Tansel presented an overview of the minority
student recruitment and retention programs at Florida
International University. Huey K. Lawson and Erat S. Joseph
presented a paper about the use of multimedia technology in
engineering education and the coalition for improving the
quantity and quality of undergraduate engineers, including
minorities.
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Special approaches are needed to meet the needs of minorities.
For example, the role of mentoring was described by Bradford S.
Price and Mary Ellen Chafin. These techniques will, of course,
aid all students desiring to continue into higher education.

CONCLUSIONS

Conference conclusions came from the workshop sessions and from a
study of the papers.

Education in water resources and environment

The global focus on economic competitiveness and the
science-driven economies will intensify the need for
environmental education and provide new and different work and
professional opportunities. How can water and environmental
education adapt?

Both water and environmental subject areas are broad. Both
include engineering and non-engineering aspects. Heaney defined
water resources as an applied multidisciplinary field involving
engineering, natural science, social science, and Kulacki showed
that environmental engineering is a broad subject covering
several disciplines of engineering. The term "environmental
science" shows how broad the educational focus on the environment
can be. To respond, educational programs must be focused on the
most important disciplinary and interdisciplinary clusters of
knowledge and professional opportunities.

In responding to these challenges and opportunities it is’
necessary to focus both on the subject matter and on the
preparation of graduates for jobs in the real world. The reason
that engineering has dominated is that it offers jobs. While
this will continue, the job market will also diversify, with more
emphasis on science, management, law and related fields.

Heaney pointed out that the term water resources has only been
used for about 25 years, and that it will be difficult for all of
the current graduate programs to survive and prosper. The waves
of emphasis have focused successively on water resources,
environment, water quality and ecology, hazardous waste and now
hydrologic sciences. Heany saw the need to adapt principles of
TQM to water management, and to respond to the need for focus at
the undergraduate level with attention to lab work. Yevjevich
used nine topics to illustrate his point that changes in
education are needed and that society will demand more
cooperation between protection and development in the future.

Each program of water or environmental education will have to
find its own niche; there will be no common formula for all.
However, each can make contributions toward resolving the
apparent needs.
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One need is for courses to emphasize integration of social,
political, legal and related issues along with technical
solutions. We believe that technical solutions, with some
exceptions, may be ahead of societal solutions, but a focus on
societal factors is critical to prepare students for the years
ahead.

Courses need to have more focus on international issues. The
globe is shrinking and there exist many possibilities to
cooperate across boundaries, to use international case studies,
and to understand the need to resolve transboundary conflicts.

Courses should cover a broader span of subject matter, be more
global in subject matter. This is necessary to integrate the
knowledge from different disciplines into new curricula and
programs. There should be courses on water and environment for
non-engineers. These must be fashioned both to inform the-
non-engineers about the issues, and to prepare scientists and
managers for careers in environmental fields.

Educational programs need to be more real world and practical.
Undergraduates; and graduate students should be exposed to more
lab work and field experiences.

To respond to current and future financial limitations, there
should be more teamwork, less duplication, and more cooperation
to make up for the loss of resources. This can help twin US and
international institutions and help meet the needs of minority
institutions as well as majority institutions with shortfalls in
resources. Also, better use of information technologies, video
and telecommunications technologies can make education more
effective and to make funds go further.

The need for citizen education about the environment is becoming
more obvious all the time. Universities have an obligation to
work with the K-12 system to help prepare teachers and students
for the science-driven world, with emphasis on environmental
solutions.

Government can help by reducing its own fragmentation and
competition. Going to an organizational model of a single DNR at
both the state and federal levels would help. Then the DNR's
could work with the educational system to further education at

" all levels.

Research

The research support enterprise in water and environment drives
graduate education, provides equipment and facilities for
universities to teach undergraduates. Graduate education
provides the competent graduates needed to fill faculty
positions, staff labs and occupy positions that require higher
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level skills. Today, however, funds and opportunities for
research seem to be at a low level, and there are many complaints
that needed funds are not available.

Of course, the lack of funds for research in universities has
been a national policy issue cutting across all subject areas,
and there are valid policy questions about the need for the funds
in a time of fiscal austerity. For example, do we need to be
produc1ng more scientists and engineers, do we need more big
science or more small science, are we overbuilt with
universities, etc?

Investments in human resources can never be counter-productive,
but it is possible to produce more graduates than there are jobs
for, and this p0551b111ty must be weighed against the genulne
need for scientists, engineers and a more educated populace in
general. Also, the need to provide funds to minority
institutions to raise their opportunities must be addressed in
the research enterprise.

The work group on research recognized these questions. They
focused on funding, social/geopolitical/economic factors,
educational priorities and linkages for coordination and
communication.

For funding, they suggested that industry sources, as well as
government, be sought. Research benefits must be publicized more
to decision makers. Increased funding to HBCU/MIs should be
provided through consortia. They suggested that duplication
should be eliminated and that priorities should be established.
Finally, they suggested that basic research should be funded
without mission orientations, and that a concept such as a
national institute for the environment might help.

In the social/geopolitical/economic category, they focused on
some of the same issues as the education group: increased
attention on non-engineering factors, more attention to global
issues, more focus on community and K-12 education and making the
needed changes to respond to societal needs. They also suggested
more application of team teaching, innovation in teaching,
emphasis on practical experience and retaining basic science.

With regard to minority institutions, they suggested that they
could find niches and affiliate with government agencies to find
opportunities. Increased awareness of opportunities for
minorities should be promoted, and linkages should be established
to promote opportunities.

The research group made an interesting suggestion about
government's role: organization of a national commission to
review water and environmental education.

Outreach
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Outreach has many dimensions, and role definition is needed to
clarify the most productive uses of resources. For example, it
is necessary to define who has responsibility to develop and
evaluate curriculum material. Science and non-science issues
must be translated into lay terms.

The question of agency commitment to outreach is an important
one. Also, value content of outreach material is a controversial
question. Some believe that outreach material is intended to
brainwash students and the public.

The new roles of the nation's Cooperative Extension program are
still evolving, but it is clear that it has a role in water and
environmental education, especially as it relates to the K-12
system and to natural resources management in general.

The mission of universities relative to outreach needs more
attention. With the financial problems of universities and
higher education in general, can it afford to do much outreach?
Also, what is the role of the tax-assisted university versus the
non-profit private voluntary organization? What about the
incentives to faculty members, considering the "publish or
perish" syndrome? Can better incentives for outreach be built
into the systems?

Minority institutions can build up more community recognition by
engaging in outreach programs, but they need the ability to get
started. They may have to compete with larger universities who
also need the recognition.

International issues

International challenges and possibilities for water and
environmental education are as complex as the plethora of global
development issues that were discussed at UNCED and at other
international conferences. How, for example, can we cross
cultural boundaries and work together more effectively to solve
water and environmental problems through education? How can
educational institutions contribute to the solutions needed?

Financial and political problems face educational institutions
desiring to help. For example, the US is apparently reducing its
already small Africa portfolio to begin focusing on Eastern
Europe, but water and environmental needs in Africa are vast, and
the potential for cooperation with HBCU's is good.

Political issues include the lack of good channels of
communication within developing countries. For example, if
materials are sent to the ministry, that might not be enough to
get them to local institutions that need then.

(note: workshop notes on international issues are being prepared)
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A workshop was also held on the possibilities of developing more

cooperation with Latin America through a proposed Latin American

Center for Science and Technology Cooperatlon (LACSTC). Notes on
the concept are attached.

Minority institutions

Problems and opportunities of minority institutions were
discussed extensively at the conference. Nzewi, for example,
highlighted some of the resource and other limitations, including
lack of funds, low levels of support, high teaching loads,
perceptions that minority institutions are small in size and
purpose, low salaries, and related management issues.

Nzewi suggested as solutions the development of donation
programs, establishment of industry-university loan programs for
faculty, organization of consortia, programs for research
initiation at MI's, increase in salaries, and funds to support
sabbaticals, assistantships and other needs in the universities.

The workshop on minority institution issues identified extensive
opportunities available to HBCU/MIs. Notes from the workshop are
attached. Some of the more impressive opportunities are: form
consortia, increase resources, build on strengths, work on K-12
issues where HBCU/MIs have unique opportunities and
responsibilities, and extend international linkages.

NEXT STEPS

In the introduction to the conference, Grigg made the observation
that two sets of problems and challenges created the need for the
conference: growing awareness of environmental issues and that
all citizens should share in the resulting opportunities and
responsibilities. He identified the following six issue
categories to study: links between higher education and K-12,
student support programs, faculty development, curriculun,
research and dissemination of knowledge. Additional questions
included: can consortia contribute to achieving the goals we have
identified; are coordinated national strategies in environmental
education needed; what kind of international linkages will
promote our goals; what is the need for focused centers for
research and outreach; how can the needed programs be financed;
and how can higher education and K-12 work better with the
private sector?

Grigg stated that the hoped outcomes could include: working
together to formulate better curricula to respond to society's
needs; working to make higher education affordable by forming
consortia and using technologies and cooperation to increase our
productivity and increase opportunities for students, faculty and
institutions; teaming up to plan and deliver the needed programs
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of education, research and outreach/training; looking for ways to
increase opportunities for students in the environmental fields,
helping them to finance and enrich their educations; and focusing
on diversity goals to find ways to respond genuinely to societal
environmental and opportunity needs.

During the conference a lot of networking occurred. Plans for a
consortium of HBCU/MIs in water and environmental education were
advanced and firmed up. A proposal for a program is under
discussion with federal agencies. Much knowledge about the
nature of the problems was shared.

Next steps include the next steps to form an effective
consortium. These will be discussed in the minutes of a meeting
held during the conference to advance the consortium. Also, the
full proceedings of the conference, including all papers,
workshop reports and this summary will be published and made
available. It is possible that followup meetings will be held,
but plans are not definite yet. Finally, all participants now
have greater understanding of the issues we face in water and
environmental education, increasing opportunities in these fields
and in promoting cooperation between institutions to work on
these problems.
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SUMMARY OF DISCUSSION AT THE WORKSHOP ON
EDUCATION IN WATER RESOURCES AND ENVIRONMENT

Chair: C.H. Pennington
Reporter: Darrell G. Fontane

The workshop was conducted by focusing on four of the suggested
twelve questions for this topic identified in the Guidelines
section of the conference proceedings. The dquestions were
considered one at a time, and each workshop participant was given
the opportunity to respond to the question. The responses of the
group to these questions are summarized as follows:

1. "[Question 1.] What are the emerging needs and challenges to
improve water resources management through hydrology and water
resources education?

Responses -

* Courses in water resources engineering lack adequate coverage
and integration of social, political, legal and other related non-
engineering relevant issues. The multi-disciplinary aspects of
water resources and environmental management need to have greater
stress. The point was made that in most situations, the water
resources and environmental problems are not engineering problems
(or the engineering problems could be readily solved) but rather
they are human problems ( social, political, etc.) There is a need
to incorporate human relationship building and effective
communication skills as part of the education process. Education
should become more "team-based" and integrated inter-disciplinary
courses should be encouraged. There should be courses in water
resources offered for non-engineers.

* Courses in water resources and environmental management should
have a more global focus. These comments had two general areas of
meaning. Global can be used to mean "international or world". 1In
this context there should be emphasis on the concept of sustainable
water resource projects. There should also be more attention to
differences in needs in developed and developing nations and an
international perspective. More attention should be given as to
how to adopt technology to developing countries. There should be
increased attempts to promote exchange and interaction among
international faculty and professionals. Global focus was also
used to mean a broader or holistic view. In this context there is
need to see water resources and environmental management not only
as "engineering or remediation" projects but in the broader
viewpoint of the entire process of water use, waste generation,
etc. Courses should have more focus on emerging issues since the
education process is educating people to solve future problems.
Similar comments were also made with respect to hydrology. Our
courses need a broader view of hydrology to encompass large
(global) scales and time scales in decades.

* Courses in water resources and environmental management need to
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have a more practical or real world focus. There should be a good
evaluation of the relevance of the education system to producing
graduates that can solve real world problems. There is a need for
more field experience and opportunities to link "classroom" models
with practical application. Increased interaction with
practitioners might be one way to help. Similar comments were
made with direct reference to hydrology. Exchange of ideas should
be promoted among hydrologists from engineering and non-engineering
backgrounds. Field experience for hydrologists should be enhanced
and hydrology education should have a stronger practical focus.

* The higher education process needs to streamline/reorganize to
emphasize team efforts, to avoid duplication and to make more
effective use of information technologies. There is a need to
improve and strengthen transfer of technology. There is a need to
have a reasonable number of graduate students for the faculty
available. There are problems in attracting science and engineering
students and faculty and there needs to be more focus on academic
achievement to get students into these fields.

2. [Question 2.] Given today's concern about the environment,
what are the needed contributions to environmental management from
education?

Responses -

* There needs to be a societal focus on environmental management.
There 1is a strong need to create public awareness of the
environment. This process must begin at home at the family level
and should be reinforced by more environmental education in grades
K-12. University curriculum also need to be modified to focus on
environmental management (for example require a course on ecology).

* The school system is not in sync with societal needs. There
need to be a revamping of secondary education to greatly enhance
the teaching of science and mathematics to include practical’
experience, intern programs, environmental projects, ecology
courses, etc. Universities could contribute by helping develop and
conduct programs for the K-12 school system.

* The scale issues discussed in the first question are also
relevant. The educational process must cover both large scale
environmental issues as well as small scale issues. For example,
small farmers/businesses need education on simplified technologies
for small scale non-point source pollution management.

3. [Questien 7.] What is the role of federal and state agencies
in promoting water and environmental education?

Responses -
* There is a need for a single Department of Natural Resources at

the federal and state level. This would eliminate the competition
and duplication of effort that current exists with multiple
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agencies involved in water resources and environmental management.
It would also serve to better focus government efforts.

* There is a need for state agencies to take a greater role in
1dent1fy1ng educational needs for K-12 and universities. State
agencies could also be more politically active in pushing for
required educational changes. Educational/government/private
advisor committees, partnerships, and other mechanisms should be
more effectively used to identify educational needs. The
educational needs should focus on promotion of policy not only on
technological needs. The Waterways Experiment Station Graduate
Institute is a good model that might be considered by other
agencies and universities.

* Federal and state agencies hold public meetings on water
resources and environmental projects and they should consider
holding some of the meeting in K-12 schools as a method of
educating children. Also environmental awareness programs
developed by children can be effectively used to educate adults.

4. [Question 12.] What are the roles of computers,
telecommunications and modern technologies in water and
environmental education?

Responses -

* The use of computer and information technology for environmental
education should be encouraged/expanded both nationally and
internationally. These technologies are the wave of the future.

* Telecommunications and video courses can be used to supplement
traditional education processes. This will be particularly
valuable to developing countries that are in the process of
building their educational system. A video tape of a lecturer is
really not using the advantages of the media. A video tape that
supplements the lecturer with real world examples, field trips,
etc. is much more exciting and relevant. Attempts should be made
to make the telecommunication education process more interactive

and enhance student - teacher contact. The use of
telecommunications and video (for example, "how-to" presentations)
are particularly effective in areas with low literacy. These

technologies can be effectively used for education of children.

* The use of computing technologies should be used to enhance the
educational process. This is important in improving the education
of math and science in the U.S. Computing technologies such as
computer visualization and animation provide a ways to illustrate
environmental processes that are not observable in nature and
promote understanding. However, computer education has to address
the need to have a practical reference. For example, students
should still learn the basics of manual calculations so that they
are not total dependant on a computer to perform simple tasks.
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WORKSHOP SUMMARY

Outreach Programs in Water and Environment

Beverly Croft, the chair of this Tuesday afternoon workshop, challenged the eight individuals
present with additional questions to those previously offered in the notebook. She questioned us on
such things as: do we practice what we preach?; are we environmentally friendly?; where does
brainwashing begin?; how do we defend our values without being defensive?; what is sustainable
development?; are we storytellers?; are we passing on our culture and values?

We raised numerous questions as we discussed training curriculum in outreach to pre-college
audiences. We discussed what are our responsibilities and who is responsible for evaluating this
training curriculum? We need a holistic (science/non-science) approach to teaching. We need to put
science in terms the lay public can understand, essentially the model Extension uses to take research-
based information and convert it into user-friendly information for the general public.

We discussed our dealings with the media and press as to how objective we should be versus
how objective we can be; what is the line that we draw so we are not "preaching” to the media.

We also questioned how committed our respective agencies are to addressing water and
environmental issues. Are they forced to because there are dollars available to drive the programs,
or is there personal commitment which allows individuals and agencies to address issues? Another
question was what is our definition of "environment"? It probably varies by individual.

We further discussed the need for curriculum clearinghouses. Huntsville, Alabama was
mentioned as having an excellent clearinghouse. The international committee that Beverly is working
on has recommended a clearinghouse to be at least partially funded by the U.S. Congress.

We decided we cannot change bureaucracies so we need to highlight the small successes and
individual achievements rather than waiting for bureaucracies to change. We also decided we needed
to use models that are currently working. The Ohio State University and Tufts University were
mentioned as models who have had success in environmental education.

Someone mentioned the possibility of changing the title from "Environmental Education" to
"Natural Resources Education." This individual felt there would be more grassroots understanding
of this terminology.

We raised the question as to how outreach should be funded and discussed the role of
community colleges. We decided because of their present focus on narrow objectives, community
colleges are not offering interdisciplinary type efforts or communication.

What forms of outreach are appropriate for universities? We felt they could be responsible
for developing curriculum. Using present infrastructures, such as Cooperative Extension, could be
very effective in outreach programs. Unfortunately, we discussed the negative attitudes toward
university outreach and decided that perhaps the role and mission of the university in general needs
to be reviewed. We do not need to reinvent the wheel, but instead use existing mechanisms and
delivery systems such as the Cooperative Extension and/or Continuing Education models as outreach
entities of the land-grant university.
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In summary, we felt pre-college outreach is critically needed in the Environmental Education
and Water Resources areas; that the public-at-large also needs information and this information needs
to be presented in an understandable manner.

We stressed the importance of networking among all agencies and individuals in an effort to
stretch resources and produce a quality product.

Funding for outreach is a challenge and may be available from multiple sources if networking
among agencies can occur. It is important to use key words that are in vogue as a way to attract
attention and, subsequently, financial resources.

A suggestion was made that perhaps at a future conference such as this, a multi-agency grant

proposal could be started and developed as a focus of the conference. No consensus, however, was
reached for this suggestion.

Submitted by,

Dennis Lamm, Reporter
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WORKSHOP ON
"RESEARCH IN WATER RESOURCES AND
THE ENVIRONMENT"

Chair: Steve Gloss
Reporter: Danny King

Chairman Steve Gloss suggested that we follow a structured
brainstorming process, asking that each participant submit three
problems in each of two categories: (1) Institutional/Policy
problems and (2) Environmental/Technical problems. .

The submittals were discussed and combined into a list of 12
problens for Institutional/Policy and 13 problens for
Environmental/Technical.

The Institutional/Policy problems were categorized as:
Funding

Social/Geopolitical/Economic

Educational Priorities

Linkages for Coordination and Communication

oooax

Each participant then submitted solutions/approaches for each
of the categories, which were then combined into a list of several
solutions for each category.

Time did not permit additional work on the 1list of
Environmental/Technical problems.

WORKSHOP ATTENDERS

Emmanuel U. Nzewi Frank A. Herrmann, Jr.
Paul Abrahams Fathey M. Saleh
Charles D. Whyte Sri Sritharan

Huey K. Lawson Bradford H. Spring
Darrell G. Fontane Ramble Ankumah

Robert W. Taylor Danny King

Steve Gloss
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INSTITUTIONAL/POLICY

1. Funding prioritization

2. Environmental equity (siting fac111t1es, etc.)

3. Manpower needs assessment

4. Insufficient funding

5. Education/research conflicts

6. Lack of interdisciplinary research

7. Linkages among government/industry/academe

8. Funding for minority faculty and students

9. Research duplication (HBCU and other schools)

10. International environmental realities

11. Jobs vs. environment

12. Need to emphasize basic physics (tendency may be toward
de-emphasis)

Main categories

A. Funding (1,4,8)

B. Social/Geopolitical/Economic (2,10,11)

C. Educational Priorities (3,5,6,12)

D. Linkages for Coordination and Communication (5,7,9)

Solutions

A. Funding

Other funding (e.g. industry)

Publicize research benefits to decision makers
Increased HBCU/MI funding (incl. consortia)
Eliminate duplication and establish priorities to
increase funding

Fund basic research without mission orientation
(national institutes for environment?)

n Redirect peace-dividend funds

moon

o

B. Social/Geopolitical/Economic

n Increase attention to these factors in teaching,
particularly international and global

o  Apply risk analysis to problems

n Structural changes

n  Programs to involve disadvantaged in conflict
resolution

r More public education (e.g. community awareness
conferences)

n Expose primary and secondary students to
environmental impact concepts
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C.

D.

9.
10.
11.

12.
13.

Educational Priorities

o  Emphasize basic and applied via team teaching

o Pilot innovative educational approaches

n National commission to review water and
environmental education

n  Emphasize practical experience in what is taught

n Retain more basic science in curriculum

n Identify niches for HBCUs/MIs and small academic
institutions (coop with govt agencies and prof.
societies

r Increase awareness of opportunities for minorities

Linkages for Coordination and Communication
n Networking with HBCUs and others
H Cooperative research with HBCUs and others
»n Exchange programs
o National water resources and environmental research
data base (already underway)

ENVIRONMENTAL/TECHNICAL

Groundwater contamination

Long-term studies in air/water; public health emphasis
Infrastructure rehabilitation

NPS pollution

Efficient technologies - GIS, conservation, reuse
Environmental policy research and training

Increase emphasis on computer hardware instead of software
Climate change

Use of management models by industry

Endangered species - socioeconomic considerations
Research on priority problem identification (research
planning)

Technology commercialization

Basic research vs. problem solving

(NOTE: Time did not permit additional work on this list of
problems.)
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Workshop on Intermational Water
Resocources and the Environmnment

Chair: Sunnie Aburime
Reporter: Victor Okereke

The group decided to take on the six questions raised in the
"Instructions" for this particular workshop. The chairman
started off by asking each participant to express their
thoughts on each question. That proved to be unworkable and
we went into an open discussion of the issues.

Below is a summary of the ideas put forward by members of
the group and the discussions that followed.

1. How can institutions cooperate more? What are the
current trends? :

Céordination of the work of all the players in the field is

critical. This is particularly important with the
international agencies, the non-governmental organizations,
the national and local government agencies. This problem
has already been recognized by many of the players. Hence,

some level of interagency coordination has already been put
into place. However this is not nearly enough.

What is most needed though was increased coordination of
activities within the national and local governments of the

developing countries. Mexico, already has introduced
increased coordination of its governmental units. Even
within the United States government, there is 1lack of
coordination in water resources issues, resulting in a
multitude of agencies that have some jurisdiction over
water. Years ago it was recommended that a federal

department of natural resources be formed to take
responsibility for all water issues, but nothing came of the
recommendation.

The collaboration between Colorado State University, the
Egyptian Government and the Egyptian Water Center was cited
as an excellent example of good collaboration and of the
benefits it can bring to all involved.

Developing countries must be willing to accept modern
technology from the developed countries. The "donor"

countrigs must also develop better expertise about the
developing countries and their needs before recommending
projects or throwing money at problems.

Officers and technical experts of the developed countries
need training in appropriate technologies. It is
recommended that the "donor" countries should refrain from
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using experts who are ignorant of the local customs, culture
and language.

It is not very encouraging that a lot of people depend on
government to make things happen. Since governments come
and go and their policies change, it would be best to reduce
the current reliance on government to make things happen
especially in a critical area like water resources. Often a
new government may be hostile to the cause. For instance,
President Reagan tried to eviscerate the Environmental
Protection Agency when he came to power in 1981.

Of course, there can’t be any cooperation without politics.
It drives everything. Hence, there is a need to educate
government officials about needs. ’

Communications need to improve between the U.S. government
and developing countries. Right now it tends to be a one-
way street: from Uncle Sam to the "small brother" and not
vice versa.

Practitioners must note that things will change slowly and
therefore need to be patient. Things are the way they are
because of history. We should not expect to change 2,000-
3,000 year practices overnight.

2. How can education help solve international problems of
water and the environment?

Universities as well as other educational institutions can

help. They can teach. They can produce the appropriate
technical materials and literature. Education in water
resources, the environment and other health-related areas
should start early. Universities should change and adopt

their curriculum to the needs of the developing countries
that they serve.

Problem solving education should be emphasized. Ways must
be found to control and/or reduce the "brain drain.”
Education of developing country nationals paid for by
national governments, non-governmental organizations and by
foreign governments must be structured in a way to prevent
the so-called brain drain.

In the end the group agreed with the sentiment expressed by

one of the members who said: "Education <can solve
everything."
3. What has been learned through cooperative efforts such

as IHP, Water and Sanitation Decade?

The developed and developing countries have learned and
gathered a heap of data. But there is little dissemination
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and use of this data. A mechanism should be devised to
disseminate the information that is already available.

IHP, Water and Sanitation Decade have identified these
problems and progress has already been made in the area.
Lessons learned have also included what not to do, the need
to be involved in the community we serve and the need to
involve host country nationals in all phases of any
development projects. This should be the case in water
resources as well as in any other sector including the
environmental program.

4., Are there special opportunities and responsibilities for
U.S. institutions to cooperate with African and Latin
American institutions?

The greatest role for American universities would be the
dissemination of results and problems encountered in problem
solving in the United States and elsewhere. They can also
help by publishing reports of their work and making them
more available to people who can use them. This 1is
particularly important because many agencies tend to hoard
information. It gives them power. The use of the mass
media should never be overlooked in this regard.

What most developing countries need 1is information not
money. So, U.S. universities can help by giving them useful.
technical information. Of course, such information should
be both relevant and appropriate.

5. How can the international and bilateral agencies help in
such cooperation?

The group felt that the answer to this question is imbedded
in the others and moved o to question #6,

6. How can education, training and research be improved in
developing countries?

The group felt that:

- Education should start early with mom and dad and
should never lack a building block at any level.

- Educators should listen to local people and relate to
them on equal terms. That is the best way to influence
people and effect needed changes.

- Local 1leadership should never be overlooked in any
facet of the educational system and process.

- Developing countries should come to the developed
countries with an agenda, a shopping 1list of their
needs. That is the only way they can hope to get
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anything out of their relationship with the developed
nations.

Structure foreign student education in the U.S. to
facilitate smooth reentry into their societies when
they return home.

Develop 1linkages between American and developing
country universities to facilitate technology transfer.

-30-



Summary of Workshop - International Water Resources and the Environment: Latin
America

The goal of the workshop was to discuss the proposed Latin American Center for Science
and Technology Cooperation (LACSTC). The idea of a center as originally suggested by
Sherry Oaks, Earth Resources Department of Colorado State University to colleagues at
CSU and at other institutions, was to create a mechanism for closer on-campus cooperation
between faculty in the Colleges of Natural Resources and Civil Engineering, and others who
are specifically interested in Latin America, particularly on the issues involving resource
conservation and natural hazard mitigation. The original concept focused upon establishing
partnerships with colleagues at institutions in Latin America.

The management of the environment and the management of economic development are
issues of prime importance for balancing human growth needs and environmental limits of
sustainable development. The increasing losses from natural hazards in Latin America is
indicative that development practices are not sustainable.

Sustainable development and hazard mitigation are interconnected. During the 1990’s U.N.
International Decade for Natural Disaster Reduction (IDNDR), the ability to cope with
routine disasters may be enhanced if resource management and hazards management can
be integrated. Sustainable development can be bolstered by disaster reduction; hazard
mitigation can help shape "safer" development. Hazards management is a subset of
environmental management, but it is a key subset in a region where single disasters reduce
a decade of development gains or where conditions of poverty and debt erode the resilience
of human and environmental systems daily.

The focus of the center is proposed to include education, training, and research in these
areas of resource management and hazards management. As contained in the original
proposal presented at the conference workshop (see below) the center would focus on
cooperative opportunities and joint ventures between CSU and colleagues at universities,
centers, institutes, governmental entities, non-governmental organizations, and other
institutions in Latin America.

The support for the idea of the center appeared unanimous in the workshop comments from
colleagues in Latin America present at the workshop. Colleagues at CSU reiterated the
goals of joint development of research projects and "new directions” for "sustainable,
culturally and environmentally sensitive intellectual alliances." The strengths of the CSU
campus in water resources, natural resources, and other related fields including
environmental health and natural hazards, along with capabilities in remote sensing and GIS
applications, provide an integrated scientific and technological base for collaborative
research, education, and training initiatives and cooperation with interested parties.

A partial list of organizations and entities interested in cooperative ventures with the
LACSTC include:
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1. Centro de Investigacion y Estudios Avanzados de Unidad Merida, Mexico and Pronatura
de Yucatan, Mexico,

2.U.S.-Latin American Partnership, a consortium of U.S.and Latin American organizations
focused on natural hazard mitigation,

3. Center for Latin American Studies - University of Florida,
4. Hazard Reduction and Recovery Center - Texas A&M University,
5. Colorado Natural Hazards Mitigation Council, and

6. The U.S. Committee on the International Decade for Natural Disaster Reduction.

On the CSU campus, faculty from the Colleges of Natural Resources and Engineering, as
well as colleagues in Environmental Health, have expressed interest in the LACSTC. The
scope of the LACSTC at CSU revolves around the interest and commitment of colleagues
on campus and their established and growing professional interrelationships with colleagues
in Latin America.

At the present time there are several proposed models for the LACSTC on campus and for
presenting the strengths of Colorado State University. A proposed model includes faculty
fellows at the CSU campus and associated faculty fellows at participating institutions and
organizations, especially colleagues in Latin America. The proposed model includes ideas
for cooperative opportunities between CSU faculty and graduate students with faculty and
graduate students at participating Latin American institutions in research, education, and
training. As the concept of the LACSTC continues to evolve, colleagues and interested
parties are encouraged to participate in the formation of the center’s goals, objectives, and
strategies for cooperative research, education, and training. The formalization of the
LACSTC will provide a mechanism for inter institutional cooperation with colleagues at
partner institutions and organizations Latin America.

. The Latin American Center for Science and Technology Cooperation (LACSTC)
Purpose, Goals, and Cooperating Parties

The LACSTC is a joint cooperative venture between faculty at Colorado State University,
specifically the Departments of Earth Resources and Civil Engineering in the Colleges of
Natural Resources and Engineering, and colleagues at universities, centers, institutes,
governmental entities, non-governmental organizations, and other institutions in Latin
America.

The LACSTC provides an organizational structure for joint research, education, and training

in science and engineering between faculty and other professionals, along with graduate
students, for the advancement of knowledge and application of sustainable management of
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natural resources. Fields of expertise of cooperating parties include geosciences, forest
sciences, marine sciences, ecology, natural resource conservation, natural resource
management, recreation resources management, natural hazard mitigation, water resources
engineering, environmental engineering, structural engineering, environmental policy
analysis, and remote sensing/geographic information systems.

Specifically, the LACSTC focuses on basic and applied research, education, and training in
the areas of resource management, natural hazard mitigation, and specific economic
development sectors like ecotourism. Initially, goals of LACSTC include: 1.) identification
of opportunities for cooperating institutions to enhance their educational programs with new
initiatives in environmental education; 2.) joint development and exchange of curriculum
and training between the participating universities and organizations; and 3.) joint
development of basic and -applied research proposals on environmental issues to be
submitted for funding to foundations and international agencies.

In working toward the interrelated environmental and societal goals of sustainable resource
management, the cooperating parties of the LACSTC are committed to working together
along with people, their governments, and other organizations throughout the western
hemisphere on the understanding and management of natural and human resources.

Submitted by:

Co-Chairs : Sherry Oaks/Jorge Ramirez
Co-Reporters: Sherry Oaks/Jorge Ramirez
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The Latin American Center for Science and Technology Cooperation (LACSTC)
Purpose, Goals, and Cooperating Parties

The LACSTC is a joint cooperative venture between faculty at Colorado State University,
specifically the Departments of Earth Resources and Civil Engineering in the Colleges of
Natural Resources and Engineering, and colleagues at universities, centers, institutes,
governmental entities, non-governmental organizations, and other institutions in Latin
America.

The LACSTC provides an organizational structure for joint research, education, and training
in science and engineering between faculty and other professionals, along with graduate
students, for the advancement of knowledge and application of sustainable management of
natural resources. Fields of expertise of cooperating parties include geosciences, forest
sciences, marine sciences, ecology, natural resource conservation, natural resource
management, recreation resources management, natural hazard mitigation, water resources
engineering, environmental engineering, structural engineering, environmental policy
analysis, and remote sensing/geographic information systems. :

Specifically, the LACSTC focuses on basic and applied research, education, and training in
the areas of resource management, natural hazard mitigation, and specific economic
development sectors like ecotourism. Initially, goals of LACSTC include: 1.) identification
of opportunities for cooperating institutions to enhance their educational programs with new
initiatives in environmental -education; 2.) joint development and exchange of curriculum
and training between the participating universities and organizations; and 3.) joint
development of basic and applied research proposals on environmental issues to be
submitted for funding to foundations and international agencies.

In working toward the interrelated environmental and societal goals of sustainable resource
management, the cooperating parties of the LACSTC are committed to working together
along with people, their governments, and other organizations throughout the western
hemisphere on the understanding and management of natural and human resources.

For More Information Please Contact:

Sherry D. Oaks

Assistant Professor

Earth Resources .
College of Natural Resources

Jorge A. Ramirez
Assistant Professor
Civil Engineering
College of Engineering
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WORKSHOP ON
"MINORITY ISSUES IN WATER RESOURCES
AND ENVIRONMENTAL EDUCATION"

Co-Chairs: Sunnie Aburime/Omnia El-Hakim
Reporters: Bradford S. Price/Kristan Cockerill-Kafka

The workshop was conducted by focusing on the 1list of
suggested twelve questions for this topic identified in the
Guidelines Section of the Conference Proceedings. The questions
were considered one at a time, and each workshop participant was
given an opportunity to respond to the question. Responses to
these questions follow:

l. What are the unique opportunities and challenges for
Historically Black Colleges and Universities?

a. Opportunities

1. Research collaboration with each other and>major1ty'schools,

2. Increase funding for research at HBCUs

3. Increase educational level

4. Develop underrepresented groups in the mainstream of
society

5. Become involved in environmental clean-up

6. Develop leadership skills of students through curriculum

7. Funding from AID and other agencies for Ph.D.s for
minorities and women. Equate HBCUs and MIs as foreign
countries.

b. Challenges

1. Develop consortium to seek increased funding from federal
sources

2. Develop quality students

3. Inform high school students of HBCU and MI existence
through press releases, open houses, outreach to business

4. Increase the number of Ph.D. Black Americans

5. Bring faculty up to state of the art in their discipline

2. How can networks be formed? What can they do?

How:
a. This conference is a good start...must maintain
momentum
b. Faculty exchange program, faculty interaction
- includes formal, semester type teaching exchanges

- includes informal short-term, 1-2 week visits and
meetings

- both need money to fund travel and expenses
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What:

C.

Form horizontally linkages between universities and
vertical linkages with agencies (especially those
found on campus) - need both

Consortia is good way to network internally, is large
entity, smaller arrangements. between 2-3 schools
(min. & maj.) is better for external networking,
especially for submitting proposals

Must include local schools and industry, and must
include political element

a. Among institutions must recognize what the institution

b.

is good at, and what they are not good at, then share
this information with other institutions!

Don't necessarily need to do it all...use incubator
and tiger team approach to develop successful
proposals

c. Can share resources and info...money is not always the

Issues:

a.
b.

c.
d.

answer, things can be done with limited funding by
working together. e.g. IRIS lists funding
available...donations of equipment

Money

Maintaining momentum of consortium even beyond
federally funded years. Failure is management failure
Need communications - electronic, satellite, etc.
Still trying to figure out how to get together

4. What are the opportunities to work in international development?

a. Already involved to some extent. Strengthen it.

b. Increase relationships with majority universities to
develop joint proposals that involve faculty from both
schools

c. Foreign countries request increased involvement of
HBCUs/MIs in research sponsored by AID, etc.

How can universities help more with K-12 problems, and with
socio-economic problems in general?

- Develop relationships with high school counselors

- Work with schools for two direction approach:

K-12 students coming to universities,

University professors and students going out to K-12

- is essential for K-12 kids to see labs, actual work,
students, etc.

Need three prong approach

Student

Parent Teacher
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Poorly trained K-12 teachers are a leading discouragement,
therefore, need to help train these teachers on their own
turft
High school students are not receiving adequate instruction
Money is still an issue
- NSF provides fund for these types of programs
- Need to include outreach monies in proposals submitted
- Can start small by identifying dedicated, qualified
people to get something going
- Need communication to exchange ideas, to get
information out in a multi-media format - takes money
Still issue of providing remedlal support to freshman &
sophomores as well
Must not only get good students, must graduate good students

9. What is the best way of managing the Consortium

a.

b.

Board of Directors - Representatives from each school,
elect chair, chair rotates

Management Office - Executive Director and staff to manage
day to day operations. Concerned with cost management, time
management and political management

11. How many should collaborate in the Consortium as members; Is
there an optimum size of the Consortium?

a.
b.
c.
d.

Currently 117+ total HBCUs/MIs

Identify number with water resources elements/programs
Based on level of cooperation could have 20+

Develop criteria for inclusion in group
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MAJOR ISSUES IN WATER RESOURCES FOR THE 90’S

Evan Vlachos!

The tremendous increases in the use of water by agriculture and industry, as
well as the pressures from rapidly expanding populations, all indicate a growing
concern for global water shortages in the near future. At the same time, increased
concern all over the world has to do with how to return water to the source and also
guarantee that such a return is not spoiled by waste, soil runoffs and thermal
discharges.

There is no need to repeat the ubiquity of water and its centrality in the
evolution of human civilization. To sum the obvious: water is fundamental to all life
form, affecting all ecosystems, it is spatially and seasonably unevenly distributed, and
the various uses to which water is put often compete, both quantitatively and
qualitatively, with one another.

As one looks back at the last 20 years and the transitions necessary for the
1990s one is also struck by the increasing emphasis on the variety of environmental
challenges, the search for sustainable development, the promotion of integrated
planning and management, and the attempt to combine structural and non-structural
solutions to persistent water resources problems.

If we were to summarize four broad areas of on-going transformations in
water resources, we should emphasize: a) conceptual breakthroughs, including
shifting paradigms in terms of complexity, uncertainty, turbulence and
interdependence of surrounding environments; b) methodological advances, especially
multi-purpose/multi-objective approaches, Decision Support Systems, Risk Analysis,
and the 1mp11cat10ns of rapidly expanding computational prowess; ¢) organizational
mobilization, in terms of new administrative mechanisms, institutional arrangements,
renewed interest on river basin interdependencies, contingency planning, Alternative
Dispute Resolutions, etc.; and d) substantive concerns, signifying the entire gamut of
on-going and future quantity and quality problems, new areas of concern, shifting
priorities, potential intervention mechanisms, etc.

It is to the last that we must concentrate attention as a variety of crises focus
attention to different aspects of water resources in the 1990s and beyond. These
crises include potential climatic shifts (e.g., water supply, rising sea level),

Professor of Sociology and Civil Engineering, Colorado State University
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megaruptures (including dam safety and toxic spills), socio-political changes (with
attendant institutional challenges, alternative management schemes, etc.),
transboundary dependencies (and the comprehensiveness of planning and
management beyond traditional political boundaries), and the overall consequences
from the fast pace of technological developments.

The problematique to be discussed, then, emanates from cross-cutting
concerns having to do with the release of water for new demands; the maintenance
of agricultural productivity; the minimization of water quality degradation; expanding
economics dependent on water; the lack of appropriate institutional and legal
infrastructures; and education, training, public information and the transfer of
knowledge.

Following such general premises the major issues to be discussed include: a)
global climatic changes, b) infrastructure maintenance; c¢) planning for extreme
hydrologic events; d) groundwater protection; e) bays, estuaries and wetlands; f) dam
safety; g) the future of irrigated agriculture; h) water supply and wastewater; and i)
enhancement of water-related recreation.

The above are but only one indicative list of interrelated issues having to do
with the management of water resources for sustainable development. Such critical
issues and management schemes imply environmental instrumental values,
stewardship ideology, intergenerational equity and appropriate technology
commitment. In essence a transformation in paradigms from that of unlimited
resources (frontier economy) to one of finite resources and of environmental
accounting (sustainable development). In this context water resources management
requires continuous coordination between such conflicting and complimentary
purposes as: resource planning for substantial economic output; regional planning
for successful human habitat; facility planning for technical efficiency; ecological
planning for biotic fitness; and, social planning for community integration.



MAJOR ISSUES IN ENVIRONMENT FOR THE 90’S

J. Eleonora Sabadell*

For more than twenty years now the United States and many other countries have
recognized that our use of the environment has been and continue to be far from
benign and that the environmental problems are still mounting. Past and ongoing
misuse of natural resources, uncontrolled releases of contaminants into air, soil and
water, and unsound disposal of toxic and non-toxic wastes are some of the practices
that have created serious damage to local, regional and global environment.

The continuous decline of the quality of human life and of the ecological systems in
many areas of the world has been the critical concern of a myriad of researchers,
experts, politicians, managers and the general public. During the last two decades
much activity has taken place for the identification, evaluation and mitigation of
environmental risks, and laws and regulations for the protection of the environment
have been developed and implemented in the United States and elsewhere. The
mixed success of these measures, often at great costs, bespeaks of the magnitude and
intractability of many of our environmental problems.

Additionally, in recent years the discovery of the ozone layer depletion and the
possibility of a change in global climate, both the results of human activities, has
generated strong public attention. All these environmental problems have been the
object of a great number of international and domestic reports, conferences,
programs and projects, with the latest major assembly taking place in mid June 1992,
the United Nations Conference on Environment and Development in Rio de Janeiro,
Brazil, twenty years after thc first international conference on the environment in
Stokholm, Sweden.

Which are the environmental issues for the next decade? It is probably safe to say
that chemical contamination will continue for the foreseeable future in air, water and
soils at decreasing levels from today’s because of retrofitting and redesigning of
production processes.

Some gains will be made in energy conservation in developed countries resulting in
some reduction in CO2 and other greenhouse gases emissions. Future energy
consumption in developing countries is a matter of debate and many of the scenarios
proposed present great variations in their outlooks. The level of greenhouse gases
emission will continue to increase in the near future. Changes in global climate may
have secondary effects such as changes in the pattern, frequency, intensity and
location of precipitation and wind which, in turn, could substantially alter the
environmental conditions of large geographical areas.

* National Science Foundation, Washington, D.C.



The possibility of biological contamination, especially from genetic engineering and
other bioengineering activities, will grow if these industries are not regulated
substantially. Toxic and non-toxic waste disposal will continue to be a very serious
problem especially for industrialized countries. Recycling will have to be subsidized
for some time before it may become profitable.

Underlying these problems and in developed and developing countries alike, we still
find that the limited and uneven distribution of knowledge and education is one of
the main causes of environmental decay. The vicious cycle of poverty, uncontrolled
population growth, inappropriate land uses, exploitation of resources, unsafe
technologies, and proliferation of hazardous sites, are some of the results of these
failings and nowhere the environmental problems are more evident than in many of
the rapidly growing cities of the world. '

The processes of transferring environmental knowledge and of educating about
environmental matters has not been effective in both, developing and developed
countries, and from developed to developing nations. Much of what is already known
could be disseminated effectively to all whom could benefit from it if these efforts
would be given the priority they deserve.

Agendas for environmentally sustainable economic growth have been developed and
the call for compacts, agreements, treaties, and other regional and international
arrangements have been proposed by a number of governmental and non-
governmental organizations at the Earth summit and elsewhere. It should be noted
that there is general agreement on the fact that implementing any of these actions
will be extremely difficult, and that it will take strong political will, innovative
economic approaches, leadership from developed and developing countries alike for
resolving their own domestic issues and the settlement of transboundary conflicts to
achieve some success.

Advances in safe technologies, non-regret policies, sustainable development
approaches, if and when adopted, will help in bringing under control further
environmental deterioration, in diminishing future risks and mitigating existing
problems. Nonetheless, decision-makers will have to recognize the importance of the
human dimension, along with the chemical and physical origins, of pollution
generation if we are to succeed in reclaiming the quality of our planet.

Note: The views expressed in this paper are those of the author and do not reflect
the official policy of NSF.



National Priorities:
- A Vision for Education in Water Resources and Environment

By Neil S. Grigg!

Water resources and environmental management are two of the major
resource issues facing the planet. Education may be the top social policy
issue in the US, along with meeting the needs of an increasingly diverse
population. Building human capital is necessary to build economies and
societies. The subject of this paper is: how can our educational system focus
on these joint problems of environment, education, and diversity?

In this paper, education is taken in a broad sense to include knowledge
generation and transfer. In that sense, it includes the three missions,
education, research and outreach. It also includes different levels of each of
these, for example, formal education will include K-12 right on through
graduate training. Education also includes public non-formal education,
vocational training, and continuing education for professionals. Finally, it
looks broadly at providers of education, including formal and informal
educational systems. Figure 1 presents a simple model of this educational
system.

PROFESSIONS

SCIENCE
MATHEMATICS

GRAD
BS

K-12

PUBLIC EDUCATION
LIFELONG LEARNING

Figure 1. A Model of the Educational System

'Department Head, Civil Engineering Department, Colorado State University
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Environmental crisis. If any one thing can be said about the environmental
crisis since its "birth" at Earth Day 1970, it is that it has intensified and
diversified. Certainly educational programs is a necessary key to overcoming
this crisis.

The intensification is due both to actual problems and to public perception
of problems. Actual problems include population growth, industrialization
and the release of increasingly exotic wastes, such as wastes that result from
nuclear energy, biotechnology and microelectronics industries. Categories of
environmental issues include water problems, air quality, land use
management and a group of overarching issues such as public health,
managing the indoor environment, toxic substances, hazardous wastes
management, preserving biodiversity, energy management and nuclear safety.

Public perception is due both to sophistication of public relations efforts of
environmental groups and to the gradually increasing awareness of ordinary
citizens about real environmental issues that affect their health, pocketbook
and quality of life.

Of course, the purpose of education for water and environmental
management, as distinguished from general education, is to prepare
professionals and other workers for the industries that have responsibility to
manage water and the environment. Public and private sector organizations
will be involved, to include federal, state and local government,
manufacturers, consultants and research organizations, public interest
organizations, universities and educational organizations.

Table 1 shows categories of environmental issues and the industries and
organizations with management responsibilities. The table shows the breadth
and diversity of the industries and issues that our educational efforts should
aim at.

Environmental issues receive different priority in different countries and
cultures. In the former Soviet Union and Eastern Europe, environmental
problems have reached the nightmare stage. In the Third World, an
indication of the concern about environmental issues is the priority given to
them by investment banks such as the World Bank and the smaller cousins for
Latin America, Asia and Africa.



Table 1. Environmental Issues and Organizations

ENVIRONMENTAL ISSUES INVOLVED

Water Issues

water resources management

safe drinking water

poison runoff control

wastewater management

drought water management

ocean and coastal water management
recreational water management
irrigation and drainage

flood and stormwater management
industrial water supply

aquatic habitat management

Air and Climate Management

air quality control
industrial emissions technology
climate/atmosphere research

Land Use Management

land use control and planning
soil erosion

deforestation

endangered plants

wildlife management
sustainable agriculture
forestry .
desertification control

Other Issues

public health management
indoor environment

toxic substances
hazardous wastes
endangered species
energy management
population control
nuclear safety

ORGANIZATIONS
Public S Organizati

federal agencies

state agencies

local agencies

public utilities
research organizations
public schools
universities

Private S Oreanizati

manufacturers

consultants

suppliers

publishers/press

public interest organizations



Often when Third World environmental issues are discussed, the issues of
poverty in the South and consumption in the North arise. These will be
centerpieces, for example, at the UN Conference on Environment and
Development (UNCED), to be held in Rio in June 1992 (Business Week, May
11, 1992, and Time, June 1, 1992). At UNCED, the bill for environmental
cleanup will be quoted in the range of $125 billion per year by the year 2000.
This is called Agenda 21, the proposed action plan to be considered by
UNCED.

Environmental issues may cause increasing conflict rather than be solved by
concerted action and cooperation, like at UNCED. While environmental
issues are receiving more attention and have gained higher priority with
business and government leaders, it is not clear that solutions are in sight.
The Wall Street Journal mused about this recently: "...the environment may
become the hottest issue of the ’90’s, superseding political or cultural
differences as a source of international tension ... Americans of all persuasions
should commit themselves to making the world a better place when the
millennium ends. A safe ecological environment may have as much strategic
importance in 2000 as a stable political environment does in 1990" (Wall
Street Journal, January 1, 1990).

Educational crisis. If there’s any subject that has received more recent
attention in the US than the environment, it is education. The discussion has
been complex, with K-12 levels receiving most attention, mostly because they
are linked to social and economic issues. The subject of education has so
many components that we need a model to locate which part of the issue we
are discussing.

While our focus at this conference is at the university level, it involves all of
the categories shown in Figure 1. We are primarily interested in students with
aptitudes for science and mathematics, although other skills, primarily
management and communication, are also necessary. In the formal education
pipeline, students will exhibit interests in science and math early on, and as
they progress through the pipeline, they become progressively more specific
in their paths. For example, environmental engineers at the graduate level
will have cast their vote for chemistry, biology and engineering. A hydraulics
engineer will have cast a vote for fluid mechanics and related subjects, etc.
Today, with the half life of formal education being short, lifelong learning is
quite important. It includes continuing education for all skill categories. The
other main category is public education. It is necessary that the public have
an appreciation for the complexity, conflict and correct value choices in water
and environmental management.



Although most of the national education policy attention has focused on K-12,
universities are going through an identity crisis. Time’s recent cover story
described it as "The College Crunch: strapped for money, educators are
reinventing the university for the 21st century” (Time, April 13, 1992). "By the
year 2000, American colleges and universities will be lean and mean, service
oriented and science-minded, multicultural and increasingly diverse - if they
intend to survive their fiscal agony."

In a perceptive analysis, J. Wade Gilley presented the challenges as driven by
a new economic age, a science-driven economy, changing mores and families,
changing demographics driven by aging, diversity, and economic disparities,
and shifting economic centers and urban organization paradigms. He
reported the main issues from a survey of college presidents as: minority
participation in higher education, financing higher education and making it
affordable, replacing qualified faculty, helping the US keep its competitive
edge, making governance and leadership work and improving the public
schools (Gilley, 1991).

Categories of proposed solutions to the K-12 education crisis have been
summarized by John Akers, CEO of IBM and chairman of the Business
roundtable task force on education: "National assessments, accountability,
choice, parental responsibility, local control, and support for preschool
children are key to rejuvenated resurgent American educational system. We
must go beyond tinkering to fundamental, far-reaching reforms, or see the
leading industries, jobs, products and technologies of tomorrow - the engines
of America’s future - fall into the hands of those faster, better-educated and
tougher-minded than ourselves... This is my conclusion after accepting the
President’s challenge to direct a drive by America’s largest corporations to
help restore excellence in the K-12 schools" (Akers, 1991).

Comparing Akers and Gilley’s analyses, it is apparent that social and
economic trends will drive change in our school systems. The new economic
and political organization paradigms and the changing population mixes will
place demands on both K-12 and higher education. We can look at these
demands for signals as to how we can identify opportunities.

The focus on a competitive edge and science-driven economy will intensify the
need for environmental education, as well as provide workplace opportunities
for graduates. Changing population mixes and increasing diversity signals us
to be sensitive to how we can respond to the changes. These, and other
socioeconomic issues, create the background for our attention.

The higher education issues that relate to our opportunities are leading and
financing higher education, replacing qualified faculty and helping the public
schools. We can give attention to the general issue areas identified by Akers,
assessment, choice, local control and support for preschool children, but I



suggest that our focused mission, interpreted within the larger context of
educational issues, should boil down to six main goals:

- Link with K-12: working with the public schools to prepare kids for careers
in science and engineering, with an environmental focus;

- Student support: providing support and encouragement to assure the success
and quality of graduates in BS, MS and PhD programs;

- Faculty development: developing and equipping faculty in environmental
science and engineering for all institutions, with attention to needs of
HBCU/Mis;

- Curriculum: developing and enriching effective methods and means to
disseminate and transfer environmental knowledge;

- Research: providing the knowledge base to solve environmental problems;

- Dissemination: monitoring the transfer of knowledge to assure that our
institutions and the public have the knowledge needed for informed solutions
to environmental problems.

Educational system providers must work together to pursue these goals.
These providers are K-12, community colleges, four year colleges, universities,
graduate/research institutions, continuing education groups, including the
private sector, outreach organizations, interest groups and miscellaneous
private sector organizations. In addition to the environmental industry groups
have vital stakes in the outcomes. These include: water and environmental
management organizations and regulators, education agencies, environmental
groups and public interest organizations, professional societies and trade
groups, water users, industries, chambers of commerce and economic
development agencies, the military and the publishing industry.

i . The issues and questions that fall within the framework of the
five goals stated earlier are broad. In this section I list a few of them, and
expect that at the conference workshops more will be identified.

Link with K-12

How does higher education work with K-12 more effectively? What are the
needs of K-12 to do a better job? Some possibilities include teacher training,
field experiences, student programs and other enrichment activities, and
scholarships. Under the school choice category, some universities, as in
Boston, have proposed to take over the management of public schools.
Rather than this, are there some partnerships that can work?
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Student support

Students need support in a variety of ways, financial, mentoring,
administrative, and academic. Today, students come from a variety of
backgrounds, non-traditional ages, minority populations, other fields, etc.
How can we respond best to their needs?

Faculty development

We need to replace qualified faculty, and to provide faculty for the minority
institutions. Also, there is a need to provide continuing education and support
mechanisms for the faculty members who are in service. How can these
faculty resources best be provided?

Curriculum

There are many curriculum issues to deal with, for example, hydrology
education. One of the issues is the future of the hydrologic sciences (NRC,
1991). Educational issues diverge between the engineering and science
approaches to hydrology. The framers of the NRC report compare this to the
difference between chemistry and chemical engineering. The report
recommends that hydrology must "escape mere inclusion as an option under
engineering, geology, or natural resources programs".

Another example is environmental engineering education where the subject
matter is broader and more complex than hydrology. At the Sixth Conference
on Environmental Engineering Education, held in Corvallis in August 1991,
a number of issues were studied (AEEP, 1991). They saw that the profession
has the choice to stay with present water focused programs, or to expand to
meet society’s needs, presumably hazardous waste. They recognized that
graduates of present undergraduate engineering programs were not prepared
to enter graduate training in environmental engineering. They saw
possibilities to introduce new depth and variety at both BS and graduate
levels. They affirmed their belief that the MS should remain the entry level
degree for work in environmental engineering, and they resolved that there
should be a greater presence of environmental engineering at the BS level.

There are many other curriculum issues to deal with. They can be organized
by problems, by disciplines, by level, by provider and by industry.
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Research

One of the primary questions about research is whether there is sufficient
support for it. Research budgets have been cut in federal agencies, and it is
difficult to gain support for faculty and graduate student support. How can
this be remedied?

Dissemination

Public education and outreach programs is a diverse category that includes
both continuing education and training, and public education. I have not
focused on it in this paper, but anticipate a productive workshop at the
conference. Issues and solutions need to be identified.

nclusi

Water resources and environmental management are two of the major
resource issues facing the planet and require formal and informal education
programs for solution.

After analyzing issues, I have concluded that six issues should receive
attention at this conference: links between higher education and K-12, student
support programs, faculty development, curriculum, research and
dissemination of knowledge. The workshops should identify issues and
solutions in each of these areas.

Additional strategic questions include: can consortia contribute to achieving
the goals we have identified; are coordinated national strategies in
environmental education needed; what kind of international linkages will
promote our goals; what is the need for focused centers for research and
outreach; how can the needed programs be financed; and how can higher
education and K-12 work better with the private sector?

For a personal vision of what we can achieve by working together on these
problems, I put forward the following ideas:

1. We should work together to formulate better visions of the needed
curricula in water and environmental fields, making sure that they respond to
society’s broad needs;

2. We should work on the problems of making higher education affordable
by forming consortia and teaming up to use technologies and cooperation to
increase our productivity and increase opportunities for students, faculty and
institutions;
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3. Higher education and management agencies and institutions should team
up to plan and deliver the needed programs of education, research and
outreach/training;

4. We should always be looking for ways to increase opportunities for
students in the water and environmental fields, helping them to finance and
enrich their educations;

5. We should focus on diversity goals, not just for the isolated purpose of
changing the distribution of the faculty or student positions, but to find ways
to respond genuinely to the realities of the changing population and to
cultural differences in water and environmental management.

I believe that through the programs we will discuss at the conference, we have
an excellent opportunity to work together to develop coordinated and joint
solutions to problems of environmental management, education and diversity.
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Issues in Water Resources Education
James P. Heaney!

INTRODUCTION

Water resources is an applied multidisciplinary field with input from
engineering (agricultural, civil, environmental, geological, and mining), natural
sciences (biology, chemistry, computer science, geography, geology, hydrology,
mathematics, meteorology, physics, and statistics), and social sciences
(economics, law, political science, and public administration).

Graduate educational programs in water resources exist at over 100
universities in the United States. However, the water resources descriptor didn’t
emerge until the early 1960’s when federal legislation was enacted to promote
broader-based research related to water problems.

This paper provides a brief historical perspective on the evolution of water
resources education. Then, some issues as seen through the eyes of the author
are presented.

EVALUATION OF EDUCATION IN WATER RESOURCES

Systems Approach in the 1960’s

During the late 1950’s, a major water resources program was developed
at Harvard University (Maass et al., 1962). This group consisted of Harvard
faculty from several areas of the university along with high-level scientists and
engineers from the federal water agencies. This multi-disciplinary group
evaluated the potential advantages of using a variety of computer-based simulation
and optimization models for evaluating water resources problems. Their
optimistic conclusions regarding the potential value of computers in water
resources led to the formation of systems analysis programs at numerous
universities, e.g., Northwestern, Cornell, UCLA, Johns Hopkins. In addition to
computer-based methods, the Harvard program stimulated strong interdisciplinary
links between engineering and the social and behavioral sciences. These systems
analysis approaches are now an integral part of water resources education
(Loucks, Stedinger, and Haith, 1981).

'Professor and Chair, Department of Civil, Environmental, and Architectural
Engineering, University of Colorado, Boulder.
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Environmental Movement of 1 70’

The strong environmental movement of the early 1970’s prompted further
shifts in water resources education to provide students with a better background
in water quality and ecology. Thus, water resources students now could be
expected to have a background in water chemistry and biology with an
appreciation of environmental impacts. Associated with this movement was a de-
emphasis on the social sciences, particularly economics, since benefit-cost
analysis was not a part of the major environmental legislation of the early 1970’s.

Wastes- 1980°

The water resources field was further modified in the 1980’s by very
strong new initiatives in characterizing and controlling solid and hazardous
wastes. The major impact on educational programs in water resources was
providing students with course work and research dealing with the unsaturated
and saturated subsurface zones. Interested students also began taking additional
course work in geotechnical engineering, hydrogeology, soil physics, and soil
chemistry.

Hydrologic Sci - he 1990’s?

The most significant recent shift in the water resources field is the growing
recognition of the need for programs in hydrologic sciences. The catalyst for this
awareness was a recent National Academy of Sciences report (Eagleson et al.,
1992) which strongly recommended such a program. Their primary argument is
that the field of hydrology has been too strongly influenced by applied problems,
typically in engineering. Thus, insufficient attention has been devoted to
understanding the basic physical, chemical, and biological processes.

CONTEMPORARY ISSUES IN WATER RESOURCES EDUCATION

Water resources education in the 1990°s will continue to be driven by its
strong applied focus, e.g., global climate change, deforestation, severe pollution
problems in eastern Europe. However, the evolution of graduate programs in the
hydrologic sciences could have a major influence on future directions in this field.
The extent of the impact of the hydrologic sciences is somewhat dependent upon
the availability of research funding. The National Science Foundation has
recently initiated a modest program in this area.
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The above discussion has illustrated how the water resources field has
been impacted by a combination of the availability of new methods, e.g.,
computer science, and a changing .set of problems, e.g., groundwater
contamination. However, I would like to focus the balance of this paper on how
water resources education is apt to be influenced by a new set of external forces
emanating from the public’s view of the role of universities in society.

The period of time during which the water resources field has grown so
rapidly corresponds to an unprecedented growth of universities in general, and
programs in science and engineering in particular. As mentioned earlier, over
100 U.S. universities now have graduate programs in water resources. This
growth is based on the ability of these programs to have a viable market for their
graduates, and the opportunities for their faculties to obtain sponsored research.

Universities are increasingly being challenged to be more "productive" and
to devote more of their energies to teaching, especially undergraduate students.
Prospective employers of these students expect them to have some background in
newer management techniques such as total quality management. The extent to
which universities adopt these new methods remains to be seen. If they do, then
water resources education will be impacted accordingly since some fundamental
changes in attitude are required. For example, the cultural changes listed in
Table 1 are essential ingredients.

Table 1. Cultural changes needed to implement Total Quality Management

(TQM).
From To
Bottom line emphasis Quality first
Meset specification Continuous improvement
Get product out Satisfy customer
Focus on product Focus on process
Inspection oriented Prevention oriented
Sequential engineering - Simultaneous engineering
Compartmentalized activities Cooperative team efforts
Focus on models Focus on databases

Contemporary university education puts a premium on competitive,
individual efforts to "solve" problems at the least cost. The educational process
partitions the overall problem into numerous subsets. Students learn how to
analyze their portion of the problem. They receive input from others and pass
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the results of their analysis "over the fence" to the next person. How will such
changes in attitude and philosophy affect water resources education?

Starting with the technical side of this possible modification in our
approach to water resources education, three major improvements are needed in
our educational process:

1. Statistical quality control. Fortunately, statistical methods already play an
important role in water resources. Thus, it should not be too difficult to add this
subject to the curriculum.

2. Metrology. Students need to understand and be able to utilize modern
techniques for making measurements and using associated data acquisition
systems.

3. Process control. Water resources engineers seldom have any background in
control theory. This topic is taught in virtually all other areas of engineering.
The material is a companion with items one and two listed above.

The introduction of the above technical subjects should be relatively easy since
they have a strong academic content and the faculty would consider them to be
rigorous topics.

Of equal, if not greater importance, is for the students to learn the TQM-
related philosophy early in their education so that they can use it as part of their
educational experience.  Unfortunately, the faculty must first accept this
philosophy and use it in their courses in order for the students to appreciate it.
For example, professors need to provide constant feedback to the students;
encourage, if not require the students to work in teams; and perhaps even team
teach the course with a colleague. This represents a major change in philosophy
for our faculties.

On the productivity side of the problem, we may see a significant
contraction in graduate-level education in water resources with a strong shift in
emphasis to undergraduate education. Associated with this shift may be a
stronger desire to enhance the laboratory and design experience of
undergraduates. This will pose a significant challenge for contemporary faculty
who tend to specialize in developing computer models and who have little or no
laboratory or professional design experience.
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CONCLUSIONS

Educational changes in water resources will continue to occur in response
to emerging problems as it has during recent memory. We are accustomed to
adapting to such changes. However, universities can expect to encounter more
substantive challenges in the 1990’s due to shrinking budgets and changing
attitudes regarding their proper role as providers of educational services. We
need to be able to react to both of these internal and external stimuli.
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ISSUES IN WATER RESOURCES AND ENVIRONMENTAL OUTREACH
W. Dennis Lamm, Ph.D.!

Cooperative Extension in the state of Colorado was established in 1915 as a
result of the federal Smith-Lever Act. After more than 75 years of existence,
Cooperative Extension at Colorado State University currently has a presence in 58
of the 63 counties. Twenty of the counties, however, have only a single Extension
faculty member living in the county. This presents some challenges as we attempt
to address the needs of local people in helping them to make informed decisions
about a variety of topics. As the third component of a land-grant university, along
with resident instruction and research, Cooperative Extension has become the eyes
and ears for the people’s university. In this role, we tend to have firsthand
knowledge and understanding many of the issues facing the people of Colorado.

Until recently, Cooperative Extension primarily focused on assisting
production agriculture, helping homemakers with their canning and textile problems,
and encouraging 4-Hers with their projects. In the past five years or so, however,
at the local, state, and national levels, we have discovered that simply increasing
yields or weights in production agriculture, for instance, is not meeting the needs of
people. We are being asked to organize our efforts in a more interdisciplinary,
holistic approach to problem solving. A rancher, for instance, might be achieving
outstanding reproductive performance in his/her cow herd and might be topping the
sales with their weanling calves, but still be undergoing foreclosure of his/her
operation. We are being asked to take a look at inventorying all the resources
available to the operation and then to assemble them in a package that will optimize
production and maximize profit. Issues-based programming within the Cooperative
Extension System has subsequently emerged to address clientele problems.

Unfortunately for Cooperative Extension nationwide, the identification of
issues and the demand by clientele to assist in addressing these issues has arrived
simultaneously with the downturn in the national economy. Consequently, there have
been considerable cuts in personnel and financial resources that have presented
challenges, but also opportunities to Extension. Particularly in the area of water
quality, some areas of the country have undergone severe crises in view of
contamination of water supplies from various non-point and point sources.
Fortunately, here in Colorado we are not in a crisis mode, in my opinion, and we
have enacted numerous programs that encourage the voluntary adoption of best
management practices by all concerned.

Assistant Director, Agriculture and Natural Resources, Colorado State University Cooperative Extension
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We have a Pesticide Applicator Training Program that trains chemical
applicators in the safe and proper use of pesticides. In performing this task, we have
established close working relationships with the Colorado Department of Agriculture
and the Environmental Protection Agency.

As water quality issues have unfolded, agriculture is taking the brunt of the
criticism for many of the water quality problems that have been identified to date.
Therefore, Extension’s role in the educational process has changed. Instead of
enhancing production, addressing this issue has forced us to consider optimum
production that incorporates best management practices to reduce the possibility of
groundwater contamination. Another issue incorporated into the water quality issue
is naturally-occurring contaminants, such as the salinity problem that occurs in many
areas of the state. There is a major investment by the USDA and Department of
Interior agencies to address the salt loading of the Colorado River. Due to the multi-
state and multi-national nature of this problem, considerable effort has occurred to
date and will most likely continue into the future. Unfortunately, northeastern and
southeastern Colorado river systems both have high levels of salinity, yet money to
address these sites has not been forthcoming to date.

Hence, one of the challenges for Cooperative Extension is to identify and
address the needs of people, although politics sometimes interferes with
accomplishing the task at hand. Our role with production agriculture has changed
somewhat since we do work closely with some of our sister agencies who are in a
more regulatory role. We have attempted to maintain our delivery of unbiased,
research-based information and have strongly avoided the role of regulator. We do
not have a product to sell, nor do we have dollars available for implementing
practices on a cost-share basis.

The other major effort in the water arena with which Cooperative Extension
is confronted is the issue of water quantity. Cooperative Extension was instrumental
in implementing the evapotransporation system for lawn watering in the Denver
metro area and has continued efforts toward achieving efficient water management.
We currently support most of the modern irrigation technologies to utilize more
efficiently this precious natural resource. As a side benefit to improving irrigation
practices, we often have a significant positive impact on water quality. There is
apprehension, however, that Cooperative Extension, by saving water from
agriculture, is simply freeing up this water for use by urban dwellers. Consequently,
there is some reluctance on the part of production agriculture to implement best water
management practices.

As we have embarked on playing a more meaningful role in environmental
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outreach and environmental education, we have provided instruction for school
children and teachers with summer camps and workshops. We have had to network
and connect with many other agencies that are involved in similar types of endeavors.
We simply do not have the resources to fully conduct these programs independent of
others. In the agricultural sector, however, there is resistance and possibly
resentment to the use of "environment" in the conduct of our programs. The
agricultural community is feeling regulated beyond reason and resents agencies telling
them what they can and cannot do. Consequently, Extension has the responsibility
to inform this constituency without necessarily being perceived as being
"environmentalists." We in Cooperative Extension, however, feel an obligation to
inform all of our publics about the issues and to also listen to their viewpoints.

It appears agriculture, in particular, is being scrutinized and there are certain
elements of our society who would certainly wish to set the agenda for how we
produce food and fiber in this country. Our approach and our challenge is for all of
us to be good stewards of our natural resources, while at the same time to produce
these basic necessities with a vision for the future. Unfortunately, some of the
groups that are based on single issues often do not have a vision for the future. This
puts many of our constituencies in a defensive mode and makes education in a
rational setting somewhat idealisticc. Many of the emotional issues that we are
attempting to address cannot be solved solely by science.

In the past six to eight years, many organizations, commodity groups, and
even regulatory agencies have identified an educational role as part of their mission.
This presents a challenge for Cooperative Extension in performing our mission as a
part of the land-grant university. Fortunately, we have good rapport with most of
these groups and attempt to avoid duplication of efforts. As mentioned previously,
Cooperative Extension simply cannot be the sole supplier of information for every
issue that arises. However, due to our linkage throughout the state and nation in
more than 3,500 Extension offices, we are able to network and connect with other
groups who collectively can provide the answers people need.

In summary, my perception is that Cooperative Extension is most likely aware
of and probably involved in some capacity with most all issues that will be identified
at this conference. Our role has changed over the years from being the sole supplier
of unbiased, research-based information to now becoming a broker, networker,
facilitator, coordinator of this information data base to solve people’s problems. At
times Cooperative Extension is criticized for simply being the messenger or perhaps
the bearer of unwelcome information. However, it is our role to remain objective,
credible and to assist in establishing a vision for good stewardship of our natural
resource base.
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EDUCATION FOR SOLUTION OF FORTHCOMING
WATER RESOURCES PROBLEMS

by
Vujica Yevjevich

ABSTRACT. Continual change and advancement in science,
technology, human needs, society's attitudes, demands and
information require adjustment in education of water
resources professionals. Selected nine topics of likely future
water resources problems and solutions demonstrate the need
for improved education. Pollution and protection of water
environment have created controversies of significant
influence on development. Demands for decrease and control of
pollution has transformed planning and operation of water
resources systems. River runoff is attractive for monitoring
the potential climatic change. Water resources development
partially counteracts the negative aspects of climatic change.
Aging of water structures and systems poses new technologic
and economic challenge. Pressures to extract the maximum
benefit from existing water resources systems require well
educated and experienced specialists. Modern societies do not
tolerate high risks, so the risk assessment, optimization and
abating have been put on social and economic agenda in many
countries.  With time, increased clashes develop between
proponents and opponents of water resources projects.
Reallocation of water rights needs efficient solutions.
Because of versatile and increased trends in pollution
worldwide, strategies for procurement of drinking water
should adjust to new conditions. Resulting diversities and
complexities in solution of future water resources problems,
issues and needs should lead to substantial modification in
educational programs for water resources professionals.

Professor Emeritus of Civil Engineering, Colorado State
University, Fort Collins, Colorado 80523, USA
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CLASSICAL EDUCATION AND SELECTION OF
- PROFESSIONALS

Education of professionals for water resources is based on a
fundamental principle, namely to oriente the involved
professionals to become either specialists or generalists.
Because of the ever-increasing diversity and complexity of
water resources systems, issues and controversies, problems
and solutions, this principle will likely be applied in a much
more pronounced manner in the future than. Specialists will
come from a variety of scientific and technologic disciplines,
with hydraulic and environmental engineering continuing to
stay in the center of needed specialization. Generalists will
come from any discipline which is related to planning and
operation of water resources projects.

Leaders in water resources planning and operation are most
often the self-educated generalists. In industrial countries,
they usually evolved from any specialization related to water
resources, if an individual had leadership qualities. Help may
be an additional degree in management, economics, business or
administration..  Versatile experience in a variety of water
resources systems and problem solutions usually helped.

SOCIETY'S ATTITUDES AND DEMANDS

Societies change in their attitudes and demands. Education of
water resources professionals should be adjusted to this
change. Adjustment in educational curricula to needed profiles
of professionals by development of new programs and courses
should always precede the projected need for new types of
specialists and generalists. Because education for solution of
forthcoming water resources problems must precede the time
solutions have to be implemented, projecting future problems
for a couple of decades in advance represents a high
responsibility of decision makers in water resources.
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Because of population growth and the general pressure for
increase of standard of living, at least for the lowest social
strata, development of natural resources and the land is an
unavoidable requirement. Similarly, it is imperative for
asociety to protect its environment. These two concepts,
development and protection of, when implemented in full
inevitably lead to controversial issues and problems which
require the most enlightened solutions. Society now demands
more a more a cooperative relationship between development
and protection, rather then confrontations which result in
costly delays and losses. '

TRENDS IN WATER RESOURCES PROBLEMS AND
EDUCATION

nfli R lutions in Water R r

Water resources development implies change in nature.
Problems solution require structures for water transfer in
space, its transfer in time, change in water energy potential
and modification of water quality. A developmental change in
nature is also an environmental change. Most changes may be
conceived as undesirable impacts on nature, to be eventually
opposed. Opposition has progressed to the point that many
water resources projects of sound economic and environmental
solution are routinely opposed. As a consequence, projects are
delayed or abandoned. To resolve these controversies, which
occur now all around the world, the well educated
professionals, both as specialists and as generalists, are
needed. To accomplish this task, education must be tailored to
solution of new water resources problems.

To resolve controversial issues in water resources
development most economically and efficiently, The future
education of professionals should include two special
programs (either as the formal course work or as the
continuing education): 1. Identification and analysis of
contentious issues between water resources development and
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protection of environment; and 2. Scientifically based
resolution of conflicts in water resources.

Pollution and Environment

Consumer pays the cost of extraction of raw materials for
production of goods and delivery of services. Consumer is not
forced to also pay the cost of harmful disposal into the
environment of remnants of manufactured goods and their use,
or of services rendered. They are simply dumped into the air,
water, soil, rock, land, biomass. With time, controversies
arose between development of natural resources, especially
water resources, and the movement to protect environment.
Ever since 1950's, protagonists of development had to cope
with resistance of opponents to many consequences of
development, specifically as pollution in the environment.

Many rivers and estuaries have become large sewers. Aquifers
and lakes are polluted. Groundwater adjacent to river is
affected by regular exchange of water with the polluted river.
Karstic limestone systems are often significantly polluted.
All these low quality waters and water environments require
cleaning. It is more difficult to clean polluted grains of silt,
sand and gravel, or rock fissures, bottom and sides of
underground channels and caves, and bottom sediments of
rivers, lakes and reservoirs than to remove poliuted water.
Pollution of water environments by agricultural chemicals and
industrial untreated waste water and gas are the major threat
to health and quality of aquatic and general life. The emerging
"water quality hydrology”, as new hydrologic discipline which
investigates water quality processes in nature, including
influence by humans, should become a compulsory course in
education of almost any water resources professional.

Environmental water quality problems and solutions have now
outpaced in breath and depth of their significance the classical
sanitary engineering activities of treating water. Good water
quality in nature has become a symbol of healthy environment
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and a measure of state of the civilization. Education on all the
aspects of water quality in nature and their role within the
society's infrastructures seems to have become a must for the
future water resources professionals. The solution of water
quality problems has become one of the most complex multi-
disciplinary aspects of comprehensive water resources
planning and operation. It requires a highly integrated team
work, in which all team specialists should possess a very
advanced knowledge on water quality

Change of Climate, Water Resources Development and
Protection of Environment

Emissions of gases into atmosphere create problems due to
climatic changes (ozone layer distraction, acid rain, carbon
based greenhouse warming). According to model forecasters,
these changes will impact water resources systems in various
ways, mainly that dry regions in the world will become drier
and warmer, and that ocean level will be raised due to partial
melting of ice caps. While prediction of ozone layer threat and
acid rain occurrence seem well documented, prediction of
carbon dioxide greenhouse effect is not yet accepted as
definitive as forecasted. Water resources planners and
operators consider these impacts seriously.

There is no better geophysical variable for controlling the
overall climatic change in water than river runoff. It
integrates precipitation and evaporation. Therefore, future
professionals must be well educated in statistical and
mathematical techniques which help accurate discriminations
of the change in all geophysical variables which affect water
resources and environment in one way or another.

The threat to fertile semiarid regions of the world is via a
decrease of agricultural productivity due to less precipitation
and more evaporation. This threat may be alleviated in two
ways: control of warming up through stabilizing the content of
carbon in the air, and massive irrigation in these areas, even
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by long water diversions. Threat from the rise of ocean level
may be fought against by controlling carbon in the air, but
partially also by transferring water from oceans to continents
through reservoirs, water supply and irrigation. Special
reservoirs (in depressions, cold regions, estuaries, tidal power
plants), with complex purposes may decrease ocean level.
Presently, ocean level is 2-3 centimeters lower due to such
activities of the past. In future, that effect may reach 10-15
centimeters. All this potential activity may require additional
education and specialization of water resources professionals.

Aging of Water Resources Structures and Systems

These aged structures and systems pose problems for which
classical education of specialists and generalists does not
provide sufficient knowledge for the most efficient solutions.
It seems that a new speciality in water resources engineering
is on the making, namely the specialist for renovation of water
resources structures and systems. At present, expertize for
this renovation is acquired either on site by working or
through self-education rather than through special programs,
courses or books. '

Extraction of Maximal Benefit from Existing Water
R r em

Trends to "squeeze out" as much benefit from existing water
resources structures and systems are unavoidable. They may
require advanced knowledge and accuracy in solution which the
ongoing education does not provide. Expectation is that modern
information theory, system analysis, operational research,
computer technology, forecast technology, expert systems and
other innovations may be able to do what classical
technologies of planning, design and operation of water
resources systems have not be able to do. For this purpose, it
is relatively easy to locate the well specialized people.
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However, more than anything else, an experienced and
knowledgeable generalist may be the most important
individual in this task. He can assemble the team of best
specialists and guide it to good solutions. With a limited
investment, he may lead to the most economical returns,
especially in obtaining the much higher returns than with the
new systems and structures. A lot of efforts could be
justified to educate and produce such generalists.

imation imization Abatem f Risk

The more advanced an economy, the less ready a society is to
accept high risk. As water resources projects involve various
types of events which carry with them unavoidable risks,
pressures continually build up to decrease these risks at the
least expense to society. Here, it is impossible to fulfil this
request, namely to arrive at a risk-free society. Risk
assessment, optimization and abating have become a new
speciality which deserves a better position in education of
specialists than the case is now. Complexities in assessing
risks and diversity in approaches to finding the optimal risk,
with its abatement at any stage of economic development,
require well educated water resources professionals.

Data and other information, requirements and assumptions
change with time. Growth of wealth in risk prone areas
affects the risk/cost optimization relation. Risk level should
be periodically reassessed and where technically and
economically feasible also reduced to a new economically
acceptable optimal risk level. The main problem may consist
of difficulties to assess, optimize and implement the new risk
level. Example is the decrease of flood risks at about 5000
large dams in USA, which likely will demand about 20 billion
dollars of new investment. Education in this area of water
resources planning, design and operation requires new
approach and adjustment of well known risk abatement
technology to the specific aspects in water resources,
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especially how one could best combine various interdependent
risks into an overall plant, structure or system risk. -

nflic f _Inter in_Water Resour Proj

Most water resources projects in the world are in public
domain. They are conceived as largeness of the government to
be tapped by individuals or groups. Many parties to the
conflict of interests are tempted to maximally benefit either
from future products of these projects or from maximal
possible compensation for damage, property expropriation or
inconvenience. Litigation leads to both, delays and social cost
of the project. Both lead to a decrease of the benefit-cost
ratio. Interested parties may be divided in three groups, those
benefiting and willing to pay their share of the cost, those
which may suffer from the project and are entitled to a fair
compensation, and those wanting to benefit from the project
without any contribution. The important step in solution of
conflict of interests is to identify clearly these three groups.

Conflict resolution has become a scientific discipline. It can
be taught either as a general discipline to be applied anywhere
when conflicts arise, or as a discipline applied to particular
area of technical and economic specialty. Generalists in water
resources, especially the top planners and decision makers,
should be well exposed to major principles, procedures and
intricacies of conflict resolution.

Reallocation of Water Rights

Water in nature is limited in its availability. In some areas all
feasible water for allocation has been already allocated. With
time water becomes more valuable to other purposes.
Therefore, the concept of reallocation of water rights is borne.
Furthermore, the concept of water and water rights becoming
the market commodity is also introduced by necessity, instead
of all matters of reallocation treated only administratively.
These transfers of water rights require the most advanced
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knowledge of the way how to resolve a variety of related
political, economic, technical and legal issues.

In this domain of water resources activities, professionals
have yet to develop the standardized complex approaches and
methods for an efficient transfer of water rights. The
education of professionals, especially of generalists, for the
solution of such problems will likely be most attractive either
by publishing books on systematic ways of solutions, or by
offering the special courses in continuing education.

Evolutionary Change in_Water Supply §trategy.

Springs and aquifers represented the best water for drinking
purposes in the past. This assumption is no more valid in many
industrial societies. Some of these springs and groundwaters
already belong to the most polluted sources of water. This
fact should change attitude and concepts, as well as education
of specialists in water resources and sanitary engineering.

Education of specialists in water supply technology, especially
of the best drinking water, must stress not only where water
is available as well as in what quality state at present but
also what quality they are most likely to be at in the future.
Technologies of assessment of present and future interactions
between water environments and the general environment , as
they slowly evolve, should be the base for this future
education. Even the idea of industrially producing different
types of excellent drinking waters should be included under the
special continuing education via water supply courses.

EDUCATIONAL DILEMMAS IN WATER RESOURCES

The classical education in water resources seems to have left
the above nine areas of needed education for the now ongoing
and the expected future water resources problems to be
mastered by professionals by a trial-and-error method in
practice. The work experience, special courses within water
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resources institutions or consulting firms, the continuing
education by special programs or courses at the learning
institutions and the self-education, seems to have been used
as the ways to solve the above educational problems. The
continuing upgrading of the post-graduate courses, however by
also eliminating the obsolete technologies from them in turn,
may add to solution of educational problems.

CONCLUSIONS

1. Water resources problems change with time because of new
information, new concepts and technologies, new needs, which
all may require new solutions.

2. Attitudes and demands by society also evolve with time,
thus imposing new approaches and solutions to the old and new
water resources problems.

3. Professionals in water resources disciplines have become
divided by necessity into two major groups, specialists and
generalists, with each group needing change in education
occasionally, because of evolution in problems, attitudes,
demands and technologies. -

4. The advent of new complex water resources problems, as
the nine selected cases above demonstrated, requires many
future changes either in formal or in informal institutional or
on-the-spot continuing education of water resources
professionals.
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THE ROLE OF TRAINING IN INSTITUTIONAL DEVELOPMENT
EGYPT WATER RESEARCH CENTER

M. Abu-Zeid and D~ K. Sunada!

INTRODUCTION

The United States government is engaged in several
large cooperative developmental programs with Egypt. One
series of programs is with the Egypt Ministry of Public
Works and Water Resources (MPWWR) and these programs are
designed to increase the nation's capability to manage
its water resources and to increase agricultural
production. The U.S. Agency for International
Development (USAID) initiated this series of programs in
1976 with the Egypt Water Use and Management Project
(EWUP). Based upon the results of EWUP, USAID in 1981,
initiated a multi-component project named the Irrigation
Management Systems Project (IMS). The purpose of IMS is
to strengthen the MPWWR's capability and capacity to
plan, design, operate, and maintain the irrigation
distribution system. The IMS Project is scheduled to end
in September, 1995.

The Consortium for International Development (CID),
with Colorado State University (CSU) as the lead managing
university, has been the contractor for three USAID
projects; Egypt Water Use and Management Project (1976-
1984), and two of the components of the IMS, the
Irrigation Improvement Project (EIIP 1985-1991) and the
Water Research Center Project (WRCP 1988-1994). All
three of CID/CSU's projects addressed the need to provide
improvements to Egypt's water resource management
capabilities and the institutional capabilities to
sustain the irrigation and water systems. Thus, in
addition to developing new irrigation practices and
building new irrigation structures, the projects also
enhanced the professional staff's capability to manage
the organization that evolved with the incorporation of
technical innovations. One critical component to an
improved institutional environment is having a well-
trained staff.

lIchairman of the Water Research Center, Cairo, Egypt and
Professor of Civil Engineering, Colorado State University,
respectively.
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EWUP's purpose was to improve the social and
economic well-being of farmers of small farms. This was
accomplished by development and implementation of
irrigation water management in conjunction with agronomic
practices to increase agricultural production, to develop
efficient water use practices and to reduce drainage
problems. An additional objective was to strengthen the
institutional capacities of the MPWWR and the Ministry of
Agriculture to develop and implement improved on-farm
water management programs.

EIIP evolved from the findings of EWUP and had two
major objectives. The first was to demonstrate practical
procedures to remodel irrigation systems so that the
methodologies could be applied to improve irrigation
systems throughout Egypt. The second was the development
of the Water Research Center by improving the research
capacity of the Research Institutes and by developing a
centralized information data center. The Water Research
Center began in 1975 when the MPWWR consolidated its
water management research efforts. The Water Research
Center is made up of the following eleven research
institutes: Coastal Protection, Drainage, Groundwater,
Nile, Hydraulics and Sediment, Mechanical and
Electrical, Weed Control and Channel Maintenance,
Construction, Water Distribution and Irrigation Systems,
Water Resources, and Survey. Based upon the findings of
the EIIP, the Water Research Center Project (WRCP) was
designed to increase the institutional capacity of the
Water Research Center and its eleven research institutes
to conduct research, to solve Egypt's water resources
problems and to provide the basis for establishing water
policy in Egypt.

One goal, common to all three projects, was to
develop the long term capabilities of the Water Research
Center to provide the MPWWR and Egypt with solutions to
their irrigation and water resource problems. The
training strategies that evolved from these three
projects were designed to upgrade the Ministry's
capability to solve water resources problems.

TRAINING INPUTS TO INSTITUTIONAL BUILDING
The training programs consisted of 1long term

academic degree programs, short term technical programs,
and on-the-job skill development progranms. The
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objectives for the training phase for all of the projects
are as follows:

1. Develop technical skills in key staff members
through long-term academic, degree oriented
training.

2. Update technical and management skills of
senior staff members and directors of institutes
through non-degree academic training.

3. Develop capabilities of personnel through
subject-specific short courses in technical,
management and administrative areas.

4. Provide on-the-job training by assisting
institute personnel to complete specific tasks and
sub-tasks related to on-going research.

Training needs were identified to complete
essential activities to achieve various MPWWR goals and
objectives and training programs were developed for
suitable personnel to attend. The criteria for selection
of personnel for various training opportunities included
present and future job responsibilities, academic
qualifications for academic degree programs, English
competency for participants travelling to the U.S., and
personal circumstances allowing them to attend a
particular program.

The implementation of training consisted of either
academic training, short-term technical programs,
attendance at conferences, or on-the-job training.
Academic degree programs were provided by the three
projects. Students and their supervisors in Egypt
selected universities and departments based upon their
needs and goals. The students from the WRCP were in many
areas and were encouraged to attend universities
throughout the US.

Tours, field trips, and conferences were part of the
training programs to provide opportunities for Ministry
personnel to see related projects, and visit laboratories
and field research sites in the US. Conferences provided
Ministry personnel the chance to obtain state-of-the-art
information on critical research and water management
issues.
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On-the-job training was provided by more than 50
professionals on several temporary duty (TDY)
assignments, as well as the long term resident American
staff members. By working with specialists on specific
activities, the institute personnel were better able to
address water resources issues in Egypt.

IMPLEMENTATION OF TRAINING PROGRAMS

Egypt Water Use and Management Project

Twenty-one staff members were provided up to two
academic semesters of non-degree academic training at
Colorado State University. Because EWUP emphasized the
need for interdisciplinary research to solve Egypt's
irrigation problems, the academic training was designed
to upgrade the professional knowledge of engineers,
agronomists, economists, rural sociologists and computer
science. Four of these Egyptians continued on to earn
their M.Sc. degrees in the United States and two others
received their Ph.D. degree in Egypt under other
sponsorships.

Short term technical training was provided for 40
Egyptian staff. The training courses were from one to
four months in duration and were related to the on-farm
water management focus of the project. The programs
included water management, soil-water-plant
relationships, water control, water measurement, on-farm
irrigation techniques, interpersonal relations and
communication (for working with farmers), precision land
leveling, water scheduling, crop management practices,
construction management, and computer-assisted design and
record keeping.

A training program was developed with the Salt River
Project in Arizona for 46 participants. This program
provided hands-on experience for MPWWR professionals in
the operation, maintenance, and management of irrigation
systems. The Salt River Project also provided
professionals who went to Egypt and provided technical
guidance in the operation, maintenance, management, and
modernization of Egypt's irrigation system. Topics
included in this training program are data communication,
water measurement and record keeping, water scheduling,
water conveyance construction and maintenance, design of
irrigation structures, conjunctive use of surface and
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groundwater, project management, management reporting,
and management decision making processes.

An on-the-job training program to introduce Ministry
professionals to interdisciplinary on-farm water
management research was a field-oriented training program
developed by Drs. Clyma and Sunada. This program
emphasized improving agricultural production through the
diagnostic analysis process with an interdisciplinary
team of agronomists, economists, engineers and
sociologists. The Ministry of Public Works and Water
Resources assumed complete administration of the course
within two years of its development and it is now
institutionalized in the Ministry and is being conducted
on a regular basis. Part of this course was the training
tour of irrigated agriculture in the southwestern U.S.
The objective of the training tour was to present: (1)
state of the art technology, (2) alternative water
delivery management systems, (3) on-farm water management
advisory service, (4) salinity control and salt tolerant
crops, and (5) alternative application systems. To date,
a total of 189 Egyptians have taken this training course.
This course formed the basis of the two large Water
Management Synthesis Projects which presented this course
in Sri Lanka, India, Pakistan and other countries.

Egypt Irrigation Improvement Project

Two Egyptian organizations, the Water Research
Center and the Regional Irrigation Improvement Project
(RIIP) were included in the EIIP. Along with the
expansion of the participating institutes came a
corresponding expansion of training responsibilities.
Training for the RIIP office staff consisted of short
term technical programs and on-the-job training. The
short term training objective for the RIIP component was
to develop the technical capabilities of the RIIP staff
to undertake all phases of the work necessary to
successfully rehabilitate and improve Egypt's irrigation
system. That process includes identifying problems in
the system from an interdisciplinary point of view,
preparing technical plans and economic assessments for
solving the identified problems, selecting the most
appropriate alternative, preparing detailed construction
plans for improvement work, implementing plans  in
cooperation with farmer water users associations and the
Irrigation Advisory Service, and monitoring and
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evaluating the performance of the rehabilitation work.

EIIP provided academic training for 32 Water
Research Center staff members. The students studied in
four disciplines: engineering, fisheries, sociology, and
economics and at seven universities. The academnic
programs included water resource management and
development, soil mechanics, hydraulics, consumptive use,
soil-water relationships, structure and construction, on-

farm water management, drainage, soil physics,
aquaculture and fisheries biology, surveying,
agricultural economics, and rural sociology. In

addition, three individuals worked on post-doctorate
studies and three individuals worked on dissertation
research topics and obtained their Ph.D. degree from
Egyptian universities.

The short term training program for the Water
Research Center component of EIIP was designed to
increase capabilities in the Water Research Center so
that research, research support, administration, and
administrative support can be sustained. The subjects
covered by the training programs included computer
operation, general management techniques, hydraulics,
hydrology, structures, irrigation, on-farm water
management, soil-water conservation, salinity,
groundwater, drainage, agriculture, surveying, fisheries,
coastal protection, navigation, and extension sociology.

Water Research Center Project

The WRCP's training is a large investment in the
future of Egypt's water resources planning and
management. One major objective of this project is to
provide a trained cadre of M.Sc. and Ph.D. degree
personnel to increase the research capabilities of the
Water Research Center. Another objective is to improve
the research and management skills of the current staff
of the Water Research Center and to disseminate research
results that can be readily used by the MPWWR, the nation
as a whole and the international community.

The WRCP is scheduled to have 44 participants obtain
a M.Sc. degree and 31 participants obtain a Ph.D. degree
by the end of 1994. The degree programs are designed to
meet specific needs of the Water Research Center in areas
such as irrigation, water resources planning, computer
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science, coastal protection, oceanography, drainage,
groundwater, hydraulics, sedimentation, fisheries,
construction, soil mechanics, management of large
projects, surveying, earth sciences and water quality.
The leadership of the WRCP (both in Egypt and at CSU)
emphasized diversity in academic training. As a result,
a total of 17 universities have been involved in long
term training and 10 additional universities and U.S.
government organizations have been involved in short term
training. One historically black university, Central
State University, has provided short term training to
students from Egypt.

To ensure that the students' programs met the needs
of their respective research institutes, the students
maintained contact with their Research Institute Director
and in some cases, the Director became a member of the
student's academic committee. Where possible, the
student's research topic was selected by the student and
his academic advisor to be consistent with the goals of
the research institute. This coordination ensured that
the activities of the students in the U.S. contributed to
the output of the research institute in Egypt.

Colorado State University has established a campus
in Egypt to provide any regular CSU academic courses
taught by CSU faculty. Anyone who is admitted to the
Graduate School at CSU and who successfully completes
these courses in Egypt is granted formal CSU credit as
if they were attending class at CSU. The credits are
counted in a normal manner towards an advanced degree.
It is possible for a student to take all the course
requirements in Egypt and complete much of the research
before going to CSU to complete thesis and/or
dissertation requirements. The student need only be in
residence at CSU for one semester for the M.Sc. and two
semesters for the Ph.D. This program reduces the cost of
the student's academic program and provides much
flexibility in designing the student's program for a
degree.

One additional training opportunity offered to Water
Research Center participants is attendance at
professional conferences. Such conferences provide the
means by which state-of-the-art knowledge can be
transferred. Since the Water Research Center is a
research organization, the staff themselves have
presented many technical papers at such conferences. 1In
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the last three years, more than 83 papers have been
presented at various conferences through out the world by
Egyptian researchers and students on the WRCP. These
contributions add to the prestige of the Water Research
Center and contribute to the institutional capacity for
obtaining future projects.

Numerous in-country training programs have been
conducted by technical assistance professionals from more
than 25 organizations. Training was conducted on various
topics such as the use lysimeters, sediment samplers,
survey equipment, computer systems, and writing technical
papers. These hands-on training programs increase the
technical skills of the Egyptian staff and increase the
quality of research being conducted by the Water Research
Center.

Accomplishments of Trainees

Several of the staff who have participated in the
training programs have been successfully integrated into
the Water Research Center Research Institutes. They have
become project leaders, assumed positions of director and
deputy director of research institutes within the MPWWR,
and Under Secretaries of State. Several of the trainees
have received scholarships and assistantships to pursue
additional academic training in the U.S. and several
recent graduates have been offered employment in other
countries. The knowledge and skills of the trained staff
are being shared not only in Egypt but through out the
world.

Summary

To summarize, the implementation of the training
component of the three projects has provided 363 short
term training activities in the U.S. An additional 189
individuals participated in the EWUP on-farm water
management training course. Thus far 52 individuals have
obtained a M.Sc. degrees and 10 have received their Ph.D.
degree in the United States through the three projects.
An additional four Egyptians have earned their Ph.D.
degree in Egypt. It is anticipated that 31 students will
complete their Ph.D. and 19 will complete their M.Sc.
degree by 1994.
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Conclusions

The technical and management expertise of the staff
of the Water Research Center has been significantly
strengthened by the training programs provided by the
three projects. The objective of the three projects to
provide numerous individuals with relevant and necessary
training experiences and programs has been accomplished.
The human resource base for the Water Research Center has
been significantly increased and the staff of the eleven
research institutes are now able to better fulfill the
research needs of the future.

The MPWWR staff were provided with modern technology
and innovative ideas and techniques to help improve the
welfare of the people of Egypt. Additionally, the staff
in the Water Research Center are sharing their expertise
by presenting papers at various conferences and journals
throughout the world. The training provided by the three
projects will be effective for several generations of
water resources experts in Egypt and other countries
where they might work.
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SESSION V-A
EDUCATION IN WATER RESOURCES AND ENVIRONMENT



WATER AND ENVIRONMENTAL ENGINEERING
EDUCATION, TRAINING AND RESEARCH AT TAMPERE
UNIVERSITY OF TECHNOLOGY, FINLAND

Jaakko Puhakka, Pdivi Mdkinen, Sirpa Sandelin and Matti Viitasaari

Institute of Water and Environmental Engineering (IWEE),
Tampere University of Technology, Korkeakoulunkatu 3, SF-
33101 Tampere, Finland

ABSTRACT

This paper describes a Finnish approach to develope water
and environmental engineering programs based on observed
needs in the field. The Institute of Water and
Environmental Engineering of the Tampere University of
Technology, Finland has rapidly expanded its activities
since the establishment of the Chair in 1975. Current
educational, training and research activities cover a
wide range in the field of municipal and industrial water
and environmental engineering. Other interests include
water pollution control, multipurpose use of water
resources and solid waste engineering. In addition,
specific programs on water and sanitation engineering
education are arranged for students from developing
countries. Environmental engineering education program
for students from East European countries with special
reference to local environmental problems will begin in
1992. Research at the Institute has a strong emphasis
towards developing new biotechnologies for pollution
control and Dbioremediation. A new Environmental
Biotechnology curriculum will be started in 1993.

JP, Visiting Assistant Professor at the University of
Washington; PM, Graduate Student at the UW; SS, Senior
Lecturer; MV, Professor, Head of the Institute of Water
and Environmental Engineering
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STAFF AND FACILITIES

The Institute has close to 40 staff members (5 permanent
ones) and is directed by the professor. The majority of
employees are financed by external funding. They comprlse

a multidisciplinary team representing various
profe551ona1 backgrounds such as water and sanitary
englneerlng, environmental sciences, chemical

engineering, microbiology and control engineering.

The IWEE laboratory is capable of conducting physical,
chemical and microbiological water and wastewater
analyses. Pilot and semi-industrial scale systems has
been constructed for research on aerobic and anaerobic
biological treatment. Research at the institutes field
research station focuses on drinking water treatment.

EDUCATION AND TRAINING

Master of Science Programs

The Institute Offers two optlonal M.Sc. programs, one in
Civil Engineering and one in Environmental Engineering.
Both programs offer specialized studies in water and
sanitary engineering. The new curriculum in Environmental
Engineering was started in 1991 together with a number of
other institutes at the university. Among others, it
involves Environmental Blotechnology as a new
specialization area. M.Sc. is the basic degree conferred
by Finnish universities of technology requiring about 5
years of studies including a Master's thesis. By 1992,
more than 100 students have specialized in water and
sanitary engineering.

Licentiate and Doctoral Programs

The licentiate and doctoral degrees require the same
theoretical studies, but the 1licentiate involves less
scientific research. By 1992, over 20 licentiate theses
and 8 doctoral dissertations have been presented and
accepted at the Institute.
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International Programs

IWEE has organized international training programs as
follows:

Postgraduate Course in Water Supply and Sanitation, an
18-month M.Sc. course designed for the needs of

developing countries. The first 12 months consist of
studies in Tampere followed by a thesis period in the
students home country. Since 1979, IWEE has organized six
such courses for East African countries. These were
financed by the Finnish International Development Agency
(FINNIDA). By 1992, about 100 East African engineers have
obtained their M.Sc. degrees.

B.Sc. Program in Civil Engineering for Namibian Students
1989-1992. This four year program is tailor-made

providing specialized knowledge in water and
environmental engineering. This course, also financed by
FINNIDA has currently 15 students.

Doctoral Program. Four East African water engineers have
obtained their doctoral degrees.

International Trainee program. During the period of 1978-
1986 16 M.Sc. students had their one-year field training
in Tanzania. In addition, several foreign IAESTE-trainees
have received their practical training at the IWEE.

Environmental Management Program for East European
engineers. Huge environmental problems and new

possibilities for eastern-western cooperation stimulated
this new educational effort. This program starts in
September 1992. The course has a strong emphasis on waste
treatment technologies and remediation of contaminated
environment.

Continuing Education

* The Institute has arranged several international and
national conferences, short courses and seminars
including:

* TAWPRC Symposia on Forest Industry Wastewaters in 1984,
1987 and 1990. The next symposium will be held in 1993.
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* 1st IAWPRC Eastern Africa Regional Conference on
Industrial Wastewaters in Nairobi 1989, in cooperation
with Kenyan organizers.

* WHO Meeting on Intersectoral Collaboration in Europe
1989.

* Environmental Management in Industries, a three-week
course financed by UNEP and UNIDO in 1989 and 1991.

* Pulp an Paper Industry Wastewaters, a one-week course
under the UETP/EEE program of COMETT in 1992.

* Annual National Symposium on Solid Wastes in 1987-1992.

* Several seminars on current topics in water and
environmental engineering in Finland and developing
countries.

RESEARCH

Research is typically associated with theses and
dissertations but may also be based on the needs of
clients. Experimental research has been focusing on
water, wastewater and solid waste treatment process
fundamentals and applications including studies in
laboratory, pilot, and full scale. Theoretical research
on treatment process modelling and water and waste
management are also included. Current research covers
following areas:

* Biological treatment of industrial and municipal
effluents and wastes. During the 1last 10 years,
biological treatment of pulp and paper industry effluents
has been the major research area.

* Groundwater bioremediation

* Biological treatment of recalcitrant, toxic and
accumulative organics

* Phosphorus and nitrogen removal

* Mesophilic and thermophilic anaerobic treatment
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* Physical and chemical purification of water
* Mathematical modelling of treatment processes

* Institutional development of water and sanitation
services

* Water problems in developing countries

The research is primarily funded by the Academy of
Finland, the Ministry of Environment, the Ministry of
Trade and Industry, the National Board of Waters and
Environment, the Ministry of Foreign Affairs, various
foundations, municipalities, private enterprises and
international organizations.

IWEE has an active program for the exchange of
researchers and lecturers with universities in e.g.
Austria, Czech and Slovak Federal Republic, Denmark,
Estonia, France, Germany, India, the Netherlands, Norway,
Russia, Sweden, Tanzania, Unlted Kingdom and the United
States. IWEE participates in the TEMPUS program in
environmental management.
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CURRICULUM ISSUES IN APPLIED HYDROLOGY AND THE
ENVIRONMENT

Mary Jessica Mack®
INTRODUCTION

Curriculums in higher education must be responsive
to the requirements of the professions which the students
will Jjoin upon graduation. Students must 1learn the
methodologies and techniques necessary to address real
world problems and at the same time gain an understanding
of and an appreciation for the interdisciplinary aspects
of hydrologic studies of the environment.

Environmental and hydrologic curriculums can not
prepare a student for every concern, but curriculums can
equip students to approach any topic. To properly enable
students to be effective in their professions, the
curriculum must provide the following background to the
students: training in classical hydrology:; an
interdisciplinary background; exposure to real world
applications; training in skills and a technical
background; work experience and real world exposure.

An individual course can establish the students
interests, and spark the intellectual pursuit by touching
briefly in the areas identified above and by modeling the
format of the curriculum. However, one course can not
adequately provide the package the student will need to
compete and survive in the profession. The necessary
curriculum components are briefly reviewed below.

TRAINING IN CLASSICAL HYDROLOGY

Students need training in the classical hydrology
background, the basics. A sound foundation in the
elementary relationships and processes of water is the
starting point. Students need to understand what water
is, what forms it takes in the environment, and its
importance in the total functioning of the earth system.
They need an understanding of the hydrologic cycle and
its components, of the properties of water, and of the
states of water and its role in the transfer of energy.

*Assistant Professor, Department of Geography and
Environmental Studies, University of Colorado at Colorado Springs
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The meteorological and climatological aspects should be
discussed as well as water’s role in weather. The water
in the atmosphere should be provided, including a
background in evaporation, evapotranspiration and
precipitation, their measurement, estimation, processes,
interpretation and analysis. The water in the soil
should also be reviewed including rainfall-runoff
relationships; infiltration, percolation, stream flow;
soil moisture; subsurface water; floods; drought;
hydraulic routing, probability and stochastic hydrology
and hydrologic analysis.

The computation of water budgets can be useful for
helping students understand the relationships and
influences of theses different areas of water in the
environment. It will not take the student 1long to
realize the study of hydrology in the environment
requires a multidisciplinary knowledge base.

AN INTERDISCIPLINARY BACKGROUND

A responsible curriculum must therefore provide the
student with an interdisciplinary background for the
undertaking of hydrologic environmental studies. This
background should include additional meteorological and
climatological relationships including radiation and
large-scale general circulation =-- jet streams and
fronts, and concerns such as global climatic change and
the influences on local water resources. Students should
be aware of water supply issues such as water
modification, water supply manipulation, saline water
conversion, vegetation control, water harvesting, and
icebergs. Human issues should be addressed such as water
demand, human interaction with and influence upon water
resources and the 1legal, political, and economic
influences on water management.

Students need some background in geologic and
groundwater hydrology including the geology of aquifers,
confined and unconfined aquifers, their storage capacity
and mechanisms relating to their pollution and
destruction. They need a working knowledge of hydraulic
head and fluid potential, hydraulic conductivity,
unsaturated flow, compressibility and stress,
transmissivity and storativity. Groundwater movement
should be addressed including Darcy’s Law, equations of
groundwater flow, chemical properties, flow nets, well
dynamics and hydraulics, well development, levels, and
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protection. Other areas presented should include basin
yield and water quality.

In addition to the interdisciplinary background,
students must be able to make the step of taking the
theoretical background and applying it to problems.

EXPOSURE TO REAL WORLD APPLICATIONS

Students need exposure to real world applications.
Case study analysis can be used to illustrate a variety
of applications of hydrologic studies in the environment.
Also, simple problems can be provided for the students to
"solve" using the knowledge presented in the class. This
can give the student practice in the analysis of a
specific case or cases requiring the student to analyze
the situation and approach the problem.

This can provide the student with experience in data
preparation, record extension, water supply reservoirs
analysis, flood mitigation and routing, floodplain
mapping, urban storm drainage estimation, highway culvert
design, spillway design, cooling pond design, river
forecasting, water quality analysis, hydrometric network
design, water resources regional planning, river basin
management, ground water resources evaluation, drought
identification, solid and nuclear waste analysis, and
groundwater contamination determination. It can also
help the student understand the real world implications
of current legislation and policy (federal, regional, and
local).

The cases can be current issues that are in the
process of being analyzed or recently managed problems.
This can help keep the issues relevant and fresh while
demonstrating the importance of understanding the
material learned and the techniques of the application.
The important factor is not for the student to arrive at
the "correct" answer or the solution of the officials
dealing with the case. The purpose is for the student to
understand the factors involved, the methodologies which
could be used to approach the case, even the different
conclusions that could be drawn from the evidence based
on the methodology chosen, and the advantages/
disadvantages, of the conclusions. The goal is to teach
the students how to use their knowledge to approach the
various problems they might be required to consider in
the future.
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In order to prepare the student for their future
environmental analysis, the curriculum must also provide
the student with skills and a technical background.

TRAINING IN SKILLS AND A TECHNICAL BACKGROUND

Curriculums need to provide training in skills and
a technical background so that students are aware of the
tools available to them for data collection, problem
analysis and the presentation of results and solutions.
A methodology and field work class in ideal for exposing
the student to various methods and equipment for data
collection. It is important for the student to be aware
of the tools, their operational techniques, calibration
requirements, and automated record keeping procedures.
The applications, limitations, and idiosyncrasies of the
methods and of the equipment need to be understood.

Research methods need to be explored, statistical
analysis both 1long-hand and via computer programs,
problem analysis via long-hand and computer models.
Students should have the opportunity to understand how
current computer models operate even if hand-on
experience is not available. If a computer model is
available, it needs to be one which is current and in
use. Even so, special care should be taken to teach the
student how to investigate the model (capabilities,
limitations, default values, etc) and how to interpret
the results from models. It is imperative for a student
to understand that a "value"™ determined by a computer
model could be nonsense if the model is not understood.

The curriculum also needs to provide the student
with training and practice in presentation skills.
Written communication should be required, technical
writing courses are necessary so that the student learns
the components and styles of technical memos and reports.
Students should learn and be able to practice the
effective use of tables, graphs and figures in written
communication.

Oral communication, should also be stressed so that
a student can 1learn how to give <clear, concise
presentations of the data and how to address different
audiences. A student needs to know the difference
between presenting findings to a panel of experts/peers
as part of the problem-solving discussions, as opposed to
the presentation of data to the government officials,
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which is different still from the presentation of
information to a "town meeting" of concerned citizens.
Curriculums need to provide students with opportunities
to learn and practice the effective use of audio-visual
equipment in oral presentation.

Even these skills and technical experience needs to
related to the real world.

WORK EXPERIENCE AND REAL WORLD EXPOSURE
Work Experience

Departments need to provide opportunities for
students to gain work experience before graduation. This
is an area where the Department must work to establish
relationships with community and government organizations
willing to participate in the joint effort to educate our
future leaders. Internships, co-operative programs with
federal state and local government agencies as well as
with industry and consulting firms, and mentoring
programs can provide background and experience for
students. These are opportunities for the students to
apply their current knowledge while gaining additional
insight into the applications of the information and the
functioning of an organization. These connections could
even lead to future employment opportunities.

Re W osure

Even if work experience opportunities are minimal
the curriculum can still be designed to provide the
students with real world exposure. There are many
methods that serve to make students aware of the
professionals in the area, their roles and
responsibilities; guest presentations in the classroomn,
students interviews or contacts in the process of

researching current concerns locally, regionally,
nationally, globally. Invite these people to speak at
the student group meeting. The department can even

sponsor forums and speaker series to bring these people
to campus. The key is to help the students increase
their awareness and consciousness of the hydrologic
studies and concerns of the environment at different
scales.
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CONCLUSIONS

Obviously, one course can not provide the
preparation needed for a student to succeed in the
profession. However, in a well designed curriculum the
individual courses can have many of these components on
a smaller scale. An individual course can be designed to
complement and build on the knowledge base provided from
previous courses. It can also be designed to model the
components discussed above which the student needs to
acquire to be prepared for the profession.

Thus, although educational institutions are not
equipped to train individual students for specific jobs,
curriculums in applied hydrology and the environment can
be designed to provide the background necessary for
students to join and excel in the professions responsible
for the applied hydrologic studies and concerns of the
environment.

56



HYDROLOGIC EDUCATION: THE NEED FOR A FIELD COMPONENT

Lee H. MacDonald‘;

1. INTRODUCTION

In 1988 the National Research Council convened a
committee to guide science and educational policy
decisions in hydrology. The resulting book,
Opportunities in the Hydrologic Sciences, argues for
and suggests means for building a stronger identity and
unity in hydrologic science. Of particular relevance
is the chapter on hydrologic education, where it states
that a serious educational problem is "the lack of
field and laboratory experience at the undergraduate
level, a situation that has reached crisis proportions"
(p. 287, NRC, 1991). This conclusion is strongly
supported by a recent survey of hydrology courses at
colleges and universities in the U.S. and Canada. The
respondents described 73 undergraduate hydrology
courses in civil engineering, but only two incorporated
an experimental or field component (Groves and Moody,
1992). In contrast, three-fourths of the instructors
required some computer-based work.

Clearly--at least at the introductory level--most
undergraduates in hydrology are computer literate but
receive no little or no training in field methods. The
purpose of this paper is to examine the short and long-
term implications of this deficiency, and suggest how a
field-based course can be developed at minimal cost.
For illustrative purposes a newly-revised course in
watershed measurements is described. The modular
nature of this course means that some or all of the
units can easily be adapted.

2. RATIONALE FOR FIELD COURSES IN HYDROLOGIC EDUCATION
The relative absence of field and laboratory
courses in hydrology has a number of short- and long-
term implications. These include: (1) an unwarranted
faith in published data; (2) a lack of appreciation for
the spatial and temporal variability of most hydrologic
processes; (3) a lack of appreciation for the
difficulty of collecting good quality data; (4) an
inability to design and execute projects to collect

‘Associate Professor, Department of Earth Resources,
Colorado State University, Fort Collins, CO 80523.
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field data; (5) a lack of field experience which can be
applied when confronted with different problems or new
environments; (6) an inability to evaluate published
materials or models against "field reality"; (7)
excessive reliance and trust in theoretical or
conceptual models; and (8) a reduced potential for
lifelong learning through obervation and analysis. As
noted in the afore-mentioned NRC report:

"The consequences of this are both profound and
disturbing. Students have become separated from
the realities of the physical world they seek to
master, studying only conceptual models in which
the rich complexity of nature is replaced
necessarily by the convenience of ad hoc
simplification. In the absence of experimental
validation, these models tend to take an aura of
reality in the minds of the users, which may lead
to scientific error and stagnation." (NRC, 1991,
pP.- 287).

It should not be regarded as heresy to suggest
that "field literacy" is of equal importance to
computer literacy. The process of determining what to
measure, where to measure, and when to measure
exemplifies the scientific process in terms of
identifying a hypothesis, establishing an experimental
design, and then testing the hypothesis. The process
of collecting data forces students--and in this sense
we all are students--to recognize the spatial and
temporal variability characteristic of virtually all
hydrologic processes. Field data collection also
forces an appreciation for the uncertainty and
arbitrariness associated with single observations. The
analysis and interpretation of the collected data is
the final and arguably most important step in the
scientific method. This step is probably the most
difficult to teach and the one most commonly neglected
in undergraduate courses. My personal belief is that
all of these basic lessons are most effectively taught
through courses which require students to collect and
analyse data.

By guiding students through this process, a
variety of other skills are developed. These include
enhanced observational skills and an awareness of
hydrologic processes in the field (e.g., can we
determine whether Horton overland flow is the primary
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source of storm runoff?). Confronting the students
with such questions forces them to be more critical of
the typical simplifications inherent in the hydrologic
models and empirical techniques commonly used by
practicing hydrologists, and more aware of the
complexity found in the real world.

Of particular concern is the long-term implication
of omitting a field-based component in hydrologic
education. The risk is that hydrologic science will
become increasingly esoteric and unrealistic. If we
consider that today’s undergraduates are tomorrow’s
teachers and practitioners, will they be prepared to
practice and teach in ways which are realistic and
insightful? Will they have the knowledge and
experience to advance this combination of art, craft,
and science that we call hydrology? Or will we be
caught in a downward spiral of more models and less
data? The NRC report notes that the lack of field-
based courses appears to be self-perpetuating (p.287).

In a recent address to the 300-plus hydrologists
in the U.S. Forest Service, Dr. Luna Leopold noted that
structured field observations are probably the single
most important means by which hydrologists can advance
their knowledge and capabilities. He noted that most
organizations have very limited resources for training,
and it is therefore incumbent on the individual to
train themselves through a self-imposed regimen of
observation and analysis. The most highly-repected
hydrologists in the U.S. have already gone on record as
strong advocates for a field-based education, and it is
our responsibility as professional educators and
hydrologists to ensure that the next generation is
adequately prepared both for the tasks which lay before
them and the life-long learning necessary for further
progress.

3. MUST FIELD COURSES BE COSTLY AND DIFFICULT?

There are a variety of reasons why people often
are reluctant to initiate field courses. First, field
courses are presumed to require expensive equipment.
Second, the field is unpredictable, and many teachers
prefer situations in which they have more control and
can retain the aura of omniscience. Third, many
teachers themselves do not have much field experience,
and there is a natural hesitation to teach topics in
which one has little knowledge or experience.
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The reality is that field courses do not
necessarily require expensive equipment. Critical
meteorolgic data such as precipitation and temperature
can be measured very inexpensively. Plastic wedge-
shaped rain gages can be bought for around $6 each, or
students can simply use empty cans or wide-mouthed
bottles. As long as the devices and measurement
procedures are similar, the data can be compared and
quantitatively analysed. Inexpensive thermometers are
adequate for most purposes. Discharge measurements can
be made with nothing more than a string, a couple of
stakes, a line level, a tape measure, and an orange to
be used as a float; the total cost of these items can
be less than $20. Infiltrometers can be made from
sheet metal, and determination of soil water content
requires only a weighing scale and an oven.

The critical lessons to be learned in field
courses is not a dependence on expensive equipment, but
the process of designing a project, collecting the
data, and analysing the data in a manner which is
appropriate to the question being addressed. The same
principles apply whether one measures precipitation
with uses a tipping bucket rain gage or an old tuna
can.

Clearly field courses are more unpredictable than
lectures, but that in itself is an important lesson.
Too often students have been led to expect a black-and-
white world, but we know that the real world is a
dynamic collection of interacting, non-linear
processes. Often there is not a "best" procedure or a
true value, and it essential that students recognize
the limitations of our ability to measure and define
everything of relevance to a particular problem.

4. WATERSHED MEASUREMENTS AT COLORADO STATE UNIVERSITY
The Watershed Science Program at Colorado State
University is in the College of Natural Resources, and
it offers B.S., M.S., and Ph.D. degrees. All
undergraduate majors are required to take a two
semester-credit course called Watershed Measurements.
Normally this course is taken in the junior year, but
many incoming graduate students enroll in this course
because they have a limited background in hydrology.
The stated purpose of the course is to cover the
procedures for collecting a variety of field data, but
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the underlying objectives are much more diverse and of
at least equal importance.

The course is taught during one three-hour lab
period each week and a required one-day field trip
(Appendix 1). The course is structured around two
major exercises (meteorologic data collection and
stream channel measurements) and a series of smaller
exercises and field trips (Appendix 1). 1In the absence
of a text, a course reader has been developed (Appendix
2). For copyright reasons this reader contains only
materials published by the government or scientific
organizations, as they generally are willing to allow
limited duplication for nonprofit educational purposes.
The current version exceeds 400 pages and thus must be
regarded as more of a reference book than a true
reader.

5. CONCLUSIONS

There is a serious deficiency of field-based
courses in hydrologic education. This is a self-
perpuating situation and has adverse consequences on
the future development of hydrologic science and the
competence of newly-graduated professionals. Field-
based courses can be developed at minimal cost. Even
if one does not initially have the necessary expertise,
one often can draw on hydrologists within public
agencies or even private consultants. In most cases
professional hydrologists are quite willing to
volunteer a few hours to teach a particular topic or
assist with a field exercise. Very few communities lie
outside the reach of hydrologists within the U.S.
Forest Service, U.S. Geological Survey, or Soil
Conservation Service. Every community has water
resource issues which can provide the basis for a field
trip and/or field measurements. The development of a
field-based hydrology course requires only commitment,
enthusiasm, and a willingness to learn and adapt.
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Appendix 1. Outline and content of the Watershed
Measurements course at Colorado State Univ. (ER 417).

Objectives: The purpose of this course is to provide
both a theoretical and practical knowledge of the most
common types of measurements related to land use
hydrology and watershed management. The course also
will provide some training in collecting, analysing and
presenting data in written reports. The methods used
to achieve these objectives will include lectures,
outside reading, directed field exercises, lab and
homework assignments, field trips, and a take-home
final exam.

Grading:
Major lab reports
Climatic measurements 20%
Stream measurements 20%
Lab exercises (4) 30%
Take~home final 30%
Total 100%

Course Content and Schedule (1991):

Aug. 28 Course introduction, climate measurements;

Sept. 4 Stream classification; habitat types;

Sept. 11 Stream channel measurements (cross-sections,
discharge, thalweg profile, bed material
particle size, Manning’s n);

Sept. 14 Field trip to Little South Fork of the Poudre
River (approx. 8:00-5:00);

Sept. 18 Distribute data from field trip; other types
of discharge measurements;

Sept. 25 Weather stations; visit to CSU station (N.
Doesken) ;

Oct. 2 Topo maps (hypsometric curves, areal
precipitation, drainage density,
digitizer);

Oct. 9 Soil moisture;

Oct. 16 Infiltration and hydraulic conductivity;

Oct. 23 Field trip to Pawnee grasslands;

Oct. 30 Statistical design and paired watersheds;

Nov. 6 Sediment sampling;

Nov. 13 Field trip to Engineering Research Center;

Nov. 20 Snow measurements and runoff forecasting

(scs);

Nov. 27 Thanksgiving break;

Dec. 4 Framework and procedures for watershed
analysis.
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Appendix 2. Contents of the course reader for

Watershed Measurements (ER 417).

1. Meteoroloqgy.
Brakensiek, D.L., et al. (eds.), 1979. Field manual

for research in agricultural hydrology.
Agriculture Handbook 224, U.S. Dept. of Agric.,
Washington, D.C. (pages 3-15, 23-31, 217-226).
out of print.

2. Channel Measurements.
Buchanan, T.J., and W.P. Somers, 1969. Discharge

measurements at gaging stations. Chapter A8, Book
3, Techniques of Water-Resources Investigations of
the U.S. Geological Survey, Washington, D.C.
(pages 1-11, 31-40, 58-65).

Platts, W.S., W.F. Megahan, and G.W. Minshall, 1983.
Methods for evaluating stream, riparian, and
biotic conditions. U.S.D.A. Forest Service Gen.
Tech. Rep. INT-138, Ogden, Utah (pages 1-24, 46-
49).

Wolman, M.G., 1954. A method of sampling coarse river-

bed material. Trans. Amer. Geo. Un. 35(6): 951-
956.

3. Stream and Habitat Classification.
Frisell, C.A., W.J. Liss, C.E. Warren, and M.D. Hurley,

1986. A hierarchical framework for stream habitat
classification: viewing streams in a watershed
context. Environ. Mgmt. 10(2): 199-214.

Rosgen, D.L., 1985. A stream classification system.

In Riparian Ecosystems and their Management:
Reconciling Conflicting Uses. USDA Forest Service
Gen. Tech. Rep. RM-120, p. 91-95.

Bisson, P.A., J.L. Nielsen, R.A. Palmason, and L.E.
Grove, 1982. A system of naming habitat types in
small streams, with examples of habitat
utilization by salmonids uring low streamflow. In
Armantrout, N.B., (ed.), Acquisition and
utilization of aquatic habitat inventory
information, Proceedings of a Symposium, Western
Division, American Fisheries Society.

4. Drainage Basin Characteristics.
Striffler, D., undated. Morphometric characteristics.

Unpublished handout. 1 p.
U.S. Geological Survey, 1977. Topographic
characteristics. Chapter 7.B. in National
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Handbook of Recommended Methods for Water-data
Acquisition, Office of Water Data Coordination,
U.S. ‘Geological Survey, pages 7-5 to 7-19.

Thomas, D.M., and M.A. Benson, 1970. Generalization of
streamflow from drainage-basin characteristics.
U.S. Geological Survey Water-Supply Paper 1975,
Washington, D.C., page 54.

Julian, R.W., V. Yevjevich, and H.J. Morel-Seytoux,
1967. Prediction of water yield in high mountain
watersheds based on physiography. Hydrology Paper
No. 22, Colorado State University, Fort Collins,
co. 21 p.

5. Soil Moisture.

Hillel, D., 1980. Fundamentals of soil physics.
Academic Press, N.Y. Pages 156-162 (on reserve).

Cassel, D.K., and A. Klute, 1986. Water potential:
tensiometry. In Klute, A., (ed.), Methods of Soil
Analysis: Part 1, Amer. Soc. of Agron., Madison,
Wisconsin, p. 563-571.

Dowd, J.F., and A.G. Williams, 1989. Calibration and
use of pressure transducers in soil hydrology
(abstract only).

Rawlins, S.L., and G.S. Campbell, 1986. Water
potential: thermocouple psychrometry. In Klute,
A., (ed.), Methods of Soil Analysis: Part 1, Amer.
Soc. of Agron., Madison, Wisconsin, p. 597-605.

Campbell, G.S., and G.W. Gee, 1986. Water potential
with electrical resistance sensors. 1In Klute, A.,
(ed.), Methods of Soil Analysis: Part 1, Amer.
Soc. of Agron., Madison, Wisconsin, p. 620-625.

6. Infiltration and Hydraulic Conductivity.

Bouwer, H., 1986. Intake rate: cylinder infiltrometer.
In Klute, A., (ed.), Methods of Soil Analysis:
Part 1, Amer. Soc. of Agron., Madison, Wisconsin,
p. 825-844.

Peterson, A.E., and G.B. Bubenzer, 1986. Intake rate:
sprinkler infiltrometer. In Klute, A., (ed.),
Methods of Soil Analysis: Part 1, Amer. Soc. of
Agron., Madison, Wisconsin, p. 845-849.

Amoozegar, A., and A.W. Warrick, 1986. Hydraulic
conductivity of saturated soils: field methods.
In Klute, A., (ed.), Methods of Soil Analysis:
Part 1, Amer. Soc. of Agron., Madison, Wisconsin,
p. 758-768.
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7. Statistics and Paired Watersheds.

MacDonald, L.H., A. Smart, and R.C. Wissmar, 1991.
Statistical considerations in water quality
monitoring. In MacDonald, L.H., et al.,
Monitoring Guidelines to Evaluate Effects of
Forestry Activities on Streams in the Pacific
Northwest and Alaska, U.S. Env. Prot. Agen. 91019-
91-001, Seattle, Wash., pages 22-35.

Hurlbert, S.H., 1984. Pseudoreplication and the design
of ecological field experiments. Ecol. Mon.
54(2): 187-211.

8. Sediment.

Edwards, T.K., and G.D. Glysson, 1988. Field methods
for measurement of fluvial sediment. U.S.
Geological Survey Open-File Report 86-531,
Washington, D.C.

9. Snow Measurements and Streamflow Forecasting.

McGurk, 1985. Precipitation and snow water equivalent
sensors: an evaluation. Proc. 54th West. Snow
Conf.: 71-80.

SCS, unknown. Data collection for water supply
forecasting. USDA Soil Conservation Service,
pages 2-1 to 2-18.

SCS, 1990. Water supply forecasts: a field office
guide for interpreting streamflow forecasts.
USDA Soil Conservation Service, West National
Technical Center, Portland, Oregon, I-1 to I-10,
IT-1 to II-6, III-1 to III-S.
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- 'SESSION V-B
COMPUTERS IN WATER RESOURCES EDUCATION



RULE BASED COMPUTING IN WATER RESOURCES:
AN ALTERNATIVE TO PROCEDURAL LANGUAGES

Johannes Gessler *)
INTRODUCTION

In a survey among recent graduates of Georgia Tech 80% of the civil engineering
students indicated that they did not "program®. Why then do we continue to teach
*programming®, typically in the freshman year of our curricula? Is this strictly an academic
exercise with no significance to the majority of the student at the time they enter their
engineering career? ‘Programming® in the survey was defined as "programming in
FORTRAN, Pascal, C, or perhaps BASIC".

But a fair number of former students indicated they were using "spreadsheets* on
a regular basis. Talking to our own graduates at Colorado State reveals very similar
results, though we do not have a extensive survey. We find that in fact, many engineers
*program within spreadsheets".

We can define ‘*programming® in a slightly broader sense: preparing
computer/software tools to perform computations according to the instructions of the
user. Such a definition includes "procedural programming® in such *classic* languages
as from BASIC to C, but it also includes the manipulations of data sets in spreadsheets.

Many engineers who, due to lack of opportunity, have forgotten their procedural
languages, put a great effort into manipulating spreadsheets to do their computational
task, how inappropriate the tool might be. The fact is that spreadsheets provide very
rigid, well defined frameworks the user can easily remember. But frequently the task
would be easier if the program would be written in a procedural language. To phrase it
pointedly: spreadsheets get extensively abused, simply because the engineers are
uncomfortable with the use of more appropriate tools.

RULE BASED COMPUTING: TK SOLVER

A new category of programming tools includes the "equation solvers®, one of
which is TK Solver. The name "equation solver* implies that these are tools which solve
sets of linear and non-linear equations. In addition TK Solver can serve as a very
sophisticated spreadsheet, that is the equation solver can act on data sets. The
equations involved can be much more sophisticated than what is possible in
spreadsheets. And the "programming® of TK Solver is much simpler and faster than for
either, procedural programming or spreadsheets.

There are two fundamental concepts which make TK Solver such a powerful tool:
(a) the user does not have to worry about the numeric procedure used to solve sets of
equations. TK Solver has a generic, built-in equation solver routine (a modified Newton-

*) Professor of Civil Engineering, Colorado State University, Ft. Collins, CO.
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Raphson procedure) which it can enact automatically; (b) after a problem is programmed
for a given set of input variables, this program (*model* in the TK language) can be solved
for any other set of input variables. In other words the program can be turned around
without the need of writing another code. In TK Solver language this capability is called
backsolving. From a design point of view this is an extremely important feature.

Successful model building in TK Solver is a skill not so different from learning to
program in FORTRAN. But learning to do so in TK Solver takes much less time. And
model building in TK Solver takes only a fraction of the time it takes in FORTRAN. People
experienced on both sides find that solving a particular numeric problem with TK Soiver
takes only 10 to 20% of the time it takes in FORTRAN. '

PROGRAMMING OF WATER RESOURCES RELATED PROBLEMS

Hydraulics is a discipline dominated by non-linear equations, simply because
momentum and energy equation are non-linear. In addition in water resources we deal
frequently with large arrays of data (‘lists* in the language of TK Solver). Both aspects
make TK Solver a logical tool to use. In the following pages we illustrate the solution to
one particular problem using TK Solver.
THE SAMPLE PROBLEM

Let us *model" the relationships between discharge, depth of flow and bed shear
stress in an open channel, as a function of the geometry, specifically channel shape,
roughness characteristics on the channel perimeter, and longitudinal slope. Note that we
don't say: find the depth of flow for a given discharge (or visa-versa). In TK Solver, if we

can do the first we can "backsolve* the problem as well, without the need of re-formulating
the problem.

We will take this problem through a number of steps with ever increasing
complexity until we have a rather realistic computer model of the process.

MODEL # 1
The normal flow equation in an open channel is
v=(8gRS/f)"? (1)

where v is the average velocity, g the acceleration due to gravity, S the channel slope,
f the friction factor:

f=(221+203logRK) )> @
with k the controlling roughness height and R the hydraulic radius
R =A/P ©)

where A is the cross sectional area and P is the wetted perimeter. Let us assume the

68



cross section is trapezoidal, with a bottom width of W, a depth of D, and side slopes of
1 vertical : n horizontal. Then area A and perimeter P are given by

A=WD+Dn?

P=W+2D (1+n®)'?

@
©)

Finally the discharge is given as the product of area and velocity

entered

Q=vA

(6)

Simply enter these equations (‘rules’) into the rule sheet of TK Solver. At this
point in time we do not need to be concerned whatsoever what variable is given and what
are the unknowns. As you enter the rules the variable names used will automatically be

into the variable sheet.

Let us now assume we know the bottom width W, the channel slope S, the side
slope n, and the depth of flow. We enter the given values into the variable sheet and tell

RULE SHEET
S Rule
; Model 1: uniform roughness around perimeter
v = sqrt(8*g*R*S/f) ; normal flow equation
f=(2.21 + 2.03*%log(R/k) )"(-2) ; friction factor equation
R = A/P ; hydraulic radius
A = WD + D*n"2 ; area
P = W + 2*¥D*sqrt(1+n”2) ; wetted perimeter
Q = v*A ; discharge
VARIABLE SHEET
St Input—— Name— Output Unict Comment
v 5.6809302 average velocity
32.2 g acceleration due to gravity
R 2.3560776 hydraulic radius
.002 S channel slope
f .03761201 friction factor
.08333333 k controlling roughness
A 84 cross sectional area
P 35.652476 wetted perimeter
20 w bottom width of channel
3.5 D depth of flow
2 n side slope (1 vertical :
n horizontal)
Q 477.19814 discharge

Figure 1: Rule and Variable Sheet of Model 1.
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TK Solver to "solve" the problem by pressing key F9. The answer in form of values for the
unknown parameters will appear instantaneously in the "output column® of the variable
sheet. In Figure 1 we show the rule and variable sheet of TK Solver with the above
information entered and after the problem was solved.

Of course this is an easy problem, even if you use a hand-held calculator: given
the depth you can find area and wetted perimeter, then the hydraulic radius and the
friction factor, and finally the velocity. But note that to TK Solver it does not matter in
which order you state the rules.

More challenging is the ‘reversal® of the problem: given the discharge, find the
depth. Now we want to backsolve the problem. To solve it we do not need to change
anything within the rule sheet. But in the variable sheet we re-assign values as above,
with the exception of depth being unknown and discharge being given. We need to solve
the resuilting set of highly non-linear equations for the unknown D. Using any numeric
technique we would need to provide a starting point for the solution in form of an
estimated answer. We can instruct TK Solver to use a first guess of D = 1. Press F9
again and you get, after a few iterations, the answer (see Figure 2). Programming this
problem in FORTRAN takes a considerable effort. Here finding the depth for a given
discharge is just as easy as the opposite and does not require any additional
programming. :

VARIABLE SHEET
St Input Name—— OQutput Unit Comment

v 6.0372237 average velocity

32.2 g acceleration due to gravity
R 2.5801139 hydraulic radius

.002 S channel slope
£ .03647037 friction factor

.08333333 k controlling roughness
A 99.383431 cross sectional area
P 38.519009 wetted perimeter

20 W bottom width of channel
D 4.1409763 depth of flow

2 n side slope (1 vertical:

n horizontal)
600 Q discharge

Figure 2: Model # 1; The Variable Sheet for Finding the Depth of
Flow for a Given Discharge.

MODEL # 2
We proceed with making the problem a little more general and more realistic. Let
us assume that the side slope of the channel do not have the same roughness as the

bed. We assume that they are rip-raped, providing a roughness on the sides of ks. The
bed roughness we now call kb. It is customary to solve this problem under the
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assumption that the flow equation can be applied to three sub-cross sections, one each
associated with the left side, the bottom and the right side. It is assumed that each of the
sub-cross sections will have the same slope S and the same average velocity v. This
leads to the following equations:

R/f = Rs/fs ]
R/f = Rb/fb 8
f=(Wfb+ (PWIfs)/P 9

Here Rs is the hydraulic radius associate with the sides, Rb is the hydraulic radius
associate with the bed, and fs and fb are the corresponding friction factors, defined as

fo = (2.21 + 2.03 log(Rb/kb) )* (10)
fs = (2.21 + 2.03 log(Rs/ks) )? (11)
We can add these new rules to Model # 1, but at the same time we have to remove the

original equation for f, Equ. 2, since it is now replaced by the new equation for f, Equ. 9.
The hydraulic radius for the total cross section, R retains its original meaning.

RULE SHEET
S Rule
; Model 3: different roughness for bed and sides.

v = sqrt(8*g*R*S/f) ; normal flow equation
R =A/P ; hydraulic radius

A = WD + D#¥n"2 ;. area

P = W + 2*D¥sqrt(1l+n"2) ; wetted perimeter

Q = v*A ; discharge

R/f = Rs/fs ;] equations for

R/f = Rb/fb ;] non-uniform roughness

f=(Wxftb + (P-W)*fs ) / P ; average friction factor
fb = ( 2.21 + 2.03*log(Rb/kb) )"(-2) ;] equations for
fs = ( 2.21 + 2.03*log(Rs/ks) )"(-2) ;] roughness coefficients

Figure 3: Rule Sheet for Model # 2

The problem now consists of ten equations. And even if depth is given it is no longer
straight forward to solve for discharge. Rather it is necessary to solve the equations
simultaneously. Again we need to provide a guess to get the built-in algorithm started.
It is sufficient to guess at the beginning Rb to be equal to the depth of flow. In Figure 3
we show the new rule and variable sheet. Depth is given, discharge is to be found. The
only new additional input variable is the rip-rap size ks. We use .667 ft.
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VARIABLE SHEET

St Input Name Output— Unit Comment
v 4.5850128 average velocity
32.2 g acceleration due to gravity
R 2.3560776 hydraulic radius
.002 S channel slope
£ .057741 friction factor
A 84 cross sectional area
P 35.652476 wetted perimeter
20 w bottom width of channel
3.5 D depth of flow
2 n side slope (1 vertical:
n horizontal)
Q 385.14108 discharge
fs .07779211 friction factor for sides
Rs 3.1742478 hydraulic radius for sides
Rb 1.7157582 hydraulic radius for bed
(guessed equal to depth)
fb .04204853 friction factor for bed
.08333333 kb controlling bed roughness
.667 ks controlling side roughness

Figure 3 (continued): Variable Sheet for Model # 2

In Figure 4 we show the variable sheet for Model # 2 when we backsolve the
problem, that is given the discharge, find the depth. We now need to guess two of the
unknowns. We used depth and the hydraulic radius of the bed as variables to be
guessed. For both initial guessing we used 1.

Most people find programming of this model in FORTRAN very difficult, especially
the case of finding the depth, given the discharge. Typically it requires several hours to
get the program to run. Of course you need two different programs, depending whether
you are looking for depth or discharge. In TK Solver, building this model requires less
than 1/2 hour. A good understanding of numerical methods is not required. The only
"tricky" part is to decide what and how many unknowns to guess.

MODEL # 3

We continue to build more information into this model. In stable channel design
one would have to ask whether the bed material would move under conditions used in
Model # 2. The controlling factor is the Shields’ parameter

SH =Rb S/ ((sg-1) kb) (12
We can add the rule to Model # 2 and solve it for depth given a discharge of 100 cfs.

The resulting Shields’ parameter is 0.037. This value is too high to guarantee a stable
bed. Consequently we backsolve the problem: what is the discharge when the Shields’
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VARIABLE SHEET

St Input Name Output Unit Comment
v 5.0304149 average velocity
32.2 g acceleration due to gravity
R 2.8247032 hydraulic radius
.002 S channel slope
f .0575097 friction factor
A 119.27446 cross sectional area
P 42.225483 wetted perimeter
20 w bottom width of channel
D 4.969769 depth of flow (guessed
as 1)
2 n side slope (1 vertical:
n horizontal)
600 Q discharge
fs .07322478 friction factor for sides
Rs 3.5965809 hydraulic radius for sides
Rb 1.9669355 hydraulic radius for bed
(guessed as 1)
fb . 04004593 friction factor for bed
.08333333 kb controlling bed roughness
.667 ks controlling side roughness

Figure 4: Model # 2; The Variable Sheet for Finding the Depth of
Flow for a Given Discharge.

parameter reaches its allowable maximum of 0.023? Just assign .023 to the Shields
parameter and make the discharge an unknown. The result may be unsatisfactory from
a design point of view: the discharge is only 37 cfs. We then may ask yet another
question: for a discharge of 100 cfs, what width of the channel bottom would be required
to keep the Shields’ parameter at 0.023. Simply make the width an output variable,
specify the discharge to be 100 cfs, and the Shields’ parameter to be 0.023, see Figure
5.

The only difficulty we run into has to do with the question what variables and how
many to guess. After a few minutes of experimentation one finds that guessing the
average friction factor (0.05), the depth of flow (1.0) and the hydraulic radius of the side
will work,

CONCLUSION

Writing a procedural computer program for Model # 2 or 3 would consume many
hours. Using TK Solver a model for our sample problem can be built in about 30 minutes.
Not only do we save time, but the TK model can solve for any set of unknowns without
the need of changing any rules. With minimal time investment the user can solve
numerous *what if* problems. The result will be a better design which requires less time.
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RULE SHEET

S Rule

; Model 3: Model # 2 with Shields Parameter.

v = sqrt(8*g*R*S/f)
R =A/P
A = W*D + D*n"2
P = W + 2*D*sqrt(1+n”2)
Q = v*A

R/f = Rs/fs

R/f = Rb/fb

f = (Wkfb + (P-W)*fs ) / P

£b = ( 2.21 + 2.03*Llog(Rb/kb) )"(-2)
fs = ( 2.21 + 2.03%log(Rs/ks) )"(-2)
SH = Rb*S / ((sg-1)*kb)

VARIABLE SHEET

; normal flow equation

; hydraulic radius

; area

; wetted perimeter

; discharge

;] equations for

;] non-uniform roughness

; average friction
factor

] equations for

] roughness coefficients
Shields’ parameter

St Input—— Name—— Output— Unit

v 2.256629

32.2 g
R .65036714

.002 S
f .06579821
A 44.,313885
P 68.136722
w 65.276025
D .6396713

2 n

100 Q
fs .12916872
Rs 1.2767382
Rb .62291667
fb .06302102

.08333333 kb

.667 ks
.023 SH
1.65 sg

Comment
average velocity
acceleration due to gravity
hydraulic radius

channel slope

friction factor (guesses

as .05)

cross sectional area
wetted perimeter

bottom width of channel
depth of flow (guessed

as 1)

side slope (1 vertical :

n horizontal)

discharge

friction factor for sides
hydraulic radius for sides
(guessed as 1)
hydraulic radius for bed
friction factor for bed
controlling bed roughness
controlling side roughness
Shields’ parameter
specific gravity of gravel

Figure 5: Backsolving Model # 3 for Channel Width.
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Educational Software for Reservoir Management

by
Darrell G. Fontane and John W. Labadie!

ABSTRACT: Reservoirs are an integral part of water
resources management systems and the use of computer
models is standard practice in reservoir operation.
Unfortunately, students usually have limited exposure to
reservoir management concepts and limited computing
backgrounds. The authors discuss the use of various
micro-computer based reservoir operation programs that
have been developed or adapted for educational purposes
in the Department of Civil Engineering at Colorado State
University. This paper overviews the philosophy behind
the design and use of this software and integrated
student exercises. The authors provide their assessment
of the value of using this educational software.

INTRODUCTION: The Department of Civil Engineering at
Colorado State University (CSU) offers graduate courses
that emphasize water reservoir management from a systems
engineering perspective. Most students come into these
courses with 1little background and understanding of
reservoir management concepts and issues. Undergraduate
programs devote little or no time to this complex task
and public perceptions of reservoirs, their impacts on
the water resources systems and their management
considerations are limited at best.

Computer models are an integral part of the operation of
modern water resources systems. The operation of
reservoirs must increasingly satisfy multiple purposes
such as flood control, water supply, recreation, wildlife
protection and water quality maintenance. Further,
reservoir system operation must consider the spatial,
temporal and stochastic nature of water resources.
Computer models can simulate the water resources system
and provide valuable insight into the basic operational
principles and help quantify tradeoffs between the
various system purposes. Therefore, courses in reservoir

1 Respectively, Associate Professor and Professor of

Civil Engineering, Colorado State University, Fort
Collins, CO 80523
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management need to provide understanding of modeling
concepts and the role of the computer models in
management. Unfortunately, many students have a limited
computing background and the use of the computer becomes
a "barrier" that must be overcome rather than an aid in
the learning process. In all honesty to the students,
traditional water management computer models are complex
and rather difficult to use.

Within this context, the authors have been working to
integrate information and computing technologies into
their courses at CSU with the overall purpose being to
improve the educational experience for the student.
Specific goals for incorporating educational software are
identified in order of priority:

1. Improved understanding of the basic concepts of
reservoir management.

2. Improved understanding of selected mathematical
algorithms for simulation and optimization as
applied to the reservoir systems.

3. Improved understanding of the role of computing
in reservoir management. ’

4. Improved understanding of the basic concepts
of computing.

5. Expose students to "typical" models that they
may encounter in practice.

Existing water management software was developed for
operational support, not for teaching. The educators'
dilemma is how to incorporate the existing water
management software into their courses or develop new
educationally focused software that enhances the students
understanding of the basic concepts without requiring a
inordinate effort from the student to use the software.

The problem is focused both on the software itself and
how the software supports the course objectives. The
authors define their efforts as creating "courseware"
which they define as adapted software with integrated
student assignments. This paper will discuss the
courseware currently being used in the introductory
graduate course in water resources systems analysis, CE
546, taught in the CE department at CSU. It should be
noted that much of this courseware has also been used by
the authors in international short courses. Some of the
software is applicable at the undergraduate level.
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COURSEWARE: The software used in the CE 546 course is
listed in Table 1 in order of its introduction into the
course. All software 1is micro-computer based and
available in a micro-computer student laboratory. The
guiding principal of all the software is that it be easy
to use, interactive and menu driven. Graphical displays
are used whenever possible to assist in understanding the
model results. Interfaces have been developed for
existing operational models to adapt them to the
educational purposes of the course.

The use of the models in the course has been designed to
provide progressive exposure to the underlying
operational concepts. As an example, the students begin
the course by using the RESEXP model in the Manual mode.
The student "plays" reservoir operator by trial and
error. They find by experimentation how normal, drought
and flood operations differ. They begin to get an
intuitive feel for contingency planning. Hopefully they
also begin to get curious about how the simulation
process works and how they can systematically improve
their operation of the reservoir. As the students are
exposed to the mathematical concepts behind the
simulation models, they move to the RESIM and RASHH
models to develop and test consistent operational
policies using longer time horizons. They are then
introduced to optimization approaches, using the CSUDP
software, for developing operational policies which they
can compare to the policies they developed by trial and
error. They go back to the RESEXP model and evaluate the
expert system operations which are based upon a
combination of optimization and operator experience.
Finally the students are introduced to water quality
simulation and control and multiple reservoir system
management.

Coordinated student exercises complement the educational
software. Students are exposed to a variety of reservoir
situations based upon data sets from various sizes of
rivers throughout the world. However, the exercises
used during each specific offering of the course focus
primarily on a single data set. Therefore, the students
are continually applying progressively more complex
techniques to the same set of data. The students rapidly
gain familiarity and a feeling for how the reservoir
should operate and this enhances their understanding of
what the various techniques are providing. This is
particularly important in assisting students to
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TABLE 1 -~ Educational Software used in the CE 546 Water
Resources Systems Analysis Course

Model Model

Name Purpose

RESEXP Single Reservoir Monthly Simulation for
[PROLOG) a 1 Year Horizon. Two User Modes:

RESIMW, RESIMWP
RESIMR, RESIMWS
[QUATTRO PRO 3
Spreadsheet)

RASHH
[QuickBASIC]

CSUDP
( FORTRAN)

WESTEX
[ FORTRAN]

MODSIM
[ FORTRAN]

a) MANUAL Mode - User Specifies the
Monthly Release Quantity

b) EXPERT Mode - Built in Expert System
Rules Determine the Monthly Release

Single Reservoir Monthly Simulation for
10 Year Horizon. Simulates User
Specified Operational Rules. Different
Models are Used for Different Types of
Operational Rules.

Single Reservoir Monthly Simulation for
Up to a 50 Year Horizon. Simulates User
Specified Operational Rules. Has the
Capability to Generate Stochastic Inflow
Traces. User chooses to Simulate with
Historical or Stochastic Inflow Data.

General Dynamic Programming Software.
Template Subroutines Provided to Assist
Students in Using Dynamic Programming
for Optimizing Reservoir Operation for
Single of Multiple Reservoirs.

QUATTRO PRO 3.0 Interface for Reservoir
Input and Output Analysis.

Corps of Engineers One-Dimensional
Reservoir Thermal & Conservative Quality
Daily Simulation. Predicts Reservoir
and Release Water Quality and Determines
Selective Withdrawal Operational
Strategies. QUATTRO PRO 3.0 Interface
for Model Input and Output Analysis.

General Multiple Reservoir System
Simulation Software. Employs a Network
Flow Algorithm to Distribute Water in a
River-Reservoir System considering Water
Use Priorities. Used in this course to
Demonstrate System Operation Concepts.
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understand optimization techniques whose results may not
always be immediately "intuitively obvious". The
students are encouraged to discover and share their
perceptions of the advantages and disadvantages of the
various approaches.

The exercises are designed such that each time a new
model is introduced, students return to earlier models
they are now familiar with to help them evaluate the
value of the new model. This helps to build experience
in using computer models and developing independent,
critical evaluations of the approaches presented in the
course. The primary focus of the exercises is not on
using the models, but on reservoir management. Exercise
questions focus on how to operate the reservoir during
critical periods, describing operational strategies, etc.
The student's goal is clearly understanding reservoir
management techniques, not computer programming.

EXPERIENCES: The authors have a significant combined
experience in teaching the CE 546 course and other water
resources courses at CSU. The effectiveness of the
software has been subjectively evaluated considering
student evaluations, student performance on examinations
and perceived students' understanding of the basic
concepts. Overall the authors are convinced that the
educational software has a symbiotic relationship in the
courses and contributes immensely to the students'
understanding of the material. The authors plan to
continue expanding their courseware resources and its
implementation in their courses at CSU.

However, the contribution of the courseware is not always
universal. Often the largest realized benefit of the
courseware 1is to the ©brightest students, with
progressively less benefits to students with lesser
academic abilities. Students with some experience in
reservoir management also seem to gain significantly from
the courseware. Unfortunately, some of the poorer
students can be intimidated by the software even with
additional one-on-one help. Since these students are
confused about the software, they may become even more
confused about the concepts the software is trying to
illustrate. Often they can rapidly learn to use the
software since it is menu driven and user friendly,
however, they never seem to make the connection to the
concepts of reservoir management which is the goal of the
course. For these students, the software may actually be
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a detriment. Therefore, it is important that instructors
using such courseware carefully monitor students'
progress to identify those having difficulty and attempt
to find other ways to help them grasp the important
material.
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