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Executive Summary

The Department of Civil and Architectural Engineering is proposing the establishment of a
baccalaureate program in environmental engineering. This program fits in well with the depth of
faculty resources and infrastructure that exist within the College of Engireering.

In 1992, the Department of Civil and Architectural Engineering established an environmental
option within the baccalaureate program in Civil Engineering. This option has been very successful
in attracting about 10 - 15 students per year since 1992. As a result of the demonstrated pop-
ularity of environmental engineering at the University of Miami, and the relatively small cost of
changing from an environmental engineering option to a free-standing environmental engineering
degree, the Department of Civil and Architectural Engineering is proposing the establishment of
a baccalaureate program in environmental engineering. Many of the students currently enrolled
in the environmental engineering option of the Civil Engineering program have expressed a pref-
erence for a baccalaureate degree in environmental engineering and we infer that, by establishing
this program, potential students who are presently choosing not to attend the University of Miami
because they are interested primarily in an environmental engineering degree will now have the
opportunity to study at the University of Miami.

Accreditation is a central issue in any engineering program, since most States require graduation
from an accredited program as a prerequisite for registration (licensure) as a professional engineer.
Reviews of the accreditation criteria that apply to the proposed environmental engineering degree
program, and the curricula of all accredited environmental engineering programs in the United
states are presented in this proposal.

The curriculum for the baccalaureate program in environmental engineering has been designed
on the basis of the accreditation requirements for environmental engineering programs, the curricu-
lar content of existing accredited environmental programs in the United States, a review of related
courses at the University of Miami, and our own vision of the educational content of a modern
environmental engineering program.

Institution of a baccalaureate program in environmental engineering is expected to cost the Uni-
versity a modest $20,000 per year in increased operational costs. This cost is primarily associated
with the need to add a new course in air pollution, a part-time technician in the environmental
engineering laboratory, and the recurring cost of technical supplies generated by increased lab-
oratory usage. We expect that these marginal costs will be more than offset by the increased
revenue generated by increased student enroliment. In fact, the break-even point seems to be an
incremental enrollment of only two students into the program. Given that there are presently only
nine accredited baccalaureate environmental engineering programs in the United States, and the
unfulfiled demand for environmental engineering professionals in society, we have no doubt that
the incremental costs of this program will be more than offset by increased revenues from new
student enrollment.




1 Introduction

1.1 Global Perspective

The American Academy of Environmental Engineers (AAEE) is the lead society for the accredi-
tation of environmental engineering programs in the United States, and they define environmental
engineering as "...the application of engineering principles to the management of the environment
for the protection of human health; for the protection of nature’s beneficial ecosystems and for
environment related enhancement of the quality of human life.”

The modern field of environmental engineering evolved from the field of sanitary engineering,
which was concerned primarily with the design and analysis of water and wastewater systems.
The name-change ocurred during the late 1960's [7]. Today, environmental engineering is one
of the most popular specialties in the civil engineering profession, and it is not uncommon to poll
undergraduate civil engineering students and find over 50% with a primary interest in environmental
engineering. These students often want a degree that is a combination of water-related engineering
and environmental science [8]. |

The rapidly increasing knowledge base required to specialize in environmental engineering is
driving the evolution of environmental engineering as a separate discipline. This evolution is cur-
rently being accomodated by graduate programs, which tend to offer relatively elementary courses
in the environmental field, and have resulted in a master’s degree being the basic degree requirement
to practice environmental engineering. Most master's degree programs in environmental engineer-
ing are within the civil engineering discipline, although there are some within the mechanical and
chemical engineering disciplines [6]. Civil engineers primarily focus on the design of water distribu-
tion and sewer systems, mechanical engineers tend to focus on air pollution, and chemical engineers
tend to focus on the reduction of wastes generated by industrial facilities.

With the emergence of new baccalaureate programs in environmental engineering, some prac-
titioners see this as an opportunity to elevate environmental engineering graduate courses to levels
that are more state-of-the-art than are presently feasible, given the level of preparation of enter-
ing graduate students from traditional disciplines [5]. The sub-disciplines (i.e. professional fields)
within environmental engineering are recognized to be: air quality, water quality, solid waste man-
agement, and industrial hygiene [7]. Within these sub-disciplines are such multi-media specialty
areas as hazardous waste management and wastewater engineering.

Combined with the strong demand in the marketplace for environmental engineers, it has been
suggested [1] that the strongest argument in favor of increased environmental engineering under-
graduate education is that the great majority (approximately 95%) of the B.S. level engineers in
the United States are being educated in fields that do not provide & good foundation for further
development, through education or practice, in the environmental engineering field. This concern
is particularly relevant since the National Council of Examiners for Engineering (NCEE) has re-
cently introduced (1993) a separate Environmental Engineering examination for registration as a
professional engineer, which in effect recognizes environmental engineering as a separate discipline.
Clearly. the baccalaureate degree in environmental engineering will ultimately become the primary
professional degree for becoming licensed as a practicing environmental engineer,

There seems to be little doubt that graduates with baccalaureate degrees in environmental
engineering will have ample job opportunities [1, 5]. In fact, there are indications that unprece-
dented demand for environmental engineers in the 1990s and beyond is causing many universities
to increase the curricular presence of environmental engineering at the baccalaureate level [1].




dicate that an independent free-standing environmental engineering program is viable, and, besides
attracting the current pool of students who are also interested in civil engineering, this program will
additionally attract those students that are interested only in environmental engineering. Infor-
mal polls of students currently in the environmental engineering option show that there is almost
unanimous support for the development of a baccalaureate program in environmental engineer-
ing. The proposed environmental engineering program will also be attractive for transfer students
from engineering programs at junior colleges, with the environmental engineering degree requiring
approximately two years of additional study.

The issue of accreditation for any new engineering program is critical, since engineers cannot
be licensed unless they are graduates from an accredited engineering program. This consideration
must somehow be accomodated within the reality that engineering programs are not permitted
to request accreditation unless they have produced graduates. We realize that it would not be
responsible to admit students to a program that is not accredited, since this would limit their
professional opportunities, therefore we are proposing that in the interim period between the en-
vironmental engineering baccalaureate program being adopted by the University and being put
up for accreditation, we will encourage students to do a dual-degree program in which they will
be granted baccalaureate degrees in both civil engineering and environmental engineering in nine
semesters, compared with the eight semesters that it takes to do these degree programs separately.
Students in this dual-degree track will have a fully accredited civil engineering degree and can
become licensed professionals. After approximately three graduating classes, the environmental
engineering baccalaureate program will be put up for accreditation, and then subsequent classes
will be encouraged to pursue this degree as a separate track.

2 Program Requirements for Accreditation

Engineering programs in the United States are accredited by the Engineering Accreditation Com-
mission (EAC) of the Accreditation Board for Engineering and Technology (ABET), and many
states require graduation from an accredited engineering program as a prerequisite for becoming a
licensed professional engineer.

Environmental Engineering programs are accredited at either the Basic Level (undergraduate)
or Advanced Level (graduate), however, the Engineering Dean’s Council opposes dual accredita-
tion of both undergraduate and graduate programs [5]. Currently, most graduate environmental
engineering programs are not accredited, and accreditation has been mostly sought at the under-
graduate level. The criteria for ABET accreditation fall into two categories: general criteria and
program-specific criteria; and all accredited programs must meet both sets of criteria. These crite-
ria for ABET accreditation of all engineering programs in the United States are published annually
by ABET. The latest requirements may be found in {2, 3].

2.1 General Criteria

The general criteria for accreditation of undergraduate programs fall within the following categories:
(1) Faculty; (2) Curricular Objective; (3) Curricular Content; (4) Student Body; (5) Administra-
tion; (6) Institutional Facilities; and (7) Institutional Commitment. The salient features of these
requirements are described in the following sections.



advanced chemistry or physics may be used to satisfy the basic science requirement, as appropriate
for various engineering disciplines.

Courses in engineering topics include subjects in the engineering sciences and engineering de-
sign. Engineering sciences have their roots in mathematics and basic sciences, but carry knowledge
further towards creative application. Such subjects include: mechanics, thermodynamics, electrical
and electronic circuits, materials science, transport phenomena, and computer science (other than
computer programming skills}. Engineering design is the process of devising a system, component,
or process to meet desired needs. The engineering design component of a curriculum must include
the following features: development of student creativity, use of open-ended problems, develop-
ment and use of modern design theory and methodology, formulation of design problem statements
and specifications, consideration of alternative solutions, feasibility considerations, production pro-
cesses, concurrent engineering design, and detailed system descriptions. It is also essential to include
a variety of realistic constraints, such as economic factors, safety, reliability, aesthetics, ethics, and
social impact.

Courses in the humanities are concerned with man and his culture, while courses in the social
sciences are concerned with individual relationships in and to society. Examples of traditional
subjects in these areas are: philosophy, religions, history, literature, fine arts, sociology, psychology,
political science, anthropology, economics, and languages other than English or a student’s native
language. The humanities and social science courses contained within an engineering program must
provide both breadth and depth, and not limited to the selection of unrelated introductory courses.

Besides meeting the course requirements in mathematics, basic sciences, engineering topics,
social sciences, and humanities, each educational program must include a meaningful, major en-
gineering design experience that builds upon the fundamental concepts covered in these courses.
Furthermore, each program must have an appropriate amount of laboratory experience such that
the students develop a competence to conduct hands-on experimental work such as that expected
of engineers in the discipline represented by the program. All engineering programs must have an
appropriate amount of computer-based experience, evidenced by a knowledge of the application
and use of digital-computation technriques for specific engineering problems.

2.1.4 Student Body
Student body criteria relate to the admission, retention, and scholastic work of students, and the
records of graduates both in further acddemic study and in professional practice.

2.1.5 Administration

Administration criteria relate to the attitude and policy of the administration of the College of
Engineering toward teaching, research, and scholarly production, and the quality of leadership at
all levels of administration of the College.

2.1.6 Institutional Facilities

Institutional facilities criteria state that an engineering program must be supported by adequate
physical facilities, including office and classroom space, laboratories, and shop facilities suitable for
the scope of the program’s activities. Other criteria relate to library and computer facilities.




4 University of Miami BSEnE Curriculum

4.1 Course Requirements

The University of Miami BSEnE program was developed by considering: {a) the curricular content
of existing ABET accredited environmental engineering programs; (b) the courses currently avail-
able and being offered at the University of Miami; and (c) our vision of the responsibilities and -
challenges facing an environmental engineer in the 21°* century.

The curricula of accredited environmental engineering programs in the United States have
been reviewed in the previous section, and the common course contents identified. On reviewing
the environmental courses currently available at the University of Miami, we find that most of
the key environmental engineering courses are currently being offered within the Department of
Civil and Architectural Engineering, primarily as part of the environmental engineering option
in civil engineering. Other courses that are basic to any environmental engineering program are
found principally in the Department of Mechanical Engineering (air pollution and related courses),
Department of Industrial Engineering (industrial hygiene and related courses), and the Departments
of Chemistry and Biology. The consensus of the group that developed the environmental engineering
curriculum is that, except for a single course in air pollution that needs to be developed, there are
sufficient courses already existing and being offered at the University of Miami to constitute an
accreditable and relevant environmental engineering program.

An important issue that was addressed in developing our environmental engineering program
was the issue that a newly created environmental engineering program will not be accredited untit
there are graduates from the program, and that practicing engineers cannot be licensed unless they
are graduates from an accredited engineering program. This will create a problem for the initial
environmental engineering graduates who complete the program prior to accreditation. We have
addressed this issue by proposing, and recommending, a dual degree program in Environmental
Engineering and Civil Engineering in which students complete the requirements for both degrees
in nine semesters, compared with the eight semesters required for each degree. Clearly, students
will have the option of choosing to pursue these degrees individually, accreditation requirements
notwithstanding.

4.2 Admission Requirements

Admission to the environmental engineering program is the same as for all other programs at the
University of Miami. According to the University of Miami Bulletin, the Committee on Admission
bases its decision as to the admission of applicants upon evidence that they have the qualifications
deemed necessary for academic success at the University of Miami. Principal factors in the ad-
mission decisions are: (1) secondary school record; (2) scholastic assessment test (SAT), scholastic
assment test I (SAT I), and american college testing program (ACT); (3) counselor’s evaluation
form; and (4) an essay. Although specific criteria are not given for such measures as high school
grade-point-averages and SAT scores, the College of Engineering has, on average, admitted students
with the highest average SAT scores at the University. Based on our experience with these students
in our existing engineering programs, we would expect that the pool of students attracted to our
environmental engineering engineering program will be similarly qualified and perform adequately.
A similar statement can be made regarding the quality and performance of transfer students, where
it is the policy of the University that only courses passed with a grade of C or better at an accredited




Bachelor of Science in Environmenta! Engineering

Freshman Year

Eall Semester i
CEN 101  intro. to CiviEnv. Engrg. 1 CHM 112  Principles of Chemistry Ii 4
CHM 111  Principles of Chemistry | 4 ARC 191  Architectural Graphics 3
ENG 105 English Composition | 3 ENG 107  Writing About Science 3
MTH 110  Calculus | 5 MTH 112  Calculus li 4
SS/H/A Elective 3 PHY 205 Physics | 3
16 17
Sophomore Year
Fall Semester
CEN 210  Mechanics of Solids | 3 CEN 211 Mechanics of Solids il 3
CEN 350 Transporation Engineering | 3 CEN212  Structural Lab 1
MTH 211 Calculus Il 3 EEN 205 Electrical Engineering | 3
PHY 206  Physics Ii 3 MTH 311 QOrdinary Differential Equations 3
PHY 208 Physics Lab ! 1 PHY 207  Physics Il 3
SS8/H/A Elective 3 PHY 209 Physics Lab i 1
16 IEN 311 Probability and Statistics 3
17
Junior Year
Fall Semester i r
CEN 330  Fiuid Mechanics 3 CEN 301 Computer Applications 3
CEN 340 Intro. to Envirenmental Engrg. 3 CEN 430  Water Resources Engineering 3
CEN 345  Water and Waste Analysis 3 CEN 440 Des. Water Qual. Control Sys. 3
MEN 303 Thermodynamics | 3 Basic Science Elective 3
IEN 351 industrial Satety Engrg. 3 SS/H/A Elsctive 3
15 15
Senior Year
Fall Semester ri r
CEN 481  Design Project | 1 MEN 520  Air Pollution 3
CEN 540 Environmental Chemistry 3 ENE Elective 3
CEN 541  Pub. Hith. & Env. Microbiology 3 ENE Elective 3
CEN 543  Solid and Haz, Waste Engrg. 3 CEN 482 Design Project ll 2
S8/H/A Elective 3 CEN 402  Professionalism and Ethics 3
S8/H/A Elective 3 SS/H/A Elective 3
16 17

Figure 10: Environmental Engineering Curriculum



To support these courses are a laboratory course in Water and Wastewater Analysis (CEN 345), and
a variety of applied science courses such as Environmental Chemistry (CEN 540), Public Health and
Environmental Microbiology (CEN 541). Students in the BSEnE program will have the flexibility
to choose two elective courses in environmental engineerng and one Basic Science elective from the
lists shown in Figure 11. These electives will permit the student to take advanced courses in either
water and wastewater engineering (CEN 530, CEN 531, CEN 532), industrial hygiene (IEN 558,
IEN 559), air quality control (MEN 521), or remote sensing and solar energy utilization (MEN 510,
MEN 530). The list of basic science electives will provide the student an opportunity of more in-
depth study in biology, chemistry, and the earth sciences, depending on the interests of the student.
The proposed BSEnE curriculum will require 129 credits for graduation, which is fairly typical of
other accredited programs in the College of Engineering. The semester-credit requirements for
the proposed BSEnE program are compared with the requirements of other BSEnE programs in
Table 6. Based on these data, it is clear that the credit requirements for the proposed BSEnE

Table 6: Semester-Credit Requirements of BSEnE Programs

[ School [ Semester-Credits |
Cal Poly 140
Northwestern ) 144
Univ. of Florida 130
Michigan Tech 131
Univ. of Central Florida 132
Montana Tech 145
New Mexico Tech 138
Syracuse 131
RPI 134

degree program are commensurate with the requirements of most accredited BSEnE programs in
the United States.

In the initial stages of implementing the environmental engineering program, students will be
encouraged to pursue a dual degree program in civil engineering and environmental engineering.
When the environmental engineering program is accredited, then pursuit of an individual environ-
mental engineering degree will also be encouraged. This approach is dictated by the requirement
that graduation from an accredited degree program is a prerequisite for registration as a professional
engineer. The following additional courses must be taken by students in the Environmental Engi-
neering program to satisfy the requirements of the Civil Engineering program: Structural Analysis
(CEN 310), Concrete Structures (CEN 320}, Steel Structures (CEN 321), Geotechnical Engineer-
ing T & II (CEN 370,CEN 470), Geotechnical Engineering Lab (CEN 371), and Transportation
Engineering IT (CEN 450). These courses amount to 19 credits, and therefore the curricula of both
the Civil Engineering and Environmental Engineering programs can be covered in nine semesters,
compared with the eight semesters required to complete these programs individually.

4.6 Resources Required

All of the courses in the environmental engineering curriculum, with the exception of a course
in air pollution control. are presently being offered on a regular basis. Consequently. the faculty




CAPSULE: Faculty Senate Legislation #95005(B) - Establishment of the B.S. in
Environmental Engineering Degree Program

RESPONSE BY THE PRESIDENT: DATE: ?,/ 7 /5’/
) o AN
aPPROVED:_ (/2o _ 2/’

OFFICE OR INDIVIDUAL TO IMPLEMENT OR PUBLISH:

EFFECTIVE DATE OF LEGISLATION:

NOT APPROVED AND REFERRED TO:

REMARKS (IF NOT APPROVED):
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SYNOPSIS OF ACTIONS
taken by the
Executive Committee
University of Miami Board of Trustees
Tuesday, December 17, 1996

APPROVED Faculty Senate Legislation #95011(A), Amendment to Section A2.4 of
the Faculty Charter, regarding librarian faculty voting rights.

APPROVED the establishment of the following degree programs: B.S. in
Environmental Engineering; M.S. in Medical Informatics; and M.S. in Neuroscience.

AUTHORIZED the senior vice president for Business and Finance or the vice
president and treasurer to take the actions necessary to transfer the assets under
management by TCW/Cursitor Eaton to Templeton and Warburg, Pincus.

DELEGATED to the Investments Committee the power to redistribute assets among
approved investment managers and within policy guidelines.

AUTHORIZED the president, the senior vice president for Business and Finance,
and/or the assistant vice president for Facilities Administration to enter into contracts
and make purchases on behalf of the University in an amount not to exceed $1,900,000
for the design phase of Option II of The Miami Project to Cure Paralysis.

APPROVED the increase in design scope of the Professional Arts Office Building to
approximately 150,000 square feet, along with an increase in parlcing and a total project
cost of $23,000,000, and AUTHORIZED the president, the senior vice president for
Business and Finance, and/or the assistant vice president for Facilities Administration
to enter into contracts and make purchases on behalf of the University in an amount not
to exceed $850,000 for the design phase of the project, contingent upon a timetable
demonstrating that the building can be completed so that Dominion Tower leases need
not be renewed.

APPROVED, with one amendment, the University’s Speaker Policy for Student
Activity Fee Funded Student Organizations as recommended by the Student Affairs
Committee.,

APPROVED the exchange of approximately $9 million of 1996 University Bonds for
tax-exempt Dade County Educational Facilities Authority (DCEFA) bonds.

SYNOPSIS\96-12-17 x¢
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January 19, 1996

Dr. Kamal Yacoub, Chairman

Faculty Senate and Government
325 Ashe Building
Coral Gables Campus 33124-4634

Dear Kamal:

The Environmental Science Steering Committee reviewed the latest proposal
for a BS Degree in Environmental Engineering submitted by the Department of
Civil Engineering. We enthusiastically support the proposal.

Sincerely,

W(M,}w

Michael S. Gaines
Chair

MSG/dw

Department of Biology
P.O. Box 249118
Coral Gables, Florida 33124-0421
LCHL: ac.msg.Letters. Kamal Yacoub.96 TCICPhOHC! 305'284'3973
Fax: 305-284-3039




UNIVERSITY OF

MEMORANDUM

DATE: 28 November, 1995

TO: Dr. Otis B. Brown, Dean
Rosenstiel School of Marine and Atmospheric Science

Dr. Harry A. DeFerrari, Chair
Division of Applied Marine Physics

FROM: Dr. David A. Chin, Chairman Va—-—-ﬁl C'L‘\
Department of Civil & Architectural Engineering

SUBJECT: Proposed Baccalaureate Program in Environmental Engineering

Attached is a copy of the proposal for a new baccalaureate program in environmental
engineering (BSEnE) that is currently being considered by the Faculty Senate.

I have become aware that some faculty at RSMAS have questions regarding this program and
Dr. Michael Brown (AMP/RSMAS) and myself, have agreed to set up a meeting to answer all
questions and resolve any outstanding issues. Dr. Brown will coordinate with RSMAS faculty,
and the meeting is scheduled to take place within the next two weeks. Please forward all of
your concerns to Dr. Brown at your earliest convenience. Thanks.

DAC/oc

Attachment

c: Dr. Brown, Professor, AMP/RSMAS
Dr. Temares, Dean, College of Engineering
Dr. Yacoub, Chair, Faculty Senate

DAC/oc
Attachment

Department of Civil & Architectural Engineering
College of Engincering
PO, Box 248294
Coral Gables, Elorida 33 124-0630
305.284-3391
Fax 305-284-3492



UNIVERSITY OF FACULTY SENATE

MEMORANDUM

DATE: 28 November, 1995

TO: Michael S. Gaines, Chair
Environmental Science Steering Committee

FROM:  Dr. David A. Chin, Chairman VMJ ol
Department of Civil & Architectural Engineering

SUBJECT: Proposed Baccalaureate Program in Environmental Engineering

Attached is a copy of the subject proposal to be considered by the Environmental Science
Steering Committee. Please provide me with any Committee feedback in advance of the next
Faculty Senate Meeting on 22 January, 1996. Thanks.

DAC/oc

Attachment
c Dr. Kamal Yacoub, Faculty Senate /

Department of Civil & Architectural Engineering
College of Engineering
P.O. Box 248294
Coral Gables, Florida 33124-0630
305-284-3391
Fax 305-284-3492



MEMORAND UM

DATE: 9 November, 1995

TO: Dr. Kamal Yacoub
Chair, Faculty Senate

FROM: Dr. David A. Chin, Chairman VWJ C.L—\
Department of Civil & Architectural Engineering

SUBJECT: Proposed New Degree Program in Environmental Engineering

On behalf of the faculty in the Department of Civil and Architectural Engineering I would like
to thank the Ad-hoc Committee for their efforts in reviewing our BSEnE proposal. Such
dedicated service to the University frequently goes unrecognized.

In response to the Committee’s query regarding the lack of a computer programming/science
course in the proposed curriculum, I direct your attention the attached copy of the BSEnE
curriculum. In the Spring semester of the Junior year, CEN 301 (Computer Programming
Applications) is a computer programming/science course. As indicated in the attached syllabus
for CEN 301, Fortran Programming and Numerical Methods constitute approximately 75% of
this course.

If either the Ad-hoc Committee or yourself have any further questions regarding the content of
the BSEnE curriculum, please do not hesitate to contact me. I look forward to this item being
taken up by the Faculty Senate on 27 November. Thanks again for your efforts.

DAC/oc
Attachments
c: Dean M. Lewis Temares, College of Engineering
Prof. Michael Gaines, Department of Biology
Prof. James Nearing, Department of Physics
Prof. Jerome Catz, Department of Mechanical Engineering

Department of Civil & Architectural Engineering
College of Engineering
P.0O. Box 248294
Coral Gables, Florida 33124-0630
305-284-3391
Fax 305-284-3492



Bachelor of Science in Environmental Engineering

Freshman Year

Fall Semester Spring Semester
CEN 101 Intro. to Civil/Env. Engrg. 1 CHM 112  Principles of Chemistry II 4
CHM 111  Principles of Chemistry | 4 ARC 191  Architectural Graphics 3
ENG 105 English Composition | 3 ENG 107  Writing About Science 3
MTH 110 Calculus | 5 MTH 112 Calculus !l 4
SS/H/A Elective 3 PHY 205  Physics | 3
16 17
Sophomore Year
Fall Semester ri mester
CEN 210  Maechanics of Solids | 3 CEN 211 Mechanics of Solids |l 3
CEN 350 Transportation Engineering | 3 CEN 212  Structural Lab 1
MTH 211 Calculus il 3 EEN 205 Electrical Engineering | 3
PHY 206 Physics || 3 MTH 311  Ordinary Differential Equations 3
PHY 208 Physics Lab | 1 PHY 207 Physics lll 3
SS/H/A Elective 3 PHY 208 Physics Lab Il 1
16 IEN 311 Probability and Statistics 3
17
Junior Year
Fall Semester Spring Semester
CEN 330  Fluid Mechanics 3 [[CEN301 Computer Applications 3
CEN 340 Intro. to Environmental Engrg. 3 CEN 430 Water Resources Engineering 3
CEN 345 Water and Waste Analysis 3 CEN 440 Des. Water Qual. Control Sys. 3
MEN 303 Thermodynamics | 3 Basic Science Elective 3
IEN 351 Industrial Safety Engrg. 3 SS/H/A Elective 3
15 15
Senior Year
E mester Spring Semester
CEN 481  Design Project | 1 MEN 520  Air Poilution 3
CEN 540 Environmental Chemistry 3 ENE Elective 3
CEN 541  Pub. Health and Enviro. Micro. 3 ENE Elective 3
CEN 543  Solid and Haz. Waste Engrg. 3 CEN 482 Design Project Il 2
SS/H/A Elective 3 CEN 402  Professionalism and Ethics 3
SS/H/A Elective 3 S8/H/A Elective 3
16 17

Figure 10: Environmental Engineering Curriculum
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COURSE DESCRIPTION

AEN/CEN 301 - Computer Applications in Civil / Architectural Engincering

1994/1995 Catalog Data:

Texitbooks:

Coordinator:

Goals;

Prerequisites by Topics:

Fall 1995

3 credits. Exploration and modeling of Civil/Architectural systems. Topics
will include numerical analysis, constrained and unconstrained optimization,
systems analysis, and sofiware evaluation. Students will solve problems
using existing packages and softwarc developed by them. Prercquisite:
MTH 211, CEN 210.

Koffman, E.B. and Fricdman, F.L, (1993). FORTRAN With Engineering
Applications, 5th Edition, Addison-Wesley Publishing Company, New
York.

The Student Edition of MATLAB, Prenticc Hall, Englewood Cliffs, NJ.

Dr. Ahmad H. Namini, Associaic Professor of Civil and Architectural
Engincering, Room 320, McArthur Engincering Building

During the course, the student will become familiar with the analytical
modeling and solution of engincering problems with the aid of student-
developed Fortran programs and MATLAB.

MTH 211 (Calculus 11I)
CEN 210 (Mechanics of Solids I)

Topics:

1. Tntroduction (1-2 classes)

2. Fortran Programming (13-15 classes)

3. Matrix Algebra (3-4 classes)

4, Numerical Methods (13-15 classcs)

S. Computer Graphics (3-4 classes)

Lab Projects: None -

Computer Usage: Exlensive use of Fortran compiler and MATLAB.,

Grading Policy:
Examination #1 25%
Examination #2 25%

Computer Assignments 50%




UNIVERSITY OF

FACULTY SENATE

MEMORANDUM
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From: Kamal Yacoub MM
Chair, Faculty Senate
Date: November 7, 1995

Subject: Proposed New Degree Program in Environmental Engineering

Attached is the report from the Faculty Senate Ad-hoc Committee reviewing the
proposal submitted by your department for a new degree program in
Environmental Engineering. As you see, the report is favorable and
complimentary. However, it does raise one question concerning the lack of a
computer programming course in the proposed curriculum.

I Jook forward to receiving your response to the Committee’s query. After
receiving your response, I will schedule your proposal on the Faculty Senate
agenda. Please note that the agenda for the November 27 meeting and all
attachments need to be mailed no later than November 20, 1995.
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attachment

ce: Dean Lewis Temares
Prof, Michael Gaines
Prof. James Nearing
Prof. Jerome Catz
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Chair, Faculty Senate

Michael S. Gaines WJ_/%L ‘

Chair, Department of Biology

November 2, 1995
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PROPOSED NEW DEGREE PROGRAM IN ENVIRONMENTAL

ENGINEERING

by the School of Engineering. The committee was impressed with the
thoroughness of the proposal. The proposed curriculum is similar in content to

that of other Environmental Engineering Programs around the country. Our only
query is why there is no computer science in the curriculum.
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cc:  James Nearing, Dept. of Physics
Jerome Catz, Dept. of Mechanical Engineering
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Chair, Department of Biology
DATE: November 2, 1995

SUBJECT: PROPOSED NEW DEGREE PROGRAM IN ENVIRONMENTAL
ENGINEERING

Our committee met on November 2, 1995, to discuss the new program proposed
by the School of Engineering. The committee was impressed with the
thoroughness of the proposal. The proposed curriculum is similar in content to
that of other Environmental Engineering Programs around the country. Our only
query is why there is no computer science in the curriculum.
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Professor James Nearing, Department of Physics
Professor Jerome Catz, Department of Mechanical Engineering

FROM:  Kamal Yacoub M%ﬁ/

Chair, Faculty Senate
DATE: Qctober 12, 1995

SUBJECT: Proposed New Degree Program in Environmental Engineering

This is to ask each of you to serve as an ad hoc committee to review the above proposed
program and to make recommendations to the Faculty Senate. I request that Professor
Gaines chair this committee. It would be helpful if you could forward your report by the
middle of November, if possible.

Thank you in advance for your service,

é-ﬁ- : j)?’- Lea/ss Temares j{Jepm ;5 €O
);'-é . Dr. Dawd A Chin ) f»;m'//} CAE

KY/b

325 Ashe-Admin. Bldg,
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To: Kamal Yacoub, Chairman
Faculty Senate

From: David A. Chin, Chairman VG_J Q\;,.\

Department of Civil and Architectural Engineering

Subject:  BSEnE Proposal

As per your request, six copies of the subject proposal are attached. If you need any
additional materials, please let me know. Thanks.

c: Dean Temares

Department of Civil & Architectural Engineering
College of Engincering
P.O. Box 248294
Coral Gables, Florida 33124-0630
305-284-3391
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Date: September 29, 1995

To: Kamal Yacoub, Chairman
[aculty Senate

From: M. Lewis Temares, Dea W/LM

College of Engineering

Subject: New Baccalaureate Degree Program

Aitached is a proposal for a new baccalaureate degree program in the College of En-
gineering, Bachelor of Science in Environmental Engineering. This proposal was approved
unanimously by the Faculty of the College of Engineering on 27 September, 1995,

I fully endorse this proposal, including the proposed annual budget of §17,000. Please
initiate the process of Faculty Senate consideration of this new degree program. In addition,
because of the importance of this new degree program to the Strategic Plan of the College of
Fngineering, and the necessity of promoting this program in our Spring recruiting activities,
I request early approval of this program. Tt is highly desirable that this program be approved
in time to be published in the AY96 University Bulletin.

The new Environmental Engineering program is to be administered by the Department
of Civil and Architectural Engineering, and Dr. David A. Chin is the department Chair.
Please contact Dr. Chin with any questions on the proposed degree program, and for follow-
up action in response to the Senate requests for any additional materials. Thank you in
advance for your efforts on our behalf.

cc: Dr David A. Chin, Chairman, Department of Civil and Architectural FEngineering
Dr. Samuel S. Lee, Associate Dean
Dr. Thomas D. Waite, Associate Dean for Research and Graduate Studies

College of Engincering
Office of the Dean
P.O. Box 248294
Coral Gables, Florida 33124-0620
Phone: 305-284-6035
Fax: 305-284-3815
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Executive Summary

The Department of Civil and Architectural Engineering is proposing the establishment of a
haccalaurcate program in environmental engineering. ‘IU'lhis program fits in well with the depth of
faculty resources and infrastructure that exists within the College of Bngincering.

[n 1992, the Department of Civil and Architectural Engincering established an environmental
oplion within the baccalaurcate program in Civil Engineering. This option has been very successf{ul
in attracting about 10 - 15 students per year since 1992, As a result of the demonstrated pop-
ularity of environmental engineering at the University of Miani, and the relatively small cost of
changing from an environmental engincering option to a free-standing environmental engineering
degree, the Department of Civil and Architectural Engineering is proposing the establishment of
a baccalaurcate program in environmental engineering. Many of the students currently enrolled
in the environmental engincering option of the Civil Engineering program have expressed a pref-
erence for a baccalaureate degree in environmental engineering and we infer that, by establishing
this program, potential students who are presently choosing not to attend the University of Miami
because they are interested primarily in an environmental engineering degree will now have the
opportunity to study at the University of Miami.

Accreditation is a central issue in any engincering program, since most States require graduation
rom an accredited program as a prerequisite for registration (licensure) as a professional engineer.
Reviews of the accreditation criteria that apply to the proposed environmental engineering degree
program, and the curricula of all accredited environmental engineering programs in the United
states are presented in this proposal.

The curriculum for the baccalaureate program in environmental engineering has been designed
on the basis of the accreditation requirements for environmental engineering programs, the curricu-
lar content of existing accredited environmental programs in the United States, a review of related
courses al the University of Miami, and our own vision of the educational content ol a modern
environmental engineering program.

Institution of a baccataurcate program in environmental engineering is expected cost the Uni-
versity a modest $20,000 per year in increased operational costs. This cost is primarily associated
with the need to add a new course in air pollution, a part-time technician in the environmental
enginecring laboratory, and the recurring cost of technical supplies generated by increased lab-
oratory usage. We expect that tliese marginal costs will be more than offset by the increased
revenue generated by increased student enrollment. In fact, the break-cven point scems to be an
incremental enroliment of only two students into the program. Given thatl there are presently only
nine accredited baccalaureate environmental engineering programs in the United States, and the
unfulfilled demand for environmental engineering professionals in society, we have no doubt that
the incremental costs of this program will be more than oflset by increased revenues from new
student enrollment.
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1 Introduction

1.1 Global Perspective

The American Academy of Environmental Fagineers (AAEE) is the lead socicly lor the aceredi-
talion of environmental engincering programs in the United States, and they define environimental
engineering as “...the application of engincering principles to the management of the environment
for the protection of human health; for the protection of nature’s beneficial ccosystems and lor
environment related enhancement of the quality of human life.”

The modern field of environmental engineering evolved from the field of sanitary engineering,
which was concerned primarily with the design and analysis of water and wastewater systems.
The name-change ocurred during the late 1960’ {7]. Today, environmental engineering is one
of the mosl popular specialties in the civil engineering proflession, and it is nol uncommon to poll
undergraduate civil engineering students and find over 50% with a primary interest in environmental
engineering. These students often wanl a degree that is a combination of water-related engineering
and environmental science [8].

The rapidly increasing knowledge base required to specialize in environmental engineering is
driving the cvolution of environmental engincering as a separate discipline. This evolution is cur-
rently being accomodated by graduate programs, which tend to offer relatively elementary courses
in the environmental ficld, and have resulted in a master’s degree being the basic degroe requirement
to practice environmental engineering. Most master’s degree programs in environmental engineer-
ing are within the civil engincering discipline, although there are some within the mechanical and
chemical engincering disciplines [6]. Civil engineers primarily focus on the design of water distribu-
tion and sewer systems, mechanical engineers tend to focus on air pollution, and chemical engineers
tend to focus on the reduction of wastes generated by industrial facilitics.

With the emergence of new baccalaureate programs in environmental engineering, some prac-
titioners see this as an opportunity to elevate environmental engineering graduate courses to levels
that are more state-of-the-art than are presently feasible, given the level of preparation of enter-
ing graduate students from traditional disciplines [5]. The sub-disciplines (i.c. professional fields)
within environmental engincering are recognized to be: air quality, water quality, solid waste man-
agement, and industrial hygiene [7]. Within these sub-disciplines are such mulii-media specialty
areas as hazardous waste management and wastewaler engineering.

Combined with the strong demand in the marketplace for environmental engineers, it has been
suggested {1] that the strongest argument in favor of increased environmental engineering under-
graduate education is that the great majority (approximately 95%) of the B.S. level engineers in
the United States are being educated in flelds that do not provide a good loundation for {urther
development, through education or practice, in the environmental engineering field. This concern
is particularly relevant since the National Council of Examiners for Engincering (NCIEL) has re-
cently introduced (1993) a separate Environmental Engincering examination for registration as a
professional engincer, which in cffect recognizes environmental engineering as a separate disciptine.
Clearly, Lhe baccalaureate degree in environmental engincering will ultimately become the primary
professional degree for becoming licensed as a practicing environmental engincer.

There scems to be little doubt that graduates with baccalaureate degrees in environmental
engineering will have ample job opportunities [1, 5]. In [act, there are indications Lhat unprece-
dented demand for environmental engineers in the 1990s and beyond is causing many universities
to increase the curricular presence of environmental engineering at the baccalaurcate level [1].
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1.2 Local Perspective

The University of Miami does not currently offer any degrees in environmental engineering, how-
ever theee are two programs in the College of Ingincering thal offer options in environmental
engineering. lnvironmental options are olfered within the bacealaurcate programs in Mechanical
Engineering and Civil Engineering, Within the Mechanical Engincering program, the environmen-
tal option is not a popular high-profile Lrack, say on par with the acrospace oplion in Mechanical
Fugincering and, unlike the acrospace option, students are not enrolled and mentored in the en-
vironmental option [rom the time they are freshmen. The situation is much different in the Civil
Iingincering program, where the environmental option is a popular high-profile option in which
students are enrolled and mentored [rom the time they are [reshmen. The environmental option in
Civil Engincering as a separate track was adopted by the Departinent of Civil and Architectural
Fngineering in 1992, and immediately began enrolling students. A few students that were already
in the general civil engineering program chose to switeh immediately to the the environmental
engineering irack, however, the majority of growth in this option has been [rom new incoming
freshmen. The enrollinent in the environmental engineering option over the last five years, as well
as the enrollment in the general civil engineering program is shown in Table §. This table clearly

Table 1: Iinrollment Trends
Year | Environmental Engrg. [ General Civil Engrg. I

19940 0 103
1991 0 104
1992 3 92
1993 10 81
1994 20 75
1995 est. 30 80

demonstrates the increasing popularity of the existing environmental engineering option in civil
engineering. A superficial look at Table ¥ would support the hypothesis that the pool of students
enrolled in the environmental engineering option are being drawn from the civil engineering pool,
and therefore do not reflect a new pool of students. lowever, given the new-student enroliment per
year in the civil engincering program during the 1990-1994 period. shown in Table 2, and notling

Table 2: New Student Enrollment

l Year | Civil Engrg. (non-environmental) ]
| 1990 26 i
L1991 16 |
1992 57 '
1993 43 |
l 1994 19

that the environmental engineering enrolliment has come almost entirely [rom new lreshmen, then
these data indicate that the envirommental engineering oplion is not growing at Lhe expense of the
civil enginecring program.

The growth of the environmental option demonstrated by the enrollment figures in Fable 1 in-
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dicate that an independent {ree-standing environmental engineering program is viable, and, hesides
altracting the current pool af students who are also interested in civil engincering, this program will
additionally altract those students that are interested only in environmental engineering. Infor-
mal polls of students currently in the environmental engineering oplion show that there is almost
unanimous support for the development ol a baccalaurcate program in environmental engineer-
ing. The proposed environmental engincering program will also be attractive for transfer students
[rom cngineering programs at junior colleges, with the environmental engineering degree requiring
approximately two years ol additional study.

The issue of accreditation for any new engineering program is critical, since engineers cannot
be licensed unless they are graduates from an accredited engineering program. This consideration
must somehow be accomodated within the reality that engineering programs are nol permilted
to request accreditation unless they have produced graduates. We realize that it would not be
responsible to admit students to a program that is not accredited, since this would limil their
professional opportunitics, therefore we are proposing that in the interim period between the en-
vironmental engincering baccalaureate program being adopted by the University and being put
up for accreditation, we will encourage students to do a dual-degree program in which they will
be granted baccalaureate degrees in both civil engineering and environmental engineering in nine
semesters, compared with the eight semesters that it takes to do these degree programs separately.
Students in this dual-degree track will have a fully accredited civil engineering degree and can
become licensed professionals. After approximately three graduating classes, the environmental
engincering baccalaureate program will be put up for accreditation, and then subsequent classes
will be encouraged to pursue this degree as a separate track.

2 Program Requirements for Accreditation

Engincering programs in the United States arc accredited by the Engineering Acereditation Com-
mission (EAC) of the Accreditation Board for Engineering and Technology (ABTT), and many
states require graduation from an accredited engincering program as a prerequisite for becoming a
licensed professional engineer,

Environmental Engineering programs are accredited atl either the Basic Level {undergraduate)
or Advanced Level (graduate), however, the Engineering Dean’s Council opposes dual accredita-
tion of both undergraduate and graduate programs [5]. Currently, most graduate environmental
engineering programs are not accredited, and accreditation has been mostly sought at the under-
graduate level. The criteria lor ABET accreditation fall into two categories: general criteria and
program-specific criteria; and all aceredited programs must meet both sets of criteria. These erite-
ria for ABET accreditation of all engincering programs in the United States are published annually
by ABET. The fatest requirements may be found in |2, 3]

2.1 General Criteria

The general eriteria for acereditation of undergraduate programs fall within Lhe lollowing categories:
(1) Faculty; (2} Curricular Objective; (3) Curricular Content; (4) Student Body; {(5) Administra-
tion; (6) Institutional Facilities; and (7) lostitutional Commitment. The salient fealures of these
requirements are deseribed in the {ollowing sections,




2.1.1 Faculty

ABET requires that an undergraduate engineering program have no fewer than three full-time-
equivalent faculty members. These faculty members must be able to demonstrate professional
compelence by a variely of means, such as a reputable publication record, and registration as a
professional engineer.

2.1.2 Curricular Objective

The curricular objective criteria relate to the extent to which a program develops the ability to
apply pertinent knowledge to the practice of engineering in an effective an prolessional manner.
Specific objectives required by ABET are the development of:

1. The capability to delincale and solve in a practical way the problems of society thal are
suseptible to engincering treatment;

2. A sensitivity to the socially-related technical problems which confront the profession;
3. An understanding of the ethical characteristics of the engineering profession and practice;

4. An understanding of the engineer’s responsibility to protect both occupational and public
health and safety; and

5. The ability to maintain professional competence through life-long learning,.

These objectives are normally met by embedding these objectives within the program curricula, or
by providing specific courses fulfill these objectives.

2.1.3 Curricular Content

The cuarricular content required of all engincering programs is divided into the following three
areas: (1) Mathematics and Basic Science; (2) Engincering Topics; and (3) Humanities and Social
Sciences. I'he minimum requirements in these subject areas, in terms of semester credit hours, are
given in Table 3. Besides fulfilling these numerical guidelines, programs must provide an integrated

Table 3: General ABET Course Requirements for Engineering Programs

| Subject Type 1 Semester Credits Required
Mathematics and Basie Sciences 32 '
Engineering Topics (Science and Design) 18
ITumanities and Social Sciences 16

cxperience aimed at preparing the graduate to funclion as an enginecr,

Courses in mathematics must include differential and integral caleulus, and differential equa-
tions. Additional work is encouraged in one or more of the subjects of probability and statistics,
lincar algebra, numerical analysis, and advanced caleulus. Courses in the basic sciences musl
include general chemistry and calculus-based general physics, with at least a two-semester (or
equivalent) sequence of study in cither area. Additional work in life sciences, earth sciences, and




advances chemistry or physics may be used to satisfy the basic science requirement, as appropriate
lor various engineering disciplines.

Clourses in engineering topics include subjects in the engincering sciences and engineering de-
sign. Fngineering sciences have their roots in mathematics and basic sciences, but carry knowledge
further towards creative application. Such subjects include: mechanics, thermodynamics, clectrical
and clectronic circuits, materials science, transport phenomena, and computer science (other than
computer prograrmming skills). Bnginecring design is the process of devising a system, component,
or process Lo meet desired needs. The engineering design component of a curriculum must include
the following leatures: development of student crealivily, use of open-ended problems, develop-
ment and use of modern design theory and methodology, formulation of design problem statements
and specificalions, consideration of alternative sotutions, feasibilily considerations, production pro-
cesses, concurrent engineering design, and detailed system descriptions. It is also essential to include
a variety of realistic constraints, such as cconomic factors, safely, reliability, aesthetics, ethics, and
soctal impact.

Courses in the humanities are concerned with man and his culture, while courses in the social
sciences are concerned with individual relationships in and to society. Examples of traditional
subjects in these areas are: philosophy, religions, history, literature, fine arts, sociology, psychology,
political science, anthropology, economics, and languages other than linglish or a studeni’s native
language. The humanities and social science courses contained within an engincering program must
provide both breadth and depth, and not limited to the selection of unrelated introductory courses.

Besides meeling the course requirements in mathematics, basic sciences, engincering topics,
social sciences, and humanities, cach educational program must include a meaningful, major en-
gineering design experience that builds upon the fundamental conceptls covered in these courses.
Furthermore, cach program must have an appropriate amount of fabaratory experience such that
the students develop a competence to conduct hands-an experimental work such as that expected
of engineers in the discipline represented by the program. All engincering programs must have an
appropriate amount of computer-based experience, evidenced by a knowledge of the application
and use of digital-computation techniques for specific engineering problems.

2.1.4 Student Body

Student body criteria relate (o the admission, retention, and schoiastic work of students, and the
records of graduates both in further academic study and in professional practice.

2.1.5 Administration

Administration criteria relate to the attitude and policy of the administration of the Coliege of
Engincering toward teaching, research, and scholarly production. and the quality of leadership at
all levels ol administration of the College.

2.1.6 Institutional Facilities

Institutional facilities criteria state that an engineering program must be supported by adequate
physical facilities, including office and classroom space, faboratories, and shop facilities suitable for
the scope of Lthe program’s activities. Other criteria relate to library and computer facilitics,
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2.1.7 Institutional Commitment

[nstitutional commitment criteria relate to the commitment of the institution, both financially and
phiosophically, to the engincering program. This commitment is evidenced by the relationship of
the College of Engincering to the institution as a whole, by the fiscal policy toward and the finan-
cial resources available to the College of Bngincering, and by the suitability of facilities including
laboratories, tibraries, and computer facilities.

2.2 Program Criteria

Program-specific criteria are requirements for specific programs that take precedence over general
program requircmnents. Ior each specific engineering program, there is a lead professional society
that is responsible for developing the program-specific requirements. The American Academy of
Environmental Engineers (AAEL), sponsored by twelve professional societies including ASCE, is
the lead society in ABET accreditation of Environmental Engineering programs. Program-specific
accreditation criteria {or Environmental Engineering programs are in the areas oft (a) faculty
qualifications; and (b) curriculum. These requirements are described in the following sections.

2.2.1 Faculty Qualifications

Program-specific criteria for environmental engineering requires that the majority of the engineer-
ing members of the environmental engineering faculty should be registered (licensed) professional
engineers or should be Engineers-in-Training,

2.2.2 Curriculum

ABET currently requires thatl, as a minimum, at least two arcas of environmental engincering must
be provided in the curriculum from amoung the following four arcas [2]:

e air pollution control engineering

s waler and wastewater engineering

¢ solid and hazardous wastes engincering

e cnvironmental and occupational health engineering

Regarding the engineering design component of the curriculum, a minimum of one-half year of
engineering design is required, and design courses in the environmental engineering program should
emplasize an integrated approach that considers all environmental media in the prevention and
control ol environmental problems. System and facility operation and maintenance should be
stressed in design courses.

Regarding the laboratory experience in the environmental engineering curricutum, ABET re-
quires that cnvironmental engineering laboratories provide a relevant experience in the physical,
chemical, and biological sciences. This experience shoutd also include applications to processes
utilized in environmental engincering,
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3 Accredited BSEnE Programs in the United States

There are presently nine ABET aceredited baccalaureate degrees titled Enviconmental Iingineering
[2], these programs are available at the following universities:

o California Polytechnic State University, San Luis Obispo {(Cal Poly)

¢ Northwestern University (Northwestern)

o University of Florida (UF)

¢ Michigan Technological University (Michigan Tech)

o University of Central Florida (UCT)

e Montana College of Mineral Science and Technology (Montana Tech)
¢ New Mexico Institute of Mining and Technology (New Mexico Tech)
¢ Syracuse University (Syracuse)

¢ Rensselaer Polytechnic Institute (RPI)

It is noteworthy that the programs at the last two Universities were accredited for the first time
between 1992 and 1994,

3.1 California Polytechnic State University (Cal Poly)

At Cal Poly the Environmental Engincering program is administered in the Department of Civil
and Environmental Engineering, and the BSEnE curriculum is shown in IMigure 1. Cal Poly is on
the quarter system, and the environmental engineering program requires 210 quarter credits, which
is roughly cquivalent to 140 semester credits. According to the 1994-97 Catalog, the enroliment in
the BSEnE program in Fall 1993 was 276 students.

3.2 Northwestern University

At Northwestern University the Environmental Engineering program is an interdisciplinary program
that is administered by a faculty coordinator in the Robert R. McCormick School of Engineering and
Applied Science. The BSEnE curriculum at Northwestern is shown in Figure 2. The requirement
for the BSEnE degree consists of 48 courses, and since credits are not assigned to the courses,
the semester-credit equivalent to this curriculum is not clear. However, assuming three credits per
course, this curriculum is probably on the order of 144 semester credits.

3.3 University of Florida

All engincering students al the University of Florida spend their first two years assigned to the
College of Engineering Lower-Division program. During these two years, engineering students take
courses thal are common to all disciplines. After completing the Lower Division program, students
apply to the various engincering degree programs in the College. At the University of Morida
the Environmental Engincering program is administered by the Department of Environmental
Engineering Sciences. The BSEnE curriculum at the University of Florida is shown in Figure 3.
The requirement for the BSEnE degree is 130 semester credits.
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California Polytechnic State University (Cal Poly)

Credits Tolal

Mathematics and Basic Sciences 55
Calculus 16
Differentiat Equalions 4
Statistical Methods for Engineers 3
General Chemistry i2
Survey of Organic Chemistry 4
General Physics 12
Physiology and Biological Adaptation 4

Engineering Topics 102
Applied Descriptive Geometry
Civil Engineering Fundamentals ||
Digital Computer Applications
Engineering Statics
Engineering Dynamics
Strengih of Materials
Thesmodynamics
Heat Transter
Electric Circuit Theory
Electric Circuit Laboratory
Fundamentats of Transportation Engineering
Fluid Mechanics
Intrediuction to Environmentat Engineering
Water Resources Engineering
Hydraulic Systems Engineering
Hydraulics Laboratory
Groundwaler Hydraulics and Hydrology
Water and Wastewater Treatment Design
Waler Quality Measurements
Geotechnical Engineering
Thermodynamics of Processes
Mass Transfer Operations
Advanced System Design
MNoise and Vibration Control
Automalic Process Control
Environmental Air Quality
Air Quality Measurements
Air Pollution Control
Introducticn to Hazardous Waster Management
Solid Waste Management
Senior Project
Technical Electives

LW WR LWWWOWWMNMRMN
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Humanities and Social Sciences 53
Writing: Exposition
Professional Writing
Critical Thinking
Ciilical Reading Eleclives
Principles of Economics
American and Califorrda Govarnment
History of American ideals and Institutions
Public Speaking
Philosophical Classics
General Psychology
Modern World History
Elactives

NMWWWWwWwWwLwoawrh
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Total Program 210

Figure 1 BSEnl Curriculum at Cal Poly, San Luis Obispo




Northwestern University

Mathematics and Basic Sciences
Calculus
Multiple Integration and Vector Calculus
Sequences & Sreies, Linear Algebra
Elementary Differential Equations
General Chemistry
General Inorganic Chemistry
Organic Chemistry
Kinetics & Spectroscopy
General Physical Chemistry
General Physics

Engineering Topics
Mechanics
Thermodynamics
Statistics
Fluid Mechanics |
Electrical Science or Material Science

Systems Engrg. & Analysis or Computer Sci.

Computer Programming
Sanitary Engineering

Chemistry of the Aquatic Environment
Environmental Inpact Evaluation
Environmental Biology

Public Health Engineering
Community Air Pollution
Radiation Health

Engineering Design Course
Engineering Value Analysis
Technical Electives

Unrestricted Electives

Humanities and Social Sciences

Social Sciences/Humanities/Communications

Total Program

Courses Total

N = = ek b L (D
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Figure 2: BSEnlL Curriculum at Northwestern University
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University of Florida

Credits Total
Mathematics and Basic Sciences 34
Analytic Geometry and Calculus 1
Elementary Differential Equations
Engineering Statistics
General Chemistry
Physics with Calculus

oW WM

Engineering Topics 72
Computer Programming for Engineers
Computational Methods in Environmental Engrg.
Computer-Assisted Drafting and Design
Engineering Mechanics- Statics
Engineering Mechanics- Dynamics
Materials 1
Elements of Electrical Engineering
Thermodynamics
Hydrodynamics
Hydraulic Systems Design
Water and Wastewater 1
Water and Wastewater 2
Environmental Biology 1
Environmental Biology 2
Environmental Biology Laboratory
Environmental Chemistry of Carbon Compounds
Introduction to Water Chemistry
Elements of Atmospheric Pollution
Air Pollution Control Design
Solid Waste Management
Hazardous Waste Control
Environmental Resources Management
Undergraduate Seminar
Technical Electives

W WM
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Humanities and Social Sciences 24
Composition
Literature and the Arts
Historical and Philosophical Studies
Social and Behavioral Sciences

(o> IR o)

Total Program 130

Figure 3: BSEnE Curriculum at University of IFlorida
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Table 4: Growth of BSEnE Program at Michigan Tech
| Year | BSEnE Enrollment | BSCE Enroilmenﬂ

1985 : 407
1986 17 350
1987 32 364
1988 54 395
1989 83 408
1990 137 490
1991 ? 440
1992 308 550
1993 ? ?
1994 314 505 (est.)

3.4 Michigan Technological University

Michigan Technological University (Michigan Tech) is a state university located in Houghton, Michi-
gan. At Michigan Tech the Environmental Engineering program is administered by the Department
of Civil and Environmental Fagineering. The program began in 1986 and the growth in enroll-
ment is shown in Table 4. The BSEnE curriculum at Michigan Tech is shown in Figure 4. The
requirement for the BSlinls degree is 196 quarter credits, which is equivalent to approximately 131
semester credits. Enrollment in the BSIEnlS program as of Fall 1993 was 300 students.

3.5 University of Central Florida

At the University of Central Florida (UCF) the Environmental Engineering program is administered
by the Department of Civil and Environmental Engineering. The BSEnll curriculum at UCFE is
shown in Figure 5. The requirement for the BSEnL degree is 132 credits.

3.6 Montana College of Mineral Science and Technology

At the Montana College of Mineral Science and Technology (Montana Tech), the linvironmental
Engincering program is administered in the College by an Associate Dean of Environmental Engi-
neering and Natural Sciences. The BSEnE curriculum at Montana Tech is shown in Figure 6. The
requirement for the BSEnE degree is 145 credits.

3.7 New Mexico Institute of Mining and Technology

At the New Mexico Institute of Mining and Technology {New Mexico Tech), the Environmental
Engineering program is administered by the Department of Mineral and Environmental Ingineer-
ing. The BSEnE curricuium at New Mexico Tech is shown in Figure 7. The requirement for the
BSEnkE defree is 138 credits.

3.8 Syracuse University

At Syracuse University the Environmental Engineering program is administered by a Program
Director in the College of Fugineering. The Program is not assigned to any particular Department.

-
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Michigan Technological University

Credits Total

Mathematics and Basic Sciences 63

Calculus and Analytic Geometry 2

Introduction to Ordinary Differential Equations

Introductory Statistics with Calculus

General Chemistry

General Ghemistry Laboratory

Organic Chemistry: An Overview

General Physics 1

General Biology |

Basic Science and Mathematics Electives

OhOPpPOEWOWE

Engineering Topics 80
Civil Engineering 1l
Engineering Graphics Using CAD
Elements of Electric Circuits
Statics
Dynamics |
Mechanics of Materials |
Surveying |
Introductory Thermodynamics
Introduction to Environmental Engineering
Hydromechanics
Water and Wastewater Treatment
Hydrology | or Hydrogeology
Environmental and Water Chemistry
Environmental Impact and Protection
water Distribution and Wastewater Collection
Environmental Microbiology
Solid Waste Management
Industrial Health
Emissions and Air Pollution
Engineering Science and Design Electives

PO ADDBRPDW
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Humanities and Social Sciences 42
Communications 12
Humanities Electives 9
Social Sciences Electives 12
Upper-Division Thematic Studies 9

Other 11
Physical Education Electives 4
General Electives 7

Total Program 196

Figure 4: BSEnE Curriculum at Michigan Technological University
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University of Central Florida

Credits Total

Mathematics and Basic Sciences 35

Calculus 1

Differential Equations

Probability and Statistics for Engineers

Physics for Engineers and Scientists & Lab

Chemistry Fundamentals & Lab

Earth Science Elective

W~ ~w WM

Engineering Topics ‘ 70
Statics
Dynamics
Mechanics of Materials
Principles of Electrical Engineering
Thermodynamics
Materials
Engineering Economics
Engineering Administration
Engineering and the Environment
Fluid Mechanics
Hydrology
Hydraulics
Chemical Processes
Biological Processes
Process Design
Air Pollution
Solid and Hazardous Waste
Technical Elective
Design Elective

W www
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Humanities and Social Sciences 27
English Composition
Social Science
Economics
Humanities/History
QOra! Communication
Humanities Elective
American Government

WWWwo wLom

Total Program 132

Figure 5: BSEnl Curriculum at University of Central Florida
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Montana College of Mineral Science & Technology (Montana Tech)

Credits Total

Mathematics and Basic Sciences 54

Analytical Geometry and Calculus 1

Elementary Differential Equations

Introduction to Statistical Methods

General Physics & Lab 1

General Chemistry & Lab

Survey of Organic Chemistry

Survey of Physical Chemistry

Biology Electives

Physical Geology

Ecology

WWoWWO—Wwo

Engineering Topics 68
Engineering Mechanics- Statics
Engineering Mechanics- Dynamics
Thermodynamics
Introduction to Scientific Programming
Introduction to Environmental Engineering
Environmental Engineering Seminar |
Fluid Mechanics
Fluid Mechanics Lab
Surface Water Engineering
Hydrageology
Water and Wastewater Treatment
Water Sampling and Analysis
Air Diffusion Modeling
Air Sampling and Analysis
Air Pollution Control Engineering |
Air Pollution Control Engineering il
Industrial Ventilation
Hazardous Waste Engineering
Land Reclamation
Engineering Economy and Financial Mgmt.
Environmental Laws and Regulations
Environmental Design
Engineering or Technical Elective
Engineering Elective

wwhmmmmmwmmmmwmm—am—xmwmmm

Humanities and Social Sciences 23
English Composition
Scientific and Technical Writing
Humanities Electives
Social Science Electives
Macroeconomics

2O O WS

Total Program 145

Figure 6: BSEnT Curriculum at Montana Tech




New Mexico Institute of Mining and Technology (New Mexico Tech)

Credits Total

Mathematics and Basic Sciences 54

Calculus 1

Applied Analysis

Statistics

General Physics & Lab 1

General Chemistry & Lab

Chemistry- Quantitative Analysis

Organic Chemistry

Physical Chemistry

General Biology & Lab

Cell Biology

Microbiology

WWhWWNHOOWWN

Engineering Topics 57
Engineering Science
Statics
Thermodynamics
Materials
Electrical Engineering
Soil Mechanics
Introduction to Environmental Engineering
Transpott Processes
Fluid Machanics
Water Treatment Process Design
‘Wastewater Treatment Process Design
Water and Wastewater Laboratory
Groundwater Hydrology
Instrumentation and Process Control
Finite Element Analysis and Design
Air Pollution Engineering |
Air Pollution Engineering |l
Air Pollution Sampling
Solid and Hazardous Waste Engineering
Environmental Law and Regulations
Engineering Economics
Senior Thesis

WWNW@=ITORN WD W-TNRNWWWRNWWWWwo

Humanities and Social Sciences 27
English
Social Science
Social Science/Humanities
Humanities/Arts
Technical Writing

womwoom

Total Program 138

o

Figure 7: BSEnE Curriculum at New Mexico Tech




The BSEnF curriculum at Syracuse University is shown in Figure 8. The requirement for the
BSEnE degree s 131 credits,

3.9 Rensselaer Polytechnic Institute

At Renssclaer Polytechnic Institute (RPI) the Environmental Engineering program is administered
by the Department of Civil and Environmental Engincering, The BSEnE curriculum al RPT is
shown in Figure 9. The requirement for the BSEnE degree is 134 credits.

4 University of Miami BSEnE Curriculum

4.1 Course Requirements

The University of Miami BSEnE program was developed by considering: {a) the curricular content
of existing ABET accredited environmental engineering programs; (b) the courses currently avail-
able and being offered at the University of Miami; and (¢) our vision of the responsibilities and
challenges facing an environmental engineer in the 21% century.

The curricula of accredited environmental engineering programs in the United States have
been reviewed in the previous section, and the common course contents identified. On reviewing
the environmental courses currently available al the University of Miami, we find that most of
the key environmental engineering courses are currently being offered within the Department of
Civil and Architectural Engincering, primarily as part of the environmental engineering option
in civil engineering. Other courses that are basic Lo any environmental engineering program are
Jound principally in the Department of Mechanical Engineering (air pollution and related courses),
Depariment of Industrial Engineering (industrial hygiene and related courses), and the Departments
of Clemistry and Biology. The consensus of the group that developed the environmental engineering
curricalum is that, except for a single course in air pollution that needs to be developed, there arc
suflicient courses already existing and being offered at the University of Miami to constitute an
accreditable and relevant environmental engineering program.

An importlant issue thal was addressed in developing our environmental engincering program
was the issue that a newly created environmental enginecring program will not be accredited until
there arc graduates from the program, and that practicing engineers cannot be licensed unless they
are graduates from an accredited engincering program. This will create a problem for the initial
environmental engineering graduates who complete the program prior to accreditation. We have
addressed this isswe by proposing, and recommending, a dual degree program in Fnvironmental
Engineering and Civil Engineering in which students complete the requirements for both degrees
in nine semesters, compared with the cight semesters required for cach degree. Clearly, students
will have the option of choosing to pursue these degrees individually, accreditation requirements
notwithstanding.

4.2  Admission Requirements

Admission to the environmental engincering program is the same as for all other prograns at the
University of Miami. According to the University of Miami Bulletin, the Committee on Admission
bases its decision as to the admission of applicants upon evidence that they have the qualifications
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Syracuse University

Credits Total
Mathematics and BRasic Sciences 31
Calculus 1
Ditferential Equations and Matrix Algebra
General Physics & Lab
General Chemistry & Lab

o0, who

Engineering Topics 73
Introduction to Engrg. and Computer Science
Environmental Engineering !
Civil/Environmental Engineering Measurements
Electrical Science | & Lab
Thermodynamics
Engineering Materials
Statics
Dynamics
Mechanics of Materials
Soil Mechanics and Foundations |
Environmental Engineering |
Environmental Chemistry and Analysis
Applied Environmental Microbiology
Principles of Fluid Mechanics
Applied Fluid Mechanics
Water Resources
Air Resources
Solid Wastes: Collection and Disposal
Design Elective
Civil and Environmental Engineeting Design
Economic Analysis of Large-Scale Projects
Independent Study or Technical Elective
Technical Elective

WWWPLWWWLWWLWPEWWWWWWOoL W oo

Humanities and Social Sciences 27
Writing Studio 9
Introductory Macroeconomics 3
Social Science/Humanities Elective 15

Total Program 131

Figure 8: BSEnl Curriculum at Syracuse University
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Rensselaer Polytechnic Institute (RPI)

Credits Total
Mathematics and Basic Sciences 48

Mathematics | & I 8
Introduction to Differential Equations 4
Modeling and Analysis of Uncertainty 3
Physics | & Il & [l 12
Chemistry of Materials | & Il 8
Introduction to Organic Chemistry | & || 6
Physical Chemistry | 3
Microbiology 4
Engineering Topics 57
Engineering Graphics and CAD 1
[ntroduction to Engineering Analysis 4
Engineering Processes 1
Materiat and Energy Balances 3
Engineering Thermodynamics 3
Computer Science | 3
Dynamic Systems 3
Lab. [ntro. to Embedded Control 3
Environmental Engineering Fundamentals 3
Environmental Systems Engineering 3
Fluid Mechanics | 3
Introduction to Applied Hydrology 3
Environmental Engineering Lab. | 2
Environmental Process Design | & I 4
Chemical Process Control 3
Unit Operations 3
Air Pollution 3
Solid and Hazardous Waste Engineering 3
Technical Elective 6
Humanities and Social Sciences 21
Humanities/Social Science Elective 21
Other 8
Free Elective 6
Physical Education or ROTC 2
Total Program 134
Figure 9: BSEnE Curriculum at RP1
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deemed necessary for academic success al the University of Miami. Principal factors in the ad-
mission decisions are: (1) secondary school record; (2) scholastic assessment tost (SAT, scholastic
assment test [ (SAT 1), and american college testing program (ACT); {3) counselor’s evaluation
form; and (4) an essay. Although specific criteria are not given for such measures as high school
grade-point-averages and SAT scores, the College of Engineering has, on average, admitted stu-
dents with the highest average SAT scores at the University. Based on our experience with thoese
students in our existing enginecring programs, we would expect that the pool of students attracted
to our environmental engincering engineering program will be similarly qualified and perform ad-
equately. A similar statement can be made regarding the quality and performance of transfer
students, where it is the policy of the University that only courses passed with a grade of C~ or
better at an accredited college can be transferred and count towards a degree at the University of
Miamni.

4.3 Administration of the Program

‘The Environmental Engincering program is to be administered within the Department of Civil and
Architectural Engineering. Concurrent with the implementation of the environmental engineering
program, it would be appropriate to rename the department as the Department of Civil, Architec-
tural, and Environmental Engineering. However, this is a separate action that is not part of this
proposal.

4.4 TFaculty Resources

‘There are several faculty within the College of Engineering who specialize in arcas that are within
the domain of cnvironmental engineering. Iixisting faculty within the College of Engineering that
teach environmental engineering courses and are trained in the breadth of environmental special-
ties are primarily found in the Department of Civil and Architectural Engincering, while faculty
with important specializations in environmental and occupational health engineering and air pol-
lution control engineering are found in the departments of Industrial and Mechanical Engineering
respectively. These faculty are listed in Table 5. It is clear from this listing of faculty that all

Table 5: Environmental Engineering Faculty in the College of Iingineering

L Faculty I Rank [ Specialization(s) 7
Shihab Asfour Professor environmental and occupational health
David A. Chin Professor water and wastewater
James D. Englehardt | Asst. Professor | water and wastewater, solid and hazardous wastes
ITelena Solo-Gabriele | Asst. Professor water and wastewater
Thomas D. Waite Professor water and wastewater, solid and hazardous wastes
Kau-Fui V. Wong Assoc. Professor air pollution control

specializations related to environmental engincering arc coverced by af least one full-time faculty in
the College of Engineering. This is important for ownership of courses, a factor thal is critically
important in devecloping a new prograin. In addition to these faculty, there will obviously be several
other faculty that teach courses in mathematics, basic science, and the engincering science portions
of the environmental engineering curriculum.
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4.5 Curriculum

The curriculum for the Bachelor of Science degree in Environmental Engineering is shown in Figure
0. As with most enginecering programs, the first two years are taken up with with mathematics and
basic sciences, along with core engineering science subjects such as mechanics and electrie circuits.
The junior and senior years of the program are made up mostly of engineering design courses
related Lo the practice of environmental engineering. The proposed program has at leasl one course
in cach of the major specialty areas of environmental engineering, and an emphasis on the water
environment. ‘'he major specially courses are: Design of Water Quality Control Systems (CEN
410), Water Resources Engineering (CEN 430), Solid and lazardous Waste Enginecering (CEN
543), Industrial Salety Engincering (IIEN 351), and Air Pollution (MEN 520, to be developed). o
support these courses are a laboratory course in Water and Wastewater Analysis (CEN 345). and a
variety of applied science courses such as Environmental Chemistry (CEN 540), Public Heatth and
Environmental Microbiology (CEN 541). Students in the BSEnT program will have the flexibility
to choose two eleclive courses in environmental engincerng and one Basic Science clective from the
lists shown in Figure 11. These electives will permit the student to take advanced courses in cither
water and wastewater engineering (CEN 530, CEN 531, CEN 532), industrial hygiene (IEN 558,
[IEN 559), air quality control (MEN 521), or remote sensing and solar energy utilization (MEN 510,
MIN 530). The list of basic science electives will provide the student an opportunity of more in-
depth study in biology, chemistry, and the carth sciences, depending on the interests of the student.
The proposed BSEaE curriculum will require 129 credits for graduation, which is fairly typical of
other aceredited programs in the College of Engineering. The semester-credit requirements for
the proposed BSEnE program are compared with the requirements of other BSEnE programs in
Table 6. Based on these data, it is clear that the credit requirements for the proposed BSEnE

Table 6: Semester-Credit Requirements of BSEnI Programs
]

| School ' Semester—CreditsJ
Cal Poly 140
Northwestern 144
Univ. of Florida 130
Michigan Tech 131
Univ. of Central Florida 132
Montana Tech 145
New Meoxico Tech 138
Syracuse 131
RPI 134 L

degree program are commensurate with the requirements of most accredited BSEnls programs in
the United States.

In the initial stages of implementing the environmental engincering program, students will be
encouraged to pursue a dual degree program in civil engineering and cnvironmental engineering.
When the environmental engincering program is accredited. then pursuil of an individual environ-
mental engineering degree will also be encouraged. This approach is dictaled by the requirement
that graduation from an accredited degree program is a prerequisite for registration as a professional
engineer. The dual-degree curriculum for students pursuing both the Civil Engincering and Envi-
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Bachelor of Science in Environmental Engineering

Freshman Year

Fall Semester

Spring Semester

=~ = LW W =W

CEN 101 Intro. to CivilEnv. Engrg. 1 CHM 112 Principles of Chemistry |l 4
CHM 111 Principles of Chemistry | 4 ARC 191  Architectural Graphics 3
ENG 105 English Composition | 3 ENG 107  Writing About Science 3
MTH 110  Calculus | 5 MTH 112  Calculus !l 4
SS/H/A Elective 3 PHY 205  Physics | 3
16 17
Sophomore Year
Fall Semester Spring Semester
CEN 210  Mechanics of Solids | 3 CEN 211 Mechanics of Solids Il
CEN 350  Transportation Engineering | 3 CEN 212  Structural Lab
MTH 211 Calculus Il 3 EEN 205  Electrical Engineering |
PHY 206  Physics Il 3 MTH 311  Ordinary Differential Equations
PHY 208  Physics Lab | 1 PHY 207  Physics I}
S5/H/A Elective 3 PHY 209  Physics Lab Il
16 IEN 311 Probability and Statistics
1
Junior Year
fall Semester Spring Semester
CEN 330  Fluid Mechanics 3 CEN 301  Computer Applications 3
CEN 340 Intro. to Environmental Engrg. 3 CEN 430 Water Resources Engineering 3
CEN 345  Water and Waste Analysis 3 CEN 440  Des. Water Qual. Control Sys, 3
MEN 303  Thermodynamics | 3 Basic Science Elective 3
IEN 351 Industrial Safety Engrg. 3 SS/H/A Elective 3
15 15
Senior Year
Fall Semester Spring Semester
CEN 481 Design Project | 1 MEN 520  Air Pollution 3
CEN 540  Environmental Chemistry 3 ENE Elective 3
CEN 541 Pub. Health and Enviro. Micra. 3 ENE Elactive 3
CEN 543  Solid and Haz, Waste Engrg. 3 CEN 482  Design Project I 2
SS/H/A Elective 3 CEN 402  Professionalism and Ethics 3
SS/H/A Elective 3 SS/H/A Elective 3
16 17

Figure 10: Environmental Fnginecring Curriculum
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Bachelor of Science in Environmental Engineering

ENE Electives

CEN 530
CEN 531
CEN 532
IEN 558

IEN 559

MEN 510
MEN 521
MEN 530

Water and Wastewater Engrg.
Engineering Hydrology
Groundwater Engineering
Industrial Hygiene |

Industrial Hygiene il

Solar Energy Utilization
Exhaust Emission Control
Remote Sensing

GWWwWwwwww

Basic Science Electives

CHM 201
CHM 216
CHM 360
BIL 103

BIL 110

MSC 102
MSC 111
MSC 215
MSC 230
GSC 120

Organic Chemistry |

Chem. Equilibrium & Analysis
Physical Chemistry |
Elementary Ecology

General Biology ’

Intro. to Atmospheric Science
Intro. to Marine Science
Chemical Cceanography
Introduction to Marine Biology
Environmental Geology

Figure 11: Environmental Engineering Electives
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ronmental Fngineering degree programs is shown in Figure 12. The following additional courses
must be taken by students in the Environmental Iingineering program to satisfy the requirements
ol the Civil Engineering program: Structural Analysis (CEN 310), Concrete Structnres (CIEN 320),
Steel Structures (CEN 321), Geotechnieal Engineering 1 & H (CEN 370.CEN 170), Geotechnical
Engineering Lab (CEN 371), and Transportation Engincering 11 (CEN 450). These courses amonnl
to 19 credits, and therefore the curricula of both the Civil Engineering and Environmental Engi-
neering programs can be covered in nine semesters, compared with the eight semnesters required to
complete these programs individually,

4.6  Resources Required

All of the courses in the environmental enginecring curriculum, with the exception of a coursc
in air pollution control, are presently being offered on a regutar basis. Consequently, the faculty
resources necessary to offer only the air pollution course must be provided. This course will be
offered annually, and a cost of §4000 per year will be required to cover a pari-time facully to either
teach the course, or relieve a full-time faculty member to teach the course.

Additional teaching assistants will not be necessary at this time, since the additional course
required is a lecture course at the 500 level, and is not initially expected to have a level of enrollment
to justily a Leaching assistant. Additional support personnel will not be required at this time.
Laboratory facilities are adequate at this time, however as the program moves into full operation it
s expected that the operational costs of these laboratories will increase to reflect the increased usage
that will result [rom the formal implementation of this program. We anticipate that approximately
$8000 per year will be necessary to support a part-time laboratory technician, and around $5000
per year will be required for expendable supplies.

Library support facilitics are adequate at this time, because of the significant presence that the
University already has in the Environmental Engineering and Environmental Science areas.

In summary, implementation of the proposed baccalaureate degree in environmental engineering
will require an initial investment of around $17,000 per year in budgetary support. We view
this level of support as minimal compared with the significant monetary benefits that will acerue
from implementation of this program. For example, at this level of investment, the program will
break cven with an enrollment of only two students, who would not otherwise have attended the
University. Clearly, this program can reasonably be expected to attract significantly more students
than the break-even number.

4.7 Implementation

The proposed baccalaurcate program in environmental enginecering is expected to substantially
replace the existing and highly-successful environmental option in Civil Engincering. This is not
o say that there is an intention to replace the environmental option in civil engineering, bul
that there witl probably be overwhelming sentiment on the part of the current students in the
environmental engineering option to swilch over Lo the new dual-degree program in civil and en-
vironmental engineering, and then new students will enter this track dircctly. After at least three
classes have graduated with the baccalaureatoe degree in environmental engincering, this Program
will be presented for acereditation. When the program becomes aceredited, then the environmental
engineering baccalaureate degree will he free-standing. and incoming stndents, as well as students
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Bachelor of Science in Environmental Engineering

&

Bachelor of Science in Civil Engineering

Fall Semester

CEN 101  Intro. to Civi¥Env. Engrg.
CHM 111 Principles of Chemistry |
ENG 105  English Composition |
MTH #10  Calculus |

SS/H/A Elective

Fall Semester

CEN 210  Mechanics of Solids |

CEN 350  Transportation Engineering |
MTH 211 Caleulus I

PHY 206  Physics Il

PHY 208  Physics Lab [

SS/H/A Elective

Fall Semester

CEN 330 Fluid Mechanics

CEN 340  Intro. to Environmental Engrg.
CEN 345 Water and Waste Analysis
MEN 303  Thermodynamics |

IEN 351 Industrial Safety Engrg.
CEN 310  Structural Analysis

Fall Semester

CEN 481  Design Project |

CEN 540  Environmental Chemistry
CEN 321  Steel Structures

CEN 370  Geotechnical Engineering |
CEN 371  Geotechnical Lab

SS/H/A Elective
SS/H/A Elective

MEN 520  Air Pollution

ENE Elective

ENE Elective

CEN 402  Professionalism and Ethics
SS/H/A Elective

Freshman Year

DWW h =

1

)

CHM 112 Principles of Chemistry ||
ARC 191  Architectural Graphics
ENG 107 Wiiting About Science
MTH 112  Calculus [l

PHY 205  Physics |

Sophomore Year

S
3 CEN 211 Mechanics of Solids 1l
3 CEN212  Structural Lab
3 EEN 205  Electrical Engineering |
3 MTH 311 Ordinary Differential Equations
1 PHY 207  Physics Il
3 PHY 209  Physics Lab (I
16 {EN 311 Probability and Stalistics
Junior Year
S
3 CEN 301  Computer Applications
3 CEN 430  Water Resources Engineering
3 CEN 440 Des. Water Qual. Control Sys.
3 CEN 320  Concrete Structures
3 Basic Science Elective
3
18
Senior Year
Spring Semester
1 CEN 482  Design Project |l
3 CEN 543  Solid and Haz, Wasle Engrg.
3 CEN 541 Pub. Health and Enviro. Micro.
3 CEN 470  Geotechnical Engineering I
1 CEN 450  Transportation Engineering
3 S5/H/A Elective
3
17
Fifth Year
3
3
3
3
3
15

Figure 12: Dual Degree Program

28

W W WA

N = W =W

—y

Wwo ww

15

WWwwwM

17




in the degree program at that time, will no longer be strongly encouraged Lo pursue a dual-degree
option, and will have greater freedom to concentrate solely on environmental engineering,

[n terns of a time table, we expect that the University will approve the environmental engi-
nweering baccalaureate program in AY95/96 the implementation will begin in AY96/97. During
AY96/97 we expect that the approximately 30 students Lhat are currently in the environmental en-
gineering option will immediately switch to the environmental engincering degree program, thereby
immediately providing students from the Freshman to Senior level in the new environmental engi-
neering program. The first graduates from this program should then emerge during AY97/98, and
the program would then request accreditation within AY99/00. Just in time for the 21% century.

5 Conclusion

This proposal has presented our case for the institution of a baccalaureate prograin in Environ-
mental Iingineering, to be administered by the Department of Civil and Architectural Engineering,.
The rationale for this program is that there currently exists significant faculty resources and infras-
tructure for this program in the College of Engineering, and the incremental costs associated with
operating this program are far outweighed by the expected bencfits. The market for this prograin
has been demonstrated by the success of the environmental option in Civil Enginecring, and the
significant interest of student applicants in the profession of environmental engineering.

The job market for environmental enginecrs is significant and growing, and the emergence of en-
vironmental engineering as a professional discipline has recently been formalized by the institution
of a scparate professional registration (license) for environmental engineers. Environmental engi-
neering is a profession that is here o stay, and there is a need in society for well trained cngineers
in this field. This proposal presents a program that will meet that need.
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6 Curricula Vitae of Key Environmental Engineering Faculty

The key environmental engineering faculty who have participated in the development of the pro-
posed environmental engineering program, and will be responsible for continued program develop-
ment are as follows:

¢ Dr. David A. Chin, Civil Engineering (Committee Chair}
¢ Dr. Thomas D. Waite, Civil Engineering

¢ Dr. James D. Inglehardt, Civil Engineering

¢ Dr. Helena Solo-Gabriele, Civil Engineering

e Dr. Shihab Asfour, Industrial Engineering

e Dr. Kau-Fui V. Wong, Mechanical Engineering

The curricula vitae of the aforementioned faculty are included in this appendix.
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University of Miami
Coral Gables, FT, 33124-0630
Phone: (305)284-3391
I5-Mail: dchin@ganges.eng.miami.edu

HIGHER EDUCATION
Instilutional:

Georgia Tnstitute of Technology, Ph.D.(Civil IEngineering), 1982
California Institute of Technology, M.S.(Civil Engineering), 1978
University of the West Indies, B.Sc¢.(Civil Engineering), 1977

Certification, Licensure:

State of Florida P.E. No. 36055
EXPERIENCE

Academic:

University of Miami, Professor, Department of Civil and Architectural Engineering, 1994-Present
University of Miami, Chairman, Department of Civil and Architectural Engincering, 1993-Present

Non-Academic:

United States Geological Survey (Miami, FL), Project Chief, 1988-1989
Harza Engineering Company (Chicago, 11.), Hydropower Engineer, 1978-1979

PUBLICATIONS (Last 10 years)
Books and Monographs:
1. Chin, D.A. (1990). “A Method to Estimate Leakage to the Biscayne Aquifer, Dade County,

Ilorida.” U.S. Department of the Interior, United States Geological Survey, Water-Resources
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Juried or Refereed Journal Articles:
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ogy, Llsevier Science Publishers, Amsterdam, Vol.168, pp-1-15.
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4. Chin, D.A. (1994). “Estimation of Dispersion Coeflicients from Particle Tracks,” Journal of

Environmental Engineering, Vol. 120, No.1, ASCI, New York, pp.256-263.
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13.

14.

17.
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£ A2 { )
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467-488,
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of Irrigation and Drainage Engineering, Vol. 116, No. 4, Paper No. 24959, ASCIE, New York,
pp. 537-556.

Chin, D.A. (1989). “A Diagnostic Model of Dispersion in Porous Media,” Journal of Hydraulic
ingincering, Vol. 115, No. 2, Paper No. 23161, ASCE, New York. pp. 210-227.

. Chin, D.A.(1989). Discussion of “Shoreline Impact from Ocean Waste Discharges,” by R.C.Y,

Koh, Journal of Hydraulic Engineering, Vol 115, No. 8, ASCL, New York, pp. 1162-1163.

Chin, D.A. (1988). “Spatial Correlation of Hydrologic Time Serics,” Journal of Water Re-
sources Planning and Management, Vol. 114, No. 5, Paper No. 28782, ASCI, New York,
pp. 578-593.

Chin, D.A. (1988). “Model of Buoyant Jet-Surface Wave Interaction,” Journal of Waterway
Port Coastal and Ocean Engincering, Vol. 114, No. 3, Paper No. 22452, ASCE, New York,
pp. 331-345.

Chin, D.A. (1987). “Macrodispersion in Stratified Porous Media,” Journal of Hydraulic
Engineering, Vol, 113, No. 10, Paper No. 21916, ASCE, New York. pp. 1343-1358.
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Ingineering, Vol. 113, No. 8, Paper No. 21710, ASCE, New York. pp. 1005-1017.
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Hydraulic Engincering, Vol. 112, No. 7, Paper No. 20742, ASCE. New York, pp. 391-609,

. Chin, DAL (1985). “Outfall Dilution: The Role of a Far Field Model,” Journal of Environ-

mental Eugineering, Vol. 111, No. 4, Paper No. 19914, ASCE, New York, pp. 4173-486.
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of Waterway Port Coastal and Ocean Engineering, Vol. 111, No.6. Paper No. 20175, ASCE,
New York, pp. 954-972.
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of Hydraulic Engincering, Vol. 111, No. 1, Paper No. 19411, ASCE, New York, pp. 12-28.

PROFESSIONAL ORGANIZATIONS

1.
2.
3.

Member, American Society of Civil Engineers
Member, American Geophysical Union

Member, Water Environment Federalion
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Department of Civil and Architectural Engincering
University of Miami
Coral Gables, F'T, 33124-0630
Phone: (305)284-3391
E-Mail: twaite@eng.miami.edu

HIGHER EDUCATION
Institulional:
Harvard University, Ph.D {Civil Engineering), 1972
Harvard University, S.M. (Civil Engineering), 1971
Northeastern University, M.S.C.I. (Civil Engineering), 1969
Northeastern University, B.S.C.E. (Civil Engineering), 1967
Certification, Licensure:
State of Florida P.E. No. 35651
EXPERIENCE
Academic:
University of Miami, Professor, Department of Civil and Architectural Engincering, 1982-Present
University of Miami, Associate Dean, Research and Graduate Studies, 1994-Present
Non-Academic:
High Voltage Environmental Applications, Inc. (Miami, FL), President, 1990-Present
David Taylor Naval Ship R & D Center, Rescarch Engineer, 1985-1986
PUBLICATIONS (Last 10 years)

Books and Monographs:
1. Waite, T.D. (1986). "Disinfection of Wastewater Effluents and Sludge: State-of-the-Art and
D

Research Needs.” Fditor. Proceedings of a National Science Foundation Worlshop, Miami
Ilorida.

3

Juried or Refereed Journal Articles:

L. Kuruez, C.N., T.D. Waite, W.J. Cooper, and M.G. Nickelsen (1995). “Empirical Models for
Estimating the Destruction of Toxic Organic Compounds Utilizing Electron Beam Irradiation
at Full Scale,” Radiation Physics and Chemistry, in press.

2. Kuruez, C.N., T.D. Waite, and W.J. Cooper (1995). “The Miami Electron Beam Research
facility: A Large Scale Wastewater Treatment Application,” Radiation physics and Chemistry,
in press,

3. Cooper, W.I., M. Nickelsen, D. Meacham, K. Lin, T.D. Waite, and C.N. Kurucz (1995).
“Blfect of Solids on the removal of Toxic Organic Compounds in Aqueous Solution Using
High Energy Electron Beam Irradiation,” Chemistry for the Protection of the Environment,
Elsevier Press, in press,
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11,

12.

13.

. Wang, T., T.D. Waite, C.N. Kurucz, and W.J. Cooper (1994). “Oxidant Reduction and

Biodegradability Tmprovement of paper Mill Effluent by Irradiation,” Water rescarch, Vol.28,
No.1, pp.237-241,

- Nickelsen, M.G., W.J. Cooper, K. Lin, C.N. Kurucz, and T.D. Waite (1994). “High Energy

Electron Beam Generation of oxidants for the Treatment of Benzene and Toluene in the
Presence of Radical Scavengers,” Water Research, Vol.28, pp.1227-1237.

. Coaper, W.J., . Cadavid, M.G. Nickelsen, K. Tin, C.N. Kurucz, and T.D. Waite (1993). “Re-

moving THMs from Drinking Water Using High-Fuergy Electron-heam Irradiation,” Journal
American Water Works Association, Vol.85, No.9, pp.106-112.

. Cooper, W.I., D.E. Meacham, M.G. Nickensen, K. Lin, D.B. Iord, C.N. Kurucz, and T.D.

Waite (1993). “The Removal of Tri(TCE) and Tetrachloroethylene (PCE) from Aqueous So-
lution Using High-Energy Electrons,” Journal of the Air and Waste Management Association,
Vol.43, pp.1358-1366.

. Cooper, W.J,, M.G. Nickelsen, D.E. Meacham, T.D. Waite, and C.N. Kuruez (1992). “High

Energy Electron Beam Irradiation: An Advanced Oxidation Process for the Treatment of
Aqueous Based Organic Hazardous Wastes,” Water Pollution Research Journal Canada,
Vol.27, pp.69-95,

. Faroog, S., C. Kurucz, T.D. Waite, W.J. Cooper, W. Mane, and J. Greenficld (1993). “Dis-
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Vol.27, 1993.

Swinwood, J., . Bryan, D. Carlson, T.D. Waite, J. hare, and P. Kruger {1992). “Radia-
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Kuruez, C.N., T.D. Waite, W.J. Cooper, and M. Nickelsen (1992). “Ireatment of hazardous
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Chemistry for the Protection of the Environment, Elsevier Press, New York.
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and Selected Alkyl Substituted Benzenes from Aqueous Solution Utilizing Continuous High
Energy Flectron Irradiation,” Environmental Science & Technology,” Vol.26.

Cooper, W., M. Nickelsen, 1), Meacham, T.Waite, and C. Kurucz (1992). “High Fnergy Elec-
tron Beam Irradiation: An Innovative Process for the Treatment of Aqueous Based Organic
hazardous Wastes,” Journal of Environmental Science & Ilecalth, Vol. A27. No.1.

. Kuruez, C., T. Waite, W. Cooper, and M. Nickelsen (1991). “High Lnergy Llectron Beam

[rradiation of water, Wastewaler, and Sludge,” Advances in Nuclear Science and Technology,
Vol.22, ). Lewins and M. Becker, Editors, Plenum press.

. Waite, T.D., W.J). Cooper, and C.N. Kurucz (1991). “Full Scale Treatment of Wastewater

Efftuent with High Energy Ilectrons,” Chemistry for the Protection of the Environment,
Elsevier Press, New York.
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17.

Al-Hoti, B., T.D. Waite, and W. Chow (1990). “Development and Calibration of a Model
for Predicting Optimum Chlorination Scenarios for Biofouling Control,” Water Chlornation
Chemistry, Environmental Impact and health Effects,” Vol.6, Lewis Publishers.

Platon, M., and T".D. Waite (1985). “A Prediclive Model for the Destruction of Biofilms with
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JAMES D. ENGLEHARDT, Ph.D., P.E.
Department of Civil and Architectural Engineering
University ol Miami
Coral Gables, F1, 33124-0630
Phone: (305)284-3391
I-Mail: jengleha@eng.miami.edu

HIGHER EDUCATION
Institutional;

Universily of California, Davis, Ph.D.(Civil/Environmental Engincering), 1992
Colarado State University, M.S.(Agricultural/Environmental Engincering), 1983
University of Pittsburgh, B.S.(Chemistry), 1976

Cerlification, Licensure:

State of Florida P.15. No. 48821
EXPERIENCE

Academic:

University of Miami, Assistant Professor, Department of Civil and Architectural Engincering, 1992-
Present

Non-Academic:

Manville Corporation (Denver, CO}, Rescarch Engineer, 1983-1987
Yestern Filter Company (Denver, CO), Laboratory Supervisor, 1978 - 1980

PUBLICATIONS (Last 10 years)

Juried or Referced Journal Articles:

1. Englehardt, J.D., and C. Peng (1995). “A bayesian Benefit-Risk Analysis Model Applied to
the South Florida Building Code,” Risk Analysis, in press.

2. Englehardt, J.D. (1995). “Predicting Incident Size from Limited Information,” Journal of
Environmental Engineering, Vol.121, No.6, ASCI, New York, pp.455-464.
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Journal of Environmental Engineering, Vol.120, No.3, ASCE, New York, pp.513-526.

4. Englehardt, J.13. (1993). “Pollution Prevention Technologics: A Review and Classification.”
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5. Englehart, J.DD., and J.R. Lund (1992). “Information Theory in Risk Anralysis,” Journal of
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6. Lnglehardt, 1.D. and J.R. Lund (1990). “Economic Analysis of Recycling lor Small Municipal
Waste Collectors,” Journal of Resource Management and Technology, Vol.8, No.2, pp.84-86.




7. Lnglehardt, J.D., and R.C, Ward (1986). “Operation and Maintenance Requirements for
Small-Flow Treatment Systems,” Journal Water Pollution Control Federation, Vol.58, No.10,
pp.96G7-971.

PROFESSIONAL ORGANIZATIONS
L. Member, American Society of Civil Engineers
2. Member, Association of Invironmental Engineering Professors

3. Member, Water Environment Federation
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Department of Civil and Architectural Engineering
University of Miami
Coral Gables, I'T, 33124-0630
Phone: (305)284-3391
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HIGHER EDUCATION
Institutional:

Massachusetts Institute of Technology, Ph.D.(Civil/linvironmental Engincering), 1995
University of Miami, M.S.(Civil Engineering), 1988
University of Miami, B.S.(Civil Engineering), 1987

EXPERIENCE
Academic:

University of Miami, Assistant Professor, Department of Civil and Architectural Engineering, 1995-
Present

Non-Academic:
Hazen and Sawyer, P.C. (Miami, I'L}, Environmental Engineer, 1989-1990
PUBLICATIONS (Last 10 years)

Juried or Refereed Journal Articles:

1. Solo-Gabricle, H., and I.E. Perkins (1995). “Metal Transport within a Small Anthropogeni-
cally Contaminated Watershed: Part 1. Mechanisms Describing the Variability of Sireamflow
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2. Solo-Gabriele, 1., and F.E. Perkins {1995). “Metal Transport within a Small Anthropogeni-
cally Contaminated Watershed: Part 2. Mechanisms Describing the Variability of Metals,”
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3. Solo-Gabriele, II., and I.E. Perkins (1995). “A Watershed-Specilic Model for Streamilow,
Sediment, and Metal Transport,” Journal of Environmental Engineering, in review.

PROFESSIONAL ORGANIZATIONS
1. Member, American Society of Civil Engineers
2. Member, American Geophysical Union
3. Member, Water Envirenment Federation
4. Member, American Water Works Association
5. Member, International Association for Sediment Water Science
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SHIHAB S. ASFOUR, Ph.D.
Department of Industrial Engincering
University of Miami
Coral Gables, ', 33124
Phone: (305)284-2344
E-Mail: sasfour@eng.miami.edu

HIGHER EDUCATION

Institulional:

Texas Tech University, Ph.D.(Industrial Engineering), 1980
Alexandria University, M.5.(Production Engineering), 1976
Alexandria University, B.S.{Production Engincering), 1973

Certification, Licensure;

Certified Manulacturing Technologist, 1987
EXPERIENCE

Academic:

University of Miami, Professor, Department of Industrial Engineering, 1988-Present
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Rooks and Monographs:
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manual Lifting Tasks,” Applied Ergonomics, Vol.21, No.4, pp.295-303.
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Asfour, §.5., and M. Tritar (1991), “Endurance Time and Physiotogical Responses Lp Pro-
longed Arm Lifting,” Ergonomics, Vol.34, No.3, pp.335-342.

. Genaidy, A.M., T.M. Khalil, 5.5. Asfour, and R.C. Duncan (1990). “Human Physiological

Capabilities for Prolonged Manual Lifting Tasks,” 1[I Transactions, Vol.22, No.3, pp.270-280.

. Asfour, §.5., T.M. Khalil, S.M. Waly, M.L. Goldberg, R.5. Rosomolfl, and T[.L. Rosomoll

(1990). “Biofeedback in back Muscle Strengthening,” Spine, Vol.15, No.6, pp.510-513.
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Abdel-Moty, E., T.M. Khalil, 5.5, Asfour, R.S. Rosomoff, and H.L. Rosomofl (1988). “Func-
tional Flectrical Stimulation for the Restoration of Muscle Function in Low Back Pain I’a-
tients,” Pain anagement, pp.258-263.

Khalil, T.M., 5.5. Asfour, E. Abdel-Moty, R.N. Rosomoff, and H. Rosomoff (1988). “Lr-
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KAU-FUI VINCENT WONG, Ph.D., P.E,
Department of Mechanical Engineering
University of Miami
Coral Gables, F1, 33124
Phone: (305)284-2571
I5-Mail: kwong@eng.miami.edu

HIGHER EDUCATION
Institutional:

Case Western Reserve University, Ph.D.(Mechanical/Acrospace Engincering), 1977
Case Western Reserve University, M.S.(Mcchanical Engineering), 1975
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Ceriificalion, Licensure:
State of I'lorida P.L.
EXPERIENCE
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University of Miami, Associate Professor, Department of Mechanical Enginecring, 1983 Present
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Dimensional, Ground-Water System,” Computers & Geosciences, Vol 18, No.9.
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Date: September 29, 1995

To: Kama) Yacoub, Chairman
Faculty Senate

From: M. Lewis Temnares, Dea
College of Engineering

Subject: New Baccalaureate Degree Frogram

Attached is a prapesal for a new baccalaureate degree program in the College of En-
gineering, Bachelor of Science in Envizonmental Engineering. This proposal was approved

ananimously by the Faculty of the College of Engineering on 27 September, 1995,

I fully endorse this proposal, including the proposed annuel hudget of $17,000. " Please
initiate the process of Faculty Senate consideration of this new degree prograim. In addition,
because of the importance of this new degree program to the Strategic Plan of the College of
Bnginesring, and the necessity of promoting this program in oul Spring recruiting activities,
1 request early approvel of this program. It is highly desirable that this program be approved

in time to be published in the AY96 University Bulletin.

The new Environmental Engineering program. is to be administered by the Dapartment
of Civil and Architectural Engineering, and Dr. David A. Chin is the department Chair.
Please contact Dr. Chin with any questions on the proposed degres program, and for follow-
up action in response to the Senate requests for any additional materials, Thaok you in

advance for your efforts on out behalf.

cc: Dr David A. Chin, Chairman, Department of Civil and Architectural Engineering

Dr. Samuel §. Lee, Associate Dean
Dr. Thomas D. Waite, Associate Dean for Research and Graduate Studies

Moo
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R
M? /___%W  College of Englneering

Office of the Dean
P.0O. Box 248294
Coral Gables, Florida $3124-0620
phone: 305-284-6035
Fax! 305-284-3615
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FACULTY SENATE

Faculty Senate Meeting
November 27, 1995
REGULAR MEETING

The Chair called the regular session to order at 5:10 p.m. and presented the minutes of
October 30, 1995 for approval, The minutes were approved as submitted. Excused absences
were approved for Professors Belgrave, Chandar, Hector, Lopez-Gottardi, Malinin,
Mangrum, Rogers, Schwartz, Serafini, Whelan and Zame.

Proposal for a B.S. in Environmental Engineering - (First Reading)

Professor Yacoub announced that Professor Michael Gaines, Chair of the Department of
Biology and Director of the Environmental Science Program, was asked to chair the ad hoc
committee to review the proposal for a B.S. in Environmental Engineering. Also serving
on the committee were Professor James Nearing, Department of Physics and Professor Jerry
Catz, Department of Mechanical Engineering. Professor David Chin, Chair of the
Department of Civil and Architectural Engineering, presented the proposal and gave its
rationale. Professor Gaines spoke about the pedagogical aspects of the program and stated
that his committee recommended the proposed program. Several questions were raised
about the curriculum and, following discussion, the Chair asked for a motion suggesting that
a second reading of the proposal be scheduled for the January 22 meeting, provided that
Professor Chin will forward a copy of the proposal to the Environmental Science Committee
for comments and that he will also discuss the proposal with the appropriate faculty from
the Division of Applied Marine Physics at RSMAS. The Chair's suggestion was moved, and
seconded. The motion carried.

Academic Calendar for 1996-97

Dr. Yacoub explained that because of certain peculiarities in the 1996-97 calendar, Dean
Orehovec's office prepared two possible versions of the academic calendar (early versus late
start). At the Academic Deans’ Policy Council, preference was voiced for the late start even
though it has only one evening between the last final and the time grades are due. Dr.
Yacoub explained that he had been working with the Registrar to find ways to extend that
period to 36 hours. Following discussion of the advantages and disadvantages of the early
versus the late start, it was agreed that the Dean of Enrollments will consult further with
the Academic Standards Committee and the Academic Deans’ Administrative Council
before finalizing the 1996-97 academic calendar.

325 Ashe-Admin. Bldg.
Coral Gables, Florida 33124-4634
305-284-3721
Fax 305-284-5515
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system at the Medical School, the President explained that hardware, software and five years
of operation made up the expense. The new system would allow patient billing and records
to be centralized.

B.S. in Environmental Engineering Degree Program - (Second Reading)

The Chair summarized the background of the proposal for a B.S. in Environmental
Engineering Degree Program. Professor David Chin, Chair of the Civil and Architectural
Engineering Department, indicated that he had complied with the Senate’s request to
forward a copy of the proposal to the Environmental Science Steering Committee, chaired
by Professor Michael Gaines. The Committee discussed the proposal and has
enthusiastically endorsed it. The Senate also requested that Professor Chin receive full
input from the faculty at RSMAS. Representatives from several divisions at RSMAS met
with Professor Chin to discuss the proposal and it was agreed that the proposal could go
forward in its present form. Professor Brown withdrew his objection to the mathematics
requirement in the proposal after reviewing the curricula of competing programs around the
country. Upon closer review of competing programs, Professor Brown also discovered that
several of them contain a more thorough treatment of environmental science in preparation
for the engineering portion of the curriculum. However, those schools required far more
credits for graduation than the University of Miami, It was agreed that a faculty member
from RSMAS would be appointed to an oversight committee to review the curriculum
annually. It was moved and seconded to approve the proposal. The motion carried
unanimously.

Budget Committee Update

The Vice Chair reported that a web page containing the Faculty Senate Manual is underway
thanks to a computer donation by Information Resources. As Budget Committee chairman,
Professor Green stated that a report will be prepared on the state of salaries at the
University based on figures made available through the Provost. He also announced that
the President and Provost were able to recommend an increase in faculty raises above that
reported at the last Senate meeting, The recommendation adopted by the Board regarding
faculty salaries was a 4 1/4% overall pool to be distributed to the deans. In addition, there
is another 1/4% retained in the Provost's Office that will be made available if there are no
indications of a budget shortfall. These monies will then be distributed on individual
petition for special circumstances. Professor Green thanked the President and Provost for
their efforts on behalf of the faculty.
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TO: Kamal Yacoub
Chair, Faculty Senate

FROM:  Michael S. Gaines 77¢ 4/@ ¢

Chair, Department of Biology
DATE: November 2, 1995

SUBJECT: PROPOSED NEW DEGREE PROGRAM IN ENVIRONMENTAL
ENGINEERING

Our committee met on November 2, 1995, to discuss the new program proposed
by the School of Engineering. The committee was impressed with the
thoroughness of the proposal. The proposed curriculum is similar in content to
that of other Environmental Engineering Programs around the country, Our only
query is why there is no computer science in the curriculum.

MSG/dw
cc:  James Nearing, Dept. of Physics
Jerome Catz, Dept. of Mechanical Engineeriog

artment of Biology
£.0. Box 249118
Coral Gables, Florida 33124-0421
LKL . mig Kamal ¥ acoub 31 Telephone: 305-284-3973
Fax: 305-284-3039
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MEMORANDUM

DATE: 9 November, 1995

TO: Dr. Kamal Yacoub
Chair, Faculty Senate

FROM: Dr. David A. Chin, Chairman le QL

Department of Civil & Architectural Engineering

SUBJECT: Proposed New Degree Program in Environmental Engineering

On behalf of the faculty in the Department of Civil and Architectural Engineering I would like
to thank the Ad-hoc Committee for their efforts in reviewing our BSEnE proposal. Such
dedicated service to the University frequently goes unrecognized.

In response to the Committee’s query regarding the lack of a computer programming/science
course in the proposed curriculum, I direct your attention the attached copy of the BSEnE
curriculum. In the Spring semester of the Junior year, CEN 301 {(Computer Programming
Applications) is a computer programming/science course. As indicated in the attached syllabus
for CEN 301, Fortran Programming and Numerical Methods constitute approximately 75% of
this course.

If either the Ad-hoc Committee or yourself have any further questions regarding the content of
the BSEnE curriculum, please do not hesitate to contact me. I look forward to this item being
taken up by the Faculty Senate on 27 November. Thanks again for your efforts.

DAC/oc
Attachments
c: Dean M. Lewis Temares, College of Engineering
Prof. Michael Gaines, Department of Biology
Prof. James Nearing, Department of Physics
Prof. Jerome Catz, Departmment of Mechanical Engineering

Department of Civit & Architectural Engincering
College of Engineering
PO Box 248294
Coral Gables, Florida 331240030
305.284- 3391
Fux 305- 284 4442




COURSE DESCRIPTION

AEN/CEN 301 - Computer Applications in Civil / Architectural Engincering

1994/1995 Catalog Data:

Textbooks:

Coordinator:

Goals:

Prercquisites by Topics:

Fall 1995

3 credits. Exploration and modcling of Civil/Architcctural sysicms. Topics .
will include numerical analysis, constraincd and unconstrained oplimization,
systems analysis, and softwarc cvaluation. Students will solve problems
using existing packages and soltwarc dcveloped by them. Prerequisite:
MTH 211, CEN 210.

Koffman, E.B. and Fricdman, F.L. (1993). FORTRAN With Engineering
Applications, 5ith Edition, Addison-Wesley Publishing Company, New
York.

The Student Edition of MATLAB, Prentice Hall, Englewood Cliffs, NJ.

Dr. Ahmad H., Namini, Associate Professor of Civil and Architectural
Engineering, Room 320, McArthur Engincering Building

During the course, the student will become familiar with the analytical
modcling and solution of engincering problems with the aid of student-
developed Fortran programs and MATLAB.

MTH 211 (Calculus II)
CEN 210 (Mechanics of Solids I)

Topics:

1. Introduction (1-2 classes)

2. Fortran Programming (13-15 classes)

3 Matrix Algebra (3-4 classcs)

4, Numecrical Methods (13-15 classes)

5. Computer Graphics (3-4 classes)

Lab Projects: None

Computer Usage: Extensive usc of Fortran compiler and MATLAB.

Grading Policy:

Examination #1 25%
Examination #2 25%
Compuler Assignments 50%
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A Proposal for a New Degree Program:
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Executive Summary

The Department of Civil and Architectural Engineering is proposing the establishment of a
baccalaureate program in environmental engineering. This program fits in well with the depth of
faculty resources and infrastructure that exist within the College of Engineering.

In 1992, the Department of Civil and Architectural Engineering established an environmental
option within the baccalaureate program in Civil Engineering. This option has been very successful
in attracting about 10 - 15 students per year since 1992. As a result of the demonstrated pop-
ularity of environmental engineering at the University of Miami, and the relatively small cost of
changing from an environmental engineering option to a free-standing environmental engineering
degree, the Department of Civil and Architectural Engineering is proposing the establishment of
a baccalaureate program in environmental engineering. Many of the students currently enrolled
in the environmental engineering option of the Civil Engineering program have expressed a pref-
erence for a baccalaureate degree in environmental engineering and we infer that, by establishing
this program, potential students who are presently choosing not to attend the University of Miami
because they are interested primarily in an environmental engineering degree will now have the
opportunity to study at the University of Miami.

Accreditation is a central issue in any engineering program, since most States require graduation
from an accredited program as a prerequisite for registration (licensure) as a professional engineer,
Reviews of the accreditation criteria that apply to the proposed environmental engineering degree
program, and the curricula of all accredited environmental engineering programs in the United
states are presented in this proposal.

The curriculum for the baccalaureate program in environmental engineering has been designed
on the basis of the accreditation requirements for environmental engineering programs, the curricu-
lar content of existing accredited environmental programs in the United States, a review of related
courses at the University of Miami, and our own vision of the educational content of a modern
environmental engineering program.

Institution of a baccalaureate program in environmental engineering is expected to cost the Uni-
versity a modest $20,000 per year in increased operational costs. This cost is primarily associated
with the need to add a new course in air pollution, a part-time technician in the environmental
engineering laboratory, and the recurring cost of technical supplies generated by increased lab-
oratory usage, We expect that these marginal costs will be more than offset by the increased
revenue generated by increased student enrollment. In fact, the break-even point seems to be an
incremental enrollment of only two students into the program. Given that there are presently only
nine accredited baccalaureate environmental engineering programs in the United States, and the
unfulfilled demand for environmental engineering professionals in society, we have no doubt that
the incremental costs of this program will be more than offset by increased revenues from new
student enrollment.



1 Introduction

1.1 Global Perspective

The American Academy of Environmental Engineers (AAEE) is the lead society for the accredi-
tation of environmental engineering programs in the United States, and they define environmental
engineering as “...the application of engineering principles to the management of the environment
for the protection of human health; for the protection of nature’s beneficial ecosystems and for
environment related enhancement of the quality of human life.”

The modern field of environmental engineering evolved from the field of sanitary engineering,
which was concerned primarily with the design and analysis of water and wastewater systems.
The name-change ocurred during the late 1960’ [7). Today, environmental engineering is one
of the most popular specialties in the civil engineering profession, and it is not uncommon to poll
undergraduate civil engineering students and find over 50% with a primary interest in environmental
engineering. These students often want a degree that is a combination of water-related engineering
and environmental science [8]. '

The rapidly increasing knowledge base required to specialize in environmental engineering is
driving the evolution of environmental engineering as a separate discipline. This evolution is cur-
rently being accomodated by graduate programs, which tend to offer relatively elementary courses
in the environmental field, and have resulted in a master’s degree being the basic degree requirement
to practice environmental engineering. Most master’s degree programs in environmental engineer-
ing are within the civil engineering discipline, although there are some within the mechanical and
chemical engineering disciplines [6]. Civil engineers primarily focus on the design of water distribu-
tion and sewer systems, mechanical engineers tend to focus on air pollution, and chemical engineers
tend to focus on the reduction of wastes generated by industrial facilities.

With the emergence of new baccalaureate programs in environmental engineering, some prac-
titioners see this as an opportunity to elevate environmental engineering graduate courses to levels
that are more state-of-the-art than are presently feasible, given the level of preparation of enter-
ing graduate students from traditional disciplines [5]. The sub-disciplines (i.e. professional fields)
within environmental engineering are recognized to be: air quality, water quality, solid waste man-
agement, and industrial hygiene {7]. Within these sub-disciplines are such multi-media specialty
areas as hazardous waste management and wastewater engineering.

Combined with the strong demand in the marketplace for environmental engineers, it has been
suggested (1] that the strongest argument in favor of increased environmental engineering under-
graduate education is that the great majority {(approximately 95%) of the B.S. level engineers in
the United States are being educated in fields that do not provide a good foundation for further
development, through education or practice, in the environmental engineering field. This concern
is particularly relevant since the National Council of Examiners for Engineering (NCEE) has re-
cently introduced (1993) a separate Environmental Engineering examination for registration as a
professional engineer, which in effect recognizes environmental engineering as a separate discipline.
Clearly, the baccalaureate degree in environmental engineering will ultimately become the primary
professional degree for becoming licensed as a practicing environmental engineer.

There seems to be little doubt that graduates with baccalaureate degrees in environmental
engineering will have ample job opportunities [1, 5]. In fact, there are indications that unprece-
dented demand for environmental engineers in the 1990s and beyond is causing many universities
to increase the curricular presence of environmental engineering at the baccalaureate level {1).




dicate that an independent free-standing environmental engineering program is viable, and, besides
attracting the current pool of students who are also interested in civil engineering, this program will
additionally attract those students that are interested only in environmental engineering. Infor-
mal polis of students currently in the environmental engineering option show that there is almost
unanimous support for the development of a baccalaureate program in environmental engineer-
ing. The proposed environmental engineering program will also be attractive for transfer students
from engineering programs at junior colleges, with the environmental engineering degree requiring
approximately two years of additional study.

The issue of accreditation for any new engineering program is critical, since engineers cannot
be licensed unless they are graduates from an accredited engineering program. This consideration
must somehow be accomodated within the reality that engineering programs are not permitted
to request accreditation unless they have produced graduates. We realize that it would not be
responsible to admit students to a program that is not accredited, since this would limit their
professional opportunities, therefore we are proposing that in the interim period between the en-
vironmental engineering baccalaureate program being adopted by the University and being put
up for accreditation, we will encourage students to do a dual-degree program in which they will
be granted baccalaureate degrees in both civil engineering and environmental engineering in nine
semesters, compared with the eight semesters that it takes to do these degree programs separately.
Students in this dual-degree track will have a fully accredited civil engineering degree and can
become licensed professionals. After approximately three graduating classes, the environmental
engineering baccalaureate program will be put up for accreditation, and then subsequent classes
will be encouraged to pursue this degree as a separate track.

2 Program Requirements for Accreditation

Engineering programs in the United States are accredited by the Engineering Accreditation Com-
mission (EAC) of the Accreditation Board for Engineering and Technology (ABET), and many
states require graduation from an accredited engineering program as a prerequisite for becoming a
licensed professional engineer.

Environmental Engineering programs are accredited at either the Basic Level (undergraduate)
or Advanced Level (graduate), however, the Engineering Dean’s Council opposes dual accredita-
tion of both undergraduate and graduate programs [5). Currently, most graduate environmental
engineering programs are not accredited, and accreditation has been mostly sought at the under-
graduate level. The criteria for ABET accreditation fall into two categories: general criteria and
program-specific criteria; and all accredited programs must meet both sets of criteria. These crite-
ria for ABET accreditation of all engineering programs in the United States are published annually
by ABET. The latest requirements may be found in (2, 3}.

2.1 General Criteria

The general criteria for accreditation of undergraduate programs fall within the foliowing categories:
(1) Faculty; (2) Curricutar Objective; {3) Curricular Content; (4) Student Body; (5) Administra-
tion; (6) Institutional Facilities; and (7) Institutional Commitment. The salient features of these
requirements are described in the following sections.




advanced chemistry or physics may be used to satisfy the basic science requirement, as appropriate
for various engineering disciplines.

Courses in engineering topics include subjects in the engineering sciences and engineering de-
sign. Engineering sciences have their roots in mathematics and basic sciences, but carry knowledge
further towards creative application. Such subjects include: mechanics, thermodynamics, electrical
and electronic circuits, materials science, transport phenomena, and computer science (other than
computer programming skills). Engineering design is the process of devising a system, component,
or process to meet desired needs. The engineering design component of a curriculum must include
the following features: development of student creativity, use of open-ended problems, develop-
ment and use of modern design theory and methodology, formulation of design problem statements
and specifications, consideration of alternative solutions, feasibility considerations, production pro-
cesses, concurrent engineering design, and detailed system descriptions. It is also essential to include
a variety of realistic constraints, such as economic factors, safety, reliability, aesthetics, ethics, and
social impact.

Courses in the humanities are concerned with man and his culture, while courses in the social
sciences are concerned with individual relationships in and to society. Examples of traditional
subjects in these areas are: philosophy, religions, history, literature, fine arts, sociology, psychology,
political science, anthropology, economics, and languages other than English or a student’s native
language. The humanities and social science courses contained within an engineering program must
provide both breadth and depth, and not limited to the selection of unrelated introductory courses.

Besides meeting the course requirements in mathematics, basic sciences, engineering topics,
social sciences, and humanities, each educational program must include a meaningful, major en-
gineering design experience that builds upon the fundamental concepts covered in these courses.
Furthermore, each program must have an appropriate amount of laboratory experience such that
the students develop a competence to conduct hands-on experimental work such as that expected
of engineers in the discipline represented by the program. All engineering programs must have an
appropriate amount of computer-based experience, evidenced by a knowledge of the application
and use of digital-computation techniques for specific engineering problems.

2.1.4 Student Body
Student body criteria relate to the admission, retention, and scholastic work of students, and the
records of graduates both in further acddemic study and in professional practice,

2.1.5 Administration

Administration criteria relate to the attitude and policy of the administration of the College of
Engineering toward teaching, research, and scholarly production, and the quality of leadership at
all levels of administration of the College.

2.1.6 Institutional Facilities

Institutional facilities criteria state that an engineering program must be supported by adequate
physical facilities, including office and classroom space, laboratories, and shop facilities suitable for
the scope of the program’s activities. Other criteria relate to library and computer facilities.




4 University of Miami BSEnE Curriculum

4,1 Course Requirements

The University of Miami BSEnE program was developed by considering: (a) the curricular content
of existing ABET accredited environmental engineering programs; (b) the courses currently avail-
able and being offered at the University of Miami; and (c) our vision of the responsibilities and-
challenges facing an environmental engineer in the 215t century.

The curricula of accredited environmental engineering programs in the United States have
been reviewed in the previous section, and the common course contents identified. On reviewing
the environmental courses currently available at the University of Miami, we find that most of
the key environmental engineering courses are currently being offered within the Department of
Civil and Architectural Engineering, primarily as part of the environmental engineering option
in civil engineering. Other courses that are basic to any environmental engineering program are
found principally in the Department of Mechanical Engineering (air pollution and related courses),
Department of Industrial Engineering (industrial hygiene and related courses), and the Departments
of Chemistry and Biology. The consensus of the group that developed the environmental engineering
curriculum is that, except for a single course in air pollution that needs to be developed, there are
sufficient courses already existing and being offered at the University of Miami to constitute an
accreditable and relevant environmental engineering program.

An important issue that was addressed in developing our environmental engineering program
was the issue that a newly created environmental engineering program will not be accredited until
there are graduates from the program, and that practicing engineers cannot be licensed unless they
are graduates from an accredited engineering program. This will create a problem for the initial
environmental engineering graduates who complete the program prior to accreditation. We have
addressed this issue by proposing, and recommending, a dual degree program in Environmental
Engineering and Civil Engineering in which students complete the requirements for both degrees
in nine semesters, compared with the eight semesters required for each degree. Clearly, students
will have the option of choosing to pursue these degrees individually, accreditation requirements
notwithstanding,

4.2 Admission Requirements

Admission to the environmental engineering program is the same as for all other programs at the
University of Miami. According to the University of Miami Bulletin, the Committee on Admission
bases its decision as to the admission of applicants upon evidence that they have the qualifications
deemed necessary for academic success at the University of Miami. Principal factors in the ad-
mission decisions are: (1) secondary schoo! record; (2) scholastic assessment test (SAT), scholastic
assment test [ (SAT I), and american college testing program (ACT); (3} counselor’s evaluation
form; and (4) an essay. Although specific criteria are not given for such measures as high school
grade-point-averages and SAT scores, the College of Engineering has, on average, admitted students
with the highest average SAT scores at the University. Based on our experience with these students
in our existing engineering programs, we wonld expect that the pool of students attracted to our
environmental engineering engineering program will be similarly qualified and perform adequately.
A similar statement can be made regarding the quality and performance of transfer students, where
it is the policy of the University that only courses passed with a grade of C or better at an accredited




Bachelor of Science in Environmental Engineering

Freshman Year

Fall Semester Spring Semester
CEN 101  Intro. to Civi/Env. Engrg. 1 CHM 112  Principles of Chemistry |l 4
CHM 111  Principles of Chemistry | 4 ARC 191 Architectural Graphics 3
ENG 105 English Composition | 3 ENG 107  Writing About Science 3
MTH 110  Calculus | 5 MTH 112 Calculus il 4
SS/H/A Elective 3 PHY 205 Physlics | 3
16 17
Sophomore Year
| ar Spring Semester
CEN 210  Mechanics of Solids | 3 CEN 211 Mechanics of Solids i 3
CEN 350  Transportation Engineering | 3 CEN 212  Structural Lab 1
MTH 211  Calculus Il 3 EEN 205 Electrical Engineering | 3
PHY 206 Physics |l 3 MTH 311 Ordinary Differential Equations 3
PHY 208 Physlcs Lab | 1 PHY 207 Physics lll 3
SS5/H/A Elective 3 PHY 209 Physics Lab i 1
16 IEN 311 Probability and Statistics 3
17
Junior Year
Fall Semester Spring Semester
CEN 330  Fluid Mechanics 3 CEN 30t  Computer Applications 3
CEN 340  Intro. to Environmental Engrg. 3 CEN 430 Water Resources Engineering 3
CEN 345  Water and Waste Analysis 3 CEN 440 Des. Water Qual. Control Sys. 3
MEN 303 Thermodynamics | 3 Basic Science Elective 3
IEN 351 Industrial Safety Engrg. 3 SS/H/A Elective 3
_ 15 16
Senior Year
Eall Semester Spring Semester
CEN 481  Design Project | 1 MEN 520  Air Pollution 3
CEN 540  Environmental Chemistry 3 ENE Elective 3
CEN 541  Pub. Hith. & Env. Microbiology 3 ENE Elective 3
CEN 543  Solid and Haz. Waste Engrg. 3 CEN 482  Design Project li 2
SS/H/A Elective 3 CEN 402  Professionalism and Ethics 3
SS/H/A Elective 3 SS/H/A Elective 3
‘ 16 17

Figure 10: Environmental Engineering Curriculum




To support these courses are a laboratory course in Water and Wastewater Analysis (CEN 345), and
a variety of applied science courses such as Environmental Chemistry (CEN 540), Public Health and
Environmental Microbiology (CEN 541). Students in the BSEnE program will have the flexibility
to choose two elective courses in environmental engineerng and one Basic Science elective from the
lists shown in Figure 11. These electives will permit the student to take advanced courses in either
water and wastewater engineering (CEN 530, CEN 531, CEN 532), industrial hygiene (IEN 558,
IEN 559), air quality control (MEN 521), or remote sensing and solar energy utilization (MEN 510,
MEN 530). The list of basic science electives will provide the student an opportunity of more in-
depth study in biology, chemistry, and the earth sciences, depending on the interests of the student.
The proposed BSEnE curriculum will require 129 credits for graduation, which is fairly typical of
other accredited programs in the College of Engineering. The semester-credit requirements for
the proposed BSEnE program are compared with the requirements of other BSEnE programs in
Table 6. Based on these data, it is clear that the credit requirements for the proposed BSEnE

Table 6: Semester-Credit Requirements of BSEnE Programs

[ School | Semester-Credits |
Cal Poly 140
Northwestern i 144
Univ. of Florida 130
Michigan Tech 131
Univ. of Central Florida 132
Montana Tech 145
New Mexico Tech 138
Syracuse 131
RPI 134

degree program are commensurate with the requirements of most accredited BSEnE programs in
the United States.

In the initial stages of implementing the environmental engineering program, students will be
encouraged to pursue a dual degree program in civil engineering and environmental engineering.
When the environmental engineering program is accredited, then pursuit of an individual environ-
mental engineering degree will also be encouraged. This approach is dictated by the requirement
that graduation from an accredited degree program is a prerequisite for registration as a professional
engineer. The following additional courses must be taken by students in the Environmental Engi-
neering program to satisfy the requirements of the Civil Engineering program: Structural Analysis
(CEN 310), Concrete Structures (CEN 320), Steel Structures (CEN 321), Geotechnical Engineer-
ing 1 & II (CEN 370,CEN 470), Geotechnical Engineering Lab (CEN 371), and Transportation
Engineering II (CEN 450). These courses amount to 19 credits, and therefore the curricula of both
the Civil Engineering and Environmental Engineering programs can be covered in nine semesters,
compared with the eight semesters required to complete these programs individually.

4.6 Resources Required

All of the courses in the environmental engineering curriculum, with the exception of a course
in air pollution control, are presently being offered on a regular basis. Consequently. the faculty
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Executive Summary

The Department of Civil and Architectural Engineering is proposing Uhe establishment of a
baccalawrcate program in environmental engineering. ‘This program fits in well with the depth of
lfaculty resources and infrastructure that exists within the College of Fngineering,

In 1992, the Department of Civil and Architectural Engineering established an environmental
option within the baccalaureate program in Civil Enginecring. T'his oplion has been very successlul
in attracting about 10 - 15 students per year since 1992, As a resull of the demonstrated pop-
ularity of environmental engineering al the University of Miami, and the relatively small cost of
changing lrom an environmental engineering option to a free-standing environmental engineering
degree, the Department of Civil and Architectural Engineering is proposing the establishment of
a baccalaureate program in environmental engineering. Many of the students currently enrolled
in Lhe environmental engincering option of the Civil Engineering program have expressed a pref-
ercnce for a baccalaurcale degree in environmental engineering and we infer that, by establishing
this program, potential students who are presently choosing not to attend the University of Miami
because they are interested primarily in an environmental engincering degree will now have the
opportunity to study at the University of Miami.

Accreditation is a central issue in any engineering program, since most States require graduation
rom an accredited program as a prerequisite for registration (licensure) as a professional engineer.
Reviews of the accreditation criteria thal apply to the proposed environmental engineering degree
program, and the curricula of all accredited environmental engineering programs in the United
states are presented in this proposal.

The curriculum for the baccalaureate program in environmental engineering has been designed
on the basis of the accreditation requirements for environmental engineering programs, the curricu-
far content of existing accredited environmental programs in the United States, a review of related
courses at the University of Miami, and our own vision of the educational content of a modern
cnvironmental engineering program.

Institution of a baccalaurcate program in environmental engincering is expected cost the Uni-
versity a modest $20,000 per year in increased operational costs. This cosl is primarily associated
with the need to add a new course in air pollution, a part-time technician in the environmental
engineering laboratory, and the recurring cost of technical supplies gencrated by increased lab-
oratory usage. We oxpect that these marginal costs will be more than offset by the increased
revenue generated by increased student enrollinent. In fact, the break-even point scems to be an
incremental enrollment of only Lwo students into the program. Given that there are presently only
nine accredited baccalaurcate environmental engincering programs in the United States, and the
unfulfilled demand for environmental engineering professionals in society. we have no doubt that
the incremental costs of this program will be more than offset by increased revenues from new
student enrollment.
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1 Introduction

1.1 Global Perspective

The American Academy of BEnviconmental Bngineers (AALR) is the lead sodiely for the aceredi-
tation of environmental engincering prograins in the United States, and they defline environmental
engineering as .. the application ol engincering principles Lo the management of the environment
for the protection of luman health; for the protection of nature’s beneficial ccosystems and for
environment related enhancement of the quality of human life.”

The modern field of environmental engincering evolved from the field of sanitary engineering,
which was concerned primarily with the design and analysis of water and wastewater systems.
The name-change ocurred during the late 1960’ [7]. Today, environmental enginecring is one
of the most popular specialties in the civil engineering profession, and it is not uncommon to poll
undergraduate civil engineering students and find over 50% with a primary interest in environmental
engineering. ‘These students often want a degree that is a combination of water-relaled engineering
and environmental science [8].

The rapidly increasing knowledge base required to specialize in environmental engincering is
driving the evolution of environmental engineering as a separate discipline. This evolution is cur-
rently being accomodated by graduate programs, which tend to offer relatively elementary courses
in the environmental field, and have resulted in a master’s degree being the basic degree requirement
to praclice environmental engincering. Most master’s degree programs in environmental engineer-
ing are within the civil engineering discipline, although there are some within the mechanical and
chemical engineering disciplines [6}. Civil engineers primarily focus on the design of water distribu-.
tion and sewer systems, mechanical engineers tend to focus on air pollution, and chemical engineers
tend to focus on the reduction of wastes generated by industrial facilitics.

With the emergence of new baccalaureate programs in environmental engineering, some prac-
Litioners see this as an opporlunily to elevale environmental engineering graduate courses to levels
that are more state-of-the-art than are presently feasible, given the level of preparation of enter-
ing graduale students from traditional disciplines [5]. The sub-disciplines (i.e. professional ficlds)
within environmental engineering are recognized to be: air quality, water quality, solid waste man-
agement, and industrial hygiene [v]. Within these sub-disciplines are such multi-media specialty
areas as hazardous waste management and wastewater engineering,.

Combined with the strong demand in the marketplace for environmental engineers, it has been
suggested (1] that the strongest argument in favor of increased environmental engineering under-
graduate education is that the great majority (approximately 95%) of the 13.S. level engincers in
the United States are being educated in fields that do not provide a good foundation for further
development, through education or practice, in the environmental engineering field. This concern
is particularly relevant since the National Council of Examiners for Engincering (NCEE) has re-
cently introduced {1993) a separale Fnvironmental Engineering examination for registration as a
professional engineer, which in effect recognizes environmental enginecring as a separate discipline.
Clearly, the baccalaurcate degree in environmental engineering will ultimately become the primary
professional degree for becoming licensed as a practicing environmental engineer.

There secems to be little doubt that graduates with baccalaureate degrees in environmental
engineering will have ample job opportunities {1, 5]. In lact, there are indicalions thal unprece-
dented demand for environmental engineers in the 1990s and beyond is cansing many universitics
Lo increase the curricular presence of environmental engineering at the baccalaurcate level [1].




1.2 Local Perspective

The University of Miami does not currently offer any degrees in environmental engineering, how-
ever Lhere are two programs in the College of Fngineering that ofler aplions in environmental
engineering. Iluvironmental options are oflered within the baccalavreate programs in Mechanical
Fagineering and Civil Engincering, Within the Mechanical Engincering program, the environmen-
tal aption is not a popular high-profile track, say on par with the acrospace option in Mechanical
Engineering and, unlike the acrospace option, students are not enrolled and mentored in the en-
vironmental option from the time they are freshmen. The situation is much different in the Civil
Engineering program, where the environmental option is a popular high-profile option in which
students are enrolted and mentored from the time they are freshomen. The environmental option in
Civil Engincering as a scparate track was adopted by the Department of Civil and Architectural
Engineering in 1992, and immediately began earolling students. A lew students that were already
in the general civil engineering program chose to switch immediately to the the environmental
engineering track, however, the majority of growth in this option has been from new incoming
[reshmen. The enrollment in the environmental engineering option over the last five vears, as well
as the enrollment in the general civil engineering program is shown in Table 1. This table clearly

LTable 1: Enrollment Trends
(Year | Environmental Engrg. | General Civil Engrg. |

1990 0 105
1991 0 104
1992 3 99
1993 10 81
1994 20) 75
19495 est. 30 30

demonstrates the increasing popularity of the existing environmental engineering option in civil
engineering. A superficial look at Table 1 would support the hypothesis that the pool of students
enrolled in the environmental engineering option are being drawn from the civil enginecring pool,
and therefore do not reflect a new pool of students. However, given the new-student enrollment per
year in the civil engineering program during the 1990-1994 period. shown in Table 2, and noting

Table 2: New Student Enrollment,
] Year | Civil Engrg. (non-environmental) i

1990 26
1994 46
1992 a7
1993 13
1994 49

that the environmental engincering enrolhment has come alimost entirely from new freshmen, then
these data indicate that the environmental engineering option is not growing at the expense of the
civil engincering program.

The growth of the envitonmental option demonstrated by the enroliment figures in Table 1 in-
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dicate thal an independent free-standing environmental engincering program is viable, and, besides
allracting the current pool of students who are also interested in civil engineering, this program will
additionally attract those students thal are interested only in environmental engineering, Iufor-
mal polls of students currently in the environmental engineering oplion show thal there is abnost
unanimous support for the development of a baccalaurcale program in environmental engincer-
ing. The proposed environmental engineering program will also be attractive for transler students
from enginecering programs at junior colleges, with the envitonmental engineering degree requiring
approximately two years of additional study.

The issue of accreditation [or any new engineering program is critical. since engincers cannot
be licensed unless Lhey are graduates (rom an accredited engineering program. This consideration
must somchow be accomodated within the reality Lhat engineering programs are not permitted
Lo request accreditation unless they have produced graduates. We realize that it would not be
responsible 1o admil students to a program that is not accredited, since this would limit their
professional opportunities, therefore we are proposing that in the interim period between the en-
vironmental engineering baccalaurcate program being adopted by the University and being put
up for accreditation, we will encourage students Lo do a dual-degree program in which they will
be granted baccalaureate degrees in both civil engineering and environmental engineering in nine
semesters, compared with the eight semesters that it takes to do these degree programs separately.
Students in this dual-degree track will have a fully accredited civil engineering degree and can
become licensed professionals. After approximately three graduating classes, the environmental
engincering baccalaureate program will be put up for accreditation, and then subsequent classes
will be encouraged to pursue this degree as a separate track.

2 Program Requirements for Accreditation

Lngincering programs in the United States are aceredited by the Engineering Accreditation Com-
mission (EAC} of the Accreditation Board for Engincering and Technology (ABET), and many
states require graduation from an accredited engineering program as a prerequisite for becoming a
licensed professional engineer.

Environmental Enginecring programs are accredited at either the Basic Level (undergraduate)
or Advanced Level (graduate}, however, the Engincering Dean’s Council opposes dual accredita-
tion of both undergraduate and graduate programs [5]. Currently, most graduate environmental
engincering programs are not aceredited, and accreditation has been mostly sought at the under-
graduate level. The criteria for ABET acereditation fall into two categories: general criteria and
program-specific criteria; and all accredited programs must meel both sets of criteria. These crite-
ria for ABEI" accreditation of all enginecring programs in the United States are published annually
by ABIIT. The latest requirements may be found in [2, 3]

2.1  Genera! Criteria

The general criteria for accreditation of undergraduate programs fall within the following categories:
(1) Faculty; (2) Curricular Objective; (3) Curricular Content; {4) Student Body; (5) Administra-
tion; (6) Institutional Facilities; and (7) Institutional Commitment. The salient features ol these
reguirements are described in the (ollowing sections,




2.1.1 Faculiy

ABET requires that an undergraduate engineering program have no fewer Lhan three Tull-time-
equivatent, Tacully members. These faculty members must be able 1o demonstrate prolessional
compelence by a variety ol means, such as a reputable publication record, and registration as a
professional engineer.

2.1.2 Curricular Objective

The curricular objective criteria relate 1o the extent to which a program develops the ability to
apply pertinent knowledge to the practice of engineering in an effective an professional manner,
Specific objectives required by ABET are the development of:

I. The capability to delineate and solve in a practical way the problems of society thal are
suseptible to engineering treatment;

2. A sensitivity to the socially-related technical problems which confront the profession;
3. An understanding of the ethical characteristics of the engineering profession and practice;

4. An understanding of the engineer’s responsibility to protect both occupational and public
health and safety; and

5. The ability to maintain professional competence through life-long learning,

These objectives are normally met-by embedding these objectives within the program curricula, or
by providing specific courses fulfill these objectives.

2.1.3 Curricular Content

The carricular content required of all engineering programs is divided into the following three
arcas: (1) Mathematics and Basic Science; (2) Engincering Topics; and (3) Humanities and Social
Sciences. The minimum requirements in these subject arcas, in terms of semester credil hours, are
given in Table 3. Besides fulfilling these numerical guidelines, programs must provide an integrated

Table 3: General ABET Course Requirements for Iingineering Programs

| Subject Type ] Semester Credits Required }

Mathematics and Basic Sciences 32 '
Engineering Topics {Science and Design) 48
Humanities and Social Sciences 16

experience aimed at preparing the graduate to function as an engineer.

Courses in mathematics must include differential and integral calculus, and differential equa-
tions. Additional work is encouraged in one or more of the subjects of probability and statistics,
linear algebra, numerical analysis, and advanced calculus. Courses in the basic sciences must
include general chemistry and calculus-based gencral physics, with at least a two-semester (or
equivatent) sequence of study in either area. Additional work in life sciences. carth sciences, and



advances chemistry or physics may be used to satisly the basic science requirement, as appropriate
for variows engincering disciplines,

Courses in engineering topics include subjects in the engineering sciences and enginecering do-
sign. Fagineering sciences have their roots in mathematics and basic sciences, but carry knowledge
further towards creative application. Such subjects include: ntechanics. thermodynamics, electrical
and electronic circnits, materials seience, transport phenomena, and computer science (other than
computer programming skills). Fngincering design is the process of devising a systenm, component,
or process to meet desired needs. The engineering design component of a curriculum must include
the following features: development of student creativity, use of open-ended problems, develop-
ment and use of modern design theory and methodology, lormulation of design problem statements
and specifications, consideration of alternative solutions, feasibility considerations, produetion pro-
cesses, concurrent engineering design, and detailed systom descriptions. It is also essential to include
a variety of realistic constraints, such as cconomic factors, salety, reliability, acsthetics, ethics, and
social impact.

Courses in the humanities are concerned with man and his culture, while courses in the social
sciences are concerned with individual relationships in and to society, Iixamples of traditional
subjects in these arcas are: philosophy, religions, history, literature, fine arts, sociology, psychology,
potitical science, anthropology, economics, and languages other than English or a student’s native
language. The humanitics and social science courses contained within an engineering program must
provide both breadth and depth, and not limited to the selection of unrelated introductory courses.

Besides meeting the course requirements in mathematics, basic sciences, engineering topics,
social sciences, and humanities, each educational program must include a meaningful, major en-
gineering design experience that builds upon the fundamental concepts covered in these courses.
[Furthermore, cach program must have an appropriate amount of laboratory experience such that
the students develop a competence Lo conduct hands-on experimental work such as that expected
of engineers in Lhe discipline represented by the program. All engineering programs must have an
appropriate amount of computer-based experience, evidenced by a knowledge of the application
and use of digital-computation techniques for specific engineering problems.

2.1.4 Student Body

Student body criteria relate to the admission, retention, and scholastic work of students, and the
records of graduates both in further academic study and in professional practice.

2.1.5 Administration

Administration criteria relate 1o the attitude and policy of the administration of the College of
Iinginecring toward teaching, research, and scholarly production, and the quality of leadership at
all levels of administration of the College.

2.1.86 Institutional Facilities

Institutional facilities criteria stale thal an enginecring program must be supported by adequale
physical facilities, including oflice and classroom space, faboratories, and shop (acilitics suitable for
the scope of the program’s activities, Other ¢riteria relate Lo library and computer facilities.
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2.1.7 Institutional Commitment

Fnstitutional commitment criteria relate to the commitment of the institution, bolh financially and
philosophically, to the engineering program. This commitment is evidenced by the relationship of
the College of ISngincering to the institution as a whole, by the fiscal policy toward and the finan-
cial resources available to the College of lingineering, and by the snitability of facilities including
laboratories, libraries, and computer facilities.

2.2 Program Criteria

Program-specific criteria are requirements {or specilic programs that take precedence over general
program requirements. Tor cach specific engineering program, there is a lead professional society
that is responsible for developing the program-specific requirements. The American Academy of
Iinvironmental Engineers (AABE), sponsored by twelve professional societies including ASCI, is
the lead society in ABET accreditation of Environmental Enginecering programs. Program-specific
accreditation criteria for Environmental Ingineering programs are in the areas ol: (a) faculty
qualifications; and (b} curriculum. These requirements are described in the following sections.

2.2.1 Faculty Qualifications

Program-specific criteria for environmental engineering requires that the majority of the engineer-
ing members of the environmental engineering facully should be registered (licensed) professional
engineers or should be Engineers-in-Training.

2.2.2 Curriculum

ABET currently requires that, as a minimum, at least two areas of environmental engincering must
be provided in the curriculum from amoung the following four areas [2}:

¢ air pollution control enginecring

e water and wastewater engineering

¢ solid and hazardous wastes engineering

¢ cnvironmenial and occupational health engineering

Regarding the engincering design component of the curriculum, a minimum of one-half year of
engineering design is required, and design courses in the environmental engineering program should
emphasize an integrated approach thal considers all environmental media in the prevention and
control of environmental problems. System and facility operation and maintenance should be
stressed in desigh courses.

Regarding the laboratory experience in the environmental engincering curriculum, ABET re-
quires that environmental engineering laboratories provide a relevant experience in the physical.
chemical, and biological sciences. This experience should also include applications to processes
utilized in environmental engineering.
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3 Accredited BSEnE Programs in the United States

There are presently nine ABET accredited baccalaureate degrees titled Bnvironmental Fngineering
(2], these programs are available al the following universitics:

o California Polytechnic State University, San Luis Obispo (Cal Poly)
¢ Northwestern University (Northwestern)

o University of Florida (UF)

¢ Michigan Technological University (Michigan Tech)

o University of Central Florida (UCT)

¢ Montana College of Mincral Science and Technology (Montana Tech)
e New Mexico Institute of Mining and Technology (New Mexico Tech)
o Syracuse University (Syracuse)

¢ Rensselaer Polytechnic Institute (RPI)

It is noteworthy that the programs at the last two Universities were accredited for the first time
between 1992 and 1994,

3.1 California Polytechnic State University (Cal Poly)

At Cal Poly the Environmental Engineering program is administered in the Department of Civil
and Environmental Engineering, and the BSEnE curriculum is shown in Figure 1. Cal Poly is or
the quarier system, and the environmental engineering program requires 210 quarter credits, which
is roughly equivalent to 140 semester credits. According to the 1994-97 Catalog, the enrollment in
the BSEnI program in Fall 1993 was 276 students.

3.2 Northwestern University

At Northwestern University the Environmental Engincering program is an interdisciplinary program
that is administered by a faculty coordinator in the Robert R. McCormick School of Engineering and
Applied Science. The BSEnLE curriculum at Northwestern is shown in Figure 2. The requirernent
for the BSEnE degree consists of 48 courses, and since credits are not assigned to the courses,
the semester-credit equivalent to this curriculum is not clear. However, assuming three credits per
course, this curriculum is probably on the order of 144 semester credits.

3.3 University of Florida

All engincering students at the Universily of I'lorida spend their first two years assigned to the
College of Engineering Lower-Division program. During these two years, engineering students take
courses that are common to all disciplines. After completing the Lower Division program, students
apply Lo the various engineering degree programs in the College. At the University of Florida
the Environmental Engincering program is administered by the Department of Environmental
IEngineering Sciences. The BSEnE curriculum at the University of Florida is shown in Figure 3.
The requirement for the BSEnlS degree is 130 semester credits.
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California Polytechnic State University (Cal Poly)

Credits Total
Mathemalics and Basic Sciences 55
Calculus 16
bifferential Equations 4
Stalistical Methods for Engineers 3
General Chemistry 12
Survey of Organic Chemistry 4
Generat Physics 12
Physiology and Biological Adaptation 4
Engineering Topics 102

Applied Descriptive Geometry

Civil Engineering Fundamentals |

Digital Computer Applications
Engineering Statics

Engineering Dynamics

Strength of Materials

Thermodynamics

Heat Transter

Electric Circuit Theory

Electric Circuit Laboratory

Fundamentals of Transportation Engineering
Fluid Mechanics

ntroduction fo Environmental Engineering
Water Resources Engineering

Hydraulic Syslems Engineering
Hydraulics Laboratory

Groundwater Hydraulics and Hydrology
Water and Wastewater Treatment Design
Water Quality Measurements
Geolechnical Engineering
Thermodynamics of Processes

Mass Transfer Operafions

Advanced System Design

Noise and Vibration Contro!

Automatic Process Control

Envirenmental Air Quality

Air Quality Measurements

Air Pollution Control

Introduction to Hazardous Waster Management
Solid Waste Management.

Senior Project

Technical Electives

MNMAEWWWWWWRNWWWWANWW 2WHLWRAR L WWWOMWWN NN

—

Humanities and Social Sciences 53
Writing: Exposition
Professional Writing
Critical Thinking
Critical Reading Electives
Principles of Economics
American and California Government
History of American Ideals and Institutions
Pubilic Speaking
Philosophical Classics
General Psychology
Modern World History
Electives

WWWWwWwWwWwonwhs i

a—y

Total Program 210

Figure 1: BSEnl Curriculum at Cal Poly, San Luis Obispo
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Northwestern University

Mathematics and Basic Sciences
Calculus
Multiple Integration and Vector Calculus
Sequences & Sreies, Linear Algebra
Elementary Differential Equations
General Chemistry
General Inorganic Chemistry
QOrganic Chemistry
Kinetics & Spectroscopy
General Physical Chemistry
General Physics

Engineering Topics
Mechanics
Thermodynamics
Statistics
Fluid Mechanics |
Electrical Science or Material Science
Systems Engrg. & Analysis or-Computer Sci.
Compuiter Programming
" Sanitary Engineering
Chemistry of the Aquatic Environment
Environmental Inpact Evaluation
Environmenta! Biology
Public Health Engineering
Community Air Pollution
Radiation Health
Engineering Design Course
Engineering Value Analysis
Technical Electives
Unrestricted Electives

Humanities and Social Sciences
Sacial Sciences/Humanities/Communications

Total Program

Courses Total

N —4 — = b ik e e =

m_h_a_L_L_L_L_.L...L_L....s._J....\._L_L_L]\)_.L

Figure 2: BSEnE Curriculum at Northwestern University
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University of Florida

Credits Total
Mathematics and Basic Sciences 34
Analytic Geometry and Calculus 1
Elementary Differential Equations
Engineering Statistics
General Chemistry
Physics with Calculus

WL WwwWwnN

Engineering Topics 72
Computer Programming for Engineers
Computational Methods in Environmental Engrg.
Computer-Assisted Drafting and Design
Engineering Mechanics- Statics
Engineering Mechanics- Dynamics
Materials 1
Elements of Electrical Engineering
Thermodynamics
Hydrodynamics
Hydraulic Systems Design
Water and Wastewater 1
Water and Wastewater 2
Environmental Biology 1
Environmental Biology 2
Environmental Biology Laboratory
Environmental Chemistry of Carbon Compounds
Introduction to Water Chemistry
Elements of Atmospheric Pollution
Air Pollution Control Design
Solid Waste Management
Hazardous Waste Control
Environmental Resources Management
Undergraduate Seminar
Technical Electives

D =N WWWWWN-NONNWWWPELLDLWNWWR»N

—

Humanities and Social Sciences 24
Composition
Literature and the Arts
Historical and Philosophical Studies
Social and Behavioral Sciences

[«)Me) RN e) R o))

Total Program 130

Figure 3: BSES Curriculum at University of Florida
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Table 4: Growth of BSEnE Program at Michigan Tech
I Year | BSEnE Enrollinent | BSCE Enrolliment

1985 - 07
1986 17 350
1987 32 364
1988 54 395
1989 83 408
1990 137 490
1991 ? 440
1992 308 550
1993 ? ?
1994 314 505 (est.)

3.4 Michigan Technological University

Michigan Technological University (Michigan Tech)is a state universily located in Houghton, Michi-
gan. At Michigan Tech the Environmental Engineering program is administered by the Department
of Civil and Environmental Ingineering. The program began in 1986 and the growth in enroll-
ment is shown in Table 4. The BSEnF curriculum at Michigan Tech is shown in Figure 4. The
requirement for the BSEnll degree is 196 quarter credits, which is equivalent to approximately 131
semester credits. Enrollment in the BSEnE program as of Fall 1993 was 300 students.

3.5 University of Central Florida

Al the University of Central Florida (UCTY) the Environmental Engineering program is administered
by the Department of Civil and Environmental Engineering. The BSEnE curricuium at UCFE is

nl
"

shown in Figure 5. The requirement for the BSEnE degree is 132 credits.

3.6 Montana College of Mineral Science and Technology

At the Montana College of Mineral Science and Technology (Montana Tech}, the Environmental
[ingineering program is administered in the College by an Associate Dean of Invironmental Engi-

neering and Natural Sciences. ‘I'he BSEnE curriculum at Montana Tech is shown in Figure 6. The
requitement for the BSEnL degree is 145 credits.

3.7 New Mexico Institute of Mining and Technology

Al the New Mexico Institute of Mining and Technology (New Mexico Techt), the Buvironmental
Iingincering program is administered by the Department of Mineral and Environmental Engineer-
ing. The BSknl curriculum at New Mexico Tech is shown in Iigure 7. The requirement for the
BSEnE defree is 138 credits.

3.8 Syracuse University

At Syracuse University the Environmental Engincering program is administered by a Program
Dircctor in the College of Engineering. The Program is not assigned Lo any particular Department.
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Michigan Technological University

Mathemalics and Basic Sciences

Calcuius and Analytic Geomelry

Introduction to Ordinary Differential Equations
Introductory Statistics with Calculus

General Chemistry

General Chemistry Laboratory

Organic Chemistry: An Overview

General Physics

General Biology |

Basic Science and Mathematics Electives

Engineering Topics

Civil Enginearing Il

Engineering Graphics Using CAD
Elements of Electric Circuits

Statics

Dynamics |

Mechanics of Materials |

Surveying !

introductory Thermodynamics

Intreduction to Environmental Engineering
Hydromechanics

Water-and Wastewater Treatment
Hydrology | or Hydrogeology
Environmenta! and Water Chemistry
Environmental Impact and Protection
Water Distribution and Wastewater Collection
Environmental Microbiology

Solid Waste Management

Industrial Health

Emissions and Air Pollution

Engineering Science and Design Electives

Humanities and Social Sciences

Other

Communications

Humanities Electives

Social Sciences Electives
Upper-Division Thematic Studies

Physical Education Electives
General Electives

Total Program

Credits Total
63
20
3
3
8
2
4
10
4
9
80
3
2
4
4
A
4
4
3
4
5
4
3
4
3
3
4
3
2
3
14
42
12
9
12
9
i1
4
7
196

IFigure A: BSEnLl Curriculum at Michigan Technological University
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University of Central Florida

Credits Total

Mathematics and Basic Sciences 35

Calculus 1

Differential Equations

Probabhility and Statistics for Engineers

Physics for Engineers and Scientists & Lab

Chemistry Fundamentals & Lab

Earth Science Elective
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Engineering Topics 70
Statics
Dynamics
Mechanics of Materials
Principles of Electrical Engineering
Thermodynamics
Materials
Engineering Economics
Engineering Administration
Engineering and the Environment
Fluid Mechanics
Hydrology
Hydraulics
Chemical Processes
Biological Processes
Process Design
Air Pollution
Solid and Hazardous Waste
Technical Elective
Design Elective

-
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Humanities and Social Sciences 27
English Composition
Social Science
Economics
Humanities/History
Oral Communication
Humanities Elective
American Government

WWWoo WwLwom

Total Program 132

Iigure 5: BSEnE Curriculum at University of Central lorida




Montana College of Mineral Science & Technology (Montana Tech)

Credits Total

Mathematics and Basic Sciences 54

Analytical Geomelry and Calculus 1

Elementary Differential Equations

Introduction to Statistical Methods

General Physics & Lab 1

Gieneral Chemistry & Lab

Survey of Organic Chemistry

Survey of Physical Chemistry

Biology Electives

Physical Geology

Ecology

WWOWWwo-—wwod

Engineering Topics 68
Engineering Mechanics- Statics
Engineering Mechanics- Dynamics
Thermodynamics
Introduction to Scientific Programming
Introduction to Environmental Engineering
Environmental Engineering Seminar |
Fluid Mechanics
Fluid Mechanics Lab
Surface Water Engineering
Hydrogeology
Water and Wastewater Treatment
Water Sampling and Analysis
Air Diffusion Modeling
Air Sampling and Analysis
Air Pollution Control Engineering |
Air Pollution Control Engineering |l
industrial Ventilation
Hazardous Waste Engineering
Land Reclamation
Engineering Economy and Financial Mgmt.
Environmental Laws and Regulations
Environmental Design
Engineering or Technical Elective
Engineering Elective
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Humanities and Social Sciences 23
English Composition
Scientific and Technical Writing
Humanities Electives
Social Science Electives
Macroeconomics
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Total Program 145

Figure 6: BSEnE Curviculum at Montana Tech




New Mexico Institute of Mining and Technology (New Mexico Tech)

Credits Total

Mathematics and Basic Sciences 54

Calculus 1

Applied Analysis

Statistics

General Physics & Lab 1

General Chemistry & Lab

Chemistry- Quantitative Analysis

Organic Chemistry

Physical Chemistry

General Biology & Lab

Cell Biology

Microbiclogy
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Engineering Topics 57
Engineering Science
Statics
Thermodynamics
Materials
Electrical Engineering
Soil Mechanics
introduction to Environmental Engineering
Transport Processes
Fluid Mechanics
Water Treatment Process Design
Wastewater Treatment Process Design
Water and Wastewater Laboratory
Groundwater Hydrology
Instrumentation and Process Control
Finite Element Analysis and Design
Air Pollution Engineering |
Air Pollution Engineering Il
Air Pollution Sampling
Solid and Hazardous Waste Engineering
Environmental Law and Regulations
Engineering Economics
Senior Thesis
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Humanities and Social Sciences 27
English
Social Science
Social Science/Humanities
Humanities/Arts
Technical Writing

W dmWwoo

Total Program 138

Figure 7: BSEnlS Curriculum at New Mexico Tech
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The BSEaE curriculum at Syracuse Universily is shown in Figure 8. The requirement for the
BSEnE degree is 131 credits.

3.9 Rensselaer Polytechnic Institute

AL Rensselaer Polytechnic Institute (RP1) the Eavironmental Bngineering program is administered
by the Departiment of Civil and Fnvironmental Eungineering, The BSERL curriculum at RI’1 is
shown in IMigure 9. The requirement for the BSEnE degree is 134 credits.

4 University of Miami BSEnE Curriculum
4.1 Course Requirements

The University of Miami BSEnE program was developed by considering: (a) the curricular content
of existing ABET accredited environmental engineering programs; (b} the courses currently avail-
able and being offered at the University of Miami; and (¢) our vision of the responsibilities and
challenges facing an environmental engineer in the 21 century.

The curricula of accredited environmental engineering programs in the United States have
been reviewed in the previous section, and the common course contents identified. On reviewing
the environmenial courses currently available at the University of Miami, we find that most of
the key environmental enginecring courses are currently being offered within the Department of
Civil and Architectural Engineering, primarily as part of the environmental engineering option
in civil engineering. Other courses that are basic to any environmental engineering program are
found principally in the Department of Mechanical Engineering {air pollution and related courses),
Depariment of Industrial Engineering (industrial hygiene and related courses), and the Departments
of Chemistry and Biology. The conscnsus of the group that developed the environmental engineering
curriculum is that, except for a single course in air pollution that needs 1o be developed, there are
sufficient courses already existing and being offered at the University of Miami to constitute an
accreditable and relevant environmental engineering program.

An important issue that was addressed in developing our environmental engineering program
was the issue that a newly created environmental engineering program will not be accredited until
there are graduates from the program, and that practicing engineers cannot be licensed unless they
arc graduates from an accredited engineering program. This will create a problem for the initial
environmental engineering graduates who complete the program prior to accreditation. We have
addressed this issue by proposing, and recommending, a dual degree program in Fnvironmental
Engineering and Civil Engineering in which students complete the requirements for both degrees
in nine semesters, compared with the eight semesters required for each degree. Clearly, students
will have Lhe option of choosing to pursue these degrees individually, accreditation requirements
notwithstanding,.

4.2  Admission Requirements

Admission Lo the environmental engineering program is the same as for all other programs al the
University of Miami. According to the University of Miami Bulletin, the Committee on Adinission
bases its decision as to the admission of applicants upon evidence that they have the qualifications
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Syracuse University

Credits Total
Mathematics and Basic Sciences 31
Calculus 1
Differential Equations and Matrix Algebra
General Physics & Lab
General Chemistry & Lab

oo Wi

Engineering Topics 73
Introduction to Engrg. and Computer Science
Environmental Engineering i1
Civil/Environmental Engineering Measurements
Electrical Science | & Lab
Thermodynamics
Engineering Materials
Statics
Dynamics
Mechanics of Materials
Soil Mechanics and Foundations |
Environmental Engineering |
Environmental Chemistry and Analysis
Applied Environmental Microbiology
Principles of Fluid Mechanics
Applied Fluid Mechanics
Water Resources
Air Resources
Solid Wastes: Collection and Disposal
Design Elective
Civil and Environmental Engineering Design
Economic Analysis of Large-Scale Projects
Independent Study or Technical Elective
Technical Elective
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Humanities and Social Sciences 27
Writing Studio 9
Introductory Macroeconomics 3
Social Science/Humanities Elective 15

Total Program 131

Figure 8: BSEnl Curriculum at Syracuse University
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Rensselaer Polytechnic institute (RPI)

Credits Total
Mathematics and Basic Sciences 48

Mathematics | & |l 8
Introduction to Differential Equations 4
Modeling and Analysis of Uncertainty 3
Physics | & Il & 1l 12
Chemistry of Materials | & lI 8
Introduction to Organic Chemistry | & 1l 6
Physical Chemistry | 3
Microbiology 4
Engineering Topics 57
Engineering Graphics and CAD 1
Introduction to Engineering Analysis 4
Engineering Processes 1
Material and Energy Balances 3
Engineering Thermodynamics 3
Computer Science | 3
Dynamic Systems 3
l.ab. Intro. to Embedded Control 3
Environmental Engineering Fundamentals 3
Environmental Systems Engineering 3
Fluid Mechanics | 3
Introduction to Applied Hydrology 3
Environmental Engineering Lab. | 2
Environmental Process Design | & I 4
Chemical Process Control 3
Unit Operations 3
Air Pollution 3
Solid and Hazardous Waste Engineering 3
Technical Elective 6
Humanities and Social Sciences 21
Humanities/Social Science Elective 21
Other 8
Free Elective 6
Physical Education or ROTC 2
Total Program 134

Figure 9: BSERE Curriculum al RPI
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deemed necessary for academic success at the University of Miami. Principal factors in the ad-
mission decisions are: (1) secondary school record; (2) scholastic assessment test (SATY, scholastic
assment test T (SAT ), and american college testing program (ACTY); (3) counselor’s evaluation
form; and (4) an essay. Although specific criteria are not given for such measures as high school
grade-point-averages and SAT scores, the College of Engincering has, on average, admilted stu-
deits with the highest average SAT scores at the Universily. Based on cur experience with these
students in our existing engineering programs, we would expect that the pool of students attracted
to our environmental engincering engineering program will be similarly qualified and perform ad-
equately. A similar statement can be made regarding the quality and performance of transfer
students, where it is the policy of the University that only courses passed with a grade of C~ or
better at an aceredited college can be transferred and count towards a degree at the University of
Miami.

4.3 Administration of the Program

The Environmental Iingineering program is to be administered within the Department of Civil and
Architectural Engineering. Concurrent with the implementation of the environmental cngineering
program, it would be appropriate to rename the department as the Depariment of Civil, Architec-
tural, and Invironmental Engineering. However, this is a separate action that is not part of this
proposal.

4.4 TFaculty Resources

There are several faculty within the College of Engineering who specialize in areas that are within
the domain of environmental engineering. Existing faculty within the College of Engineering that
teach environmental engineering courses and are trained in the breadth of environmental special-
ties are primarily found in the Department of Civil and Architectural Engineering, while faculty
with important specializations in environmental and occupational health engineering and air pol-
lution control engineering are found in the departments of Indusirial and Mechanical Engincering
respectively. These faculty are listed in Table 5. It is clear from this listing of laculty that all

Table 5: Environmental Engineering Faculty in the College of Engineering

| Faculty | Rank | Specialization(s) |
Shihab Asfour PProfessor environmental and occupational health
David A. Chin I’rofessor waler and wastewaltor
James D. Englehardt | Asst. Professor | water and wastewater, solid and hazardous wastes
Helena Solo-Gabriele | Asst. Prolessor water and wastewater
Thomas D. Waile Professor water and wastewater, solid and hazardous wastes
Kau-Ful V. Wong Assoc. Professor air pollution control

specializations related to environmental engineering are covered by atl least one full-time faculty in
the College of Engineering. This is important for ownership of courses, a lactor that is critically
important in developing a new program. In addition to these faculty, there will obviously be several
other faculty that teach courses in mathematics, basic science, and the engineering science portions
of thie environmental engineering curriculum.
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4.5 Curriculum

The curricuhon for the Bachelor of Science degree in FEavironmental Engineering is shown in Mgure
L0, As with most engineering programs, the first two vears are taken np with with mathematics and
basic scicnces, along with core engineering science subjects such as mechanics and eleetric cireuits,
The junior and senior years of the program are made up mostly ol engineering design courses
retated Lo the practice of environmental enginecring. The proposed progratn has al least one course
in cach of the major specially arcas of environmental engineering, and an ermphasis on the water
environment. The major specialty courses are: Design of Water Quality Control Systems (CISN
4407, Water Resources Engineering (CEN 430), Solid and Hazardons Waste Iagincering (CIEN
543), Industrial Safety Engineering (1EN 351), and Air Pollution (MEN 520, to be developed). To
support these courses are a laboralory course in Water and Wastlewaler Analysis (CEN 345}, and a
variety ol applied science courses such as BEnvironmental Chemistry (CEN 540), Public Health and
Environmmental Microbiology (CEN 541). Students in the BSEnE program will have the flexibility
to choose Lwo elective courses in environmental engineerng and one Basic Science elective from the
lists shown in Figure 11, These electives will permit the student to take advanced courses in either
water and wastewater engineering (CEN 530, CEN 531, CEN 532}, industrial hygiene (IIEN 558,
[IEN 559), air quality control (MIN 521), or remote sensing and solar energy utilization (MIEN 510,
MEN 530). The list of basic science clectives will provide the student an opportunity of more in-
depth study in biology, chemistry, and the earth sciences, depending on the interests of the student.
The proposed BSEnT currienlum will require 129 credits for graduation, which is fairly typical of
other accredited programs in the College of Engineering. The semester-crodit requirements {or
the proposed BSEnE program are compared with the requirements of other BSEnR programs in
Table 6. Based on these data, it is clear that the eredit requirements for the propased BSEnE

Table 6: Semester-Credil Requirements of BSEnE Programs
I

| Schoaol | Semester-Credits l
Cal Poly 140
Northwestern 144
Univ. of Florida 130
Michigan Tech 131
Univ. of Central Florida 132
Montana Tech 145
New Mexico Tech 138
Syracuse £31
RPI 134 |

degree program are commensurale with the requirements of most aceredited BSERlS Prograims in
the United States.

In the initial stages of implementing the environmental engincering program, students will be
encouraged Lo pursue a dual degree program in civil engineering and environmental engineering.
When the environmental engineering program is accredited, then pursuit of an individual environ-
mental engineering degree will also be encowraged. This approach is dictated by the requirement
that graduation from an accredited degree program is a prerequisite for registration as a professional
engineer. The dual-degree curriculum for students pursuing both the Civil Engineering and Envi-
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Bachelor of Science in Environmental Engineering

Fall Semester

CEN 101
CHM 111
ENG 105
MTH 110

Intro. to Civi¥Env. Engrg.
Principles of Chemistry |
English Composition |
Calculus !

S5/H/A Elective

Fall Semester

CEN 210
CEN 350
MTH 211
PHY 206
PHY 208

Mechanics of Solids |
Transportation Engineering |
Caleculus 1l

Physics ||

Physics Lab |

SS/H/A Elective

Fall Semester

CEN 330
CEN 340
CEN 345
MEN 303
IEN 351

Fluid Mechanics

Intro. to Environmental Engrg.

Water and Waste Analysis
Thermodynamics |
Industtial Safety Engrg.

Fall Semester

CEN 481
CEN 540
CEN 541
CEN 543

Design Project |
Environmental Chemistry

Pub. Health and Enviro. Micro.
Solid and Haz. Wasts Engrg.

SS/H/A Elective
SS/H/A Elective

Freshman Year

Spring Semester

1 CHM 112 Principles of Chemistry Il 4
4 ARC 191 Architectural Graphics 3
3 ENG 107  Writing About Science 3
5 MTH 112 Calculus |l 4
3 PHY 205  Physics | 3
16 17
Sophomore Year
Spring Semester
3 CEN 211 Mechanics of Solids i 3
3 CEN 212 Structural Lab 1
3 EEN 205 Electrical Engineering | 3
3 MTH 311 Ordinary Differential Equations 3
1 PHY 207  Physics Hl 3
3 PHY 209  Physics Lab [l \ 1
16 IEN 311 Probahility and Statistics 3
17
Junior Year
Spring Semester
3 CEN 301  Computer Applications 3
3 CEN 430 Water Resaurces Engineering 3
3 CEN 440 Des. Water Qual. Controt Sys. 3
3 Basic Science Elective 3
3 SS/H/A Elective 3
15 15
Senior Year
Spring Semester
1 MEN 520  Air Poliution 3
3 ENE Elective 3
3 ENE Elective 3
3 CEN 482  Design Project li 2
3 CEN 402  Professionalism and Ethics 3
3 SS/H/A Elective 3
16 17

Figure 10: Environmental Engincering Curriculum




Bachelor of Science in Environmental Engineering

ENE Electives

CEN 530
CEN 531
CEN 5632
IEN 558

IEN 559

MEN 510
MEN 521
MEN 530

Water and Wastewater Engrg.
Engineering Hydrology
Groundwater Engineering
Industrial Hygiene |

industrial Hygiene Il

Sclar Energy Utilization
Exhaust Emission Control
Remote Sensing
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Basic Science Electives

CHM 201
CHM 216
CHM 360
BIL 103

BIL 110

MSC 102
MSC i1
MSC 215
MSC 230
GSC 120

Organic Chemistry |

Chem. Equilibrium & Analysis
Physical Chemistry |
Elementary Ecclogy

General Biology

Intro. to Atmospheric Science
intro. to Marine Science
Chemical Oceanography
Introduction to Marine Biology
Environmental Geology

Figure 11: Environmental Engineering Flectives
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ronmental Engineering degree programs is shown in Figure 12. The following additional courses
must be taken by students in the Fnvironmental Ergineering program Lo satisly the requirements
of ihe Civil Engineering program: Structural Analysis (CIIN 310), Conerete Structures (CRN 320),
Steel Structures (CEN 321), Geotechnical Eagineering 1 & I (CEN 370,C1EN 470), Geotechinical
lingincering Lab (CEN 371), and Transportation lingineering 11 (CEN 450). These courses amount
to 19 credits, and therefore the curricula of both the Civil Engincering and Environmental lingi-
neering programs can be covered in nine semesters, compared with the eight semesters reguired to
complete these programs individually.

[y

4.6 Resources Required

All ol the courses in the environmental engincering curriculum, with the exception of a course
in air pollution control, are presently being offered on a regular basis. Consequently, the faculty
resources necessary Lo offer only the air pollution course must be provided. This course wilt be
offercd annually, and a cost of $4000 per year will be required Lo cover a pari-time facully to either
teach the course, or relieve a full-time faculty member to teach the course.

Additional teaching assistants will not be necessary at this time, since the additional course
required is a lecture course at the 500 level, and is not initially expected to have a level of enrollment
to justily a teaching assistani. Additional support personnel will not be required at this time.
Laboratory facilitics are adequate at this time, however as the program moves into [ull operation it
is expected thatl the operational costs of these laboratories will increase to reflect, the increased usage
that will result from the formal implementation of this program. We anticipate that approximately
88000 per year will be necessary to support a part-time laboratory technician, and around $5000
per year will be required for expendable supplies.

Library support facilities are adequate at this time, because of the significant presence that the
University already has in the Environmental Engineering and Environmental Science arcas.

In summary, implementation of the proposed baccalaureate degree in environmental engineering
will require an initial investment of around $17,000 per year in budgetary support. We view
this level of support as minimal compared with the significant monetary benefits that will accrue
from implementation of this program. For example, at this level of investment, the program will
break even with an enrolliment of only iwo students, who would not otherwise have attended the
University. Clearly, this program can reasonably be expected Lo attract significantly more students
than the break-even number.

4.7 Implementation

The proposed baccalaurcate program in environmental engineering is expected to suhslantially
replace the existing and highly-suceessful environmental option in Civil Engincering. This is not
to say that there is an intention to replace the environmental option in civil engincering, but
that there will probably be overwhelming sentiment on the part of the current students in the
environmental engineering option to switch over to the new dual-degree program in civil and en-
vironmental engineering, and then new students will enter this track directly. After at least three
classes have graduated with the baccalaurcate degree in environmental engineering, this program
will be presented for accreditation. When the program becomes accredited, then the environmental
engineering baccalaureate degree will he free-standing, and incoming students, as well as students




Bachelor of Science in Environmental Engineeting

Bachelor of Science in Civil Engineering

Fall Semester

CEN 101 Intro. o Civi/Env. Engrg.
CHM 11t Principles of Chemistry |
ENG 105  English Composition |
MTH 110  Calculus |

S5/H/A Elective

Fall Semester

CEN 210  Mechanics of Solids |

CEN 350 Transponrtation Engineering |
MTH 211 Calculus Il

PHY 206  Physics |l

PHY 208  Physics Lab |

SS/H/A Elective

Fall Semester

CEN 330 Fluid Mechanics

CEN 340  Intro. to Environmental Engrg.
CEN 345 Waler ard VWaste Analysis
MEN 303 Themmodynamics 1

{EN 351 Industrial Safety Engrg.
CEN 310  Structural Analysis

Fall Semester

CEN 481  Design Project |

CEN 540  Environmental Chemistry
CEN 321  Steel Struciures

CEN 370  Geotechnical Engineering |
CEN 371  Geotechnical Lab

SS/H/A Elective

S5/H/A Elective

MEN 520  Air Pollution

ENE Elective

ENE Elective

CEN 402  Professionalism and Ethics
SS/H/A Elective

freshman Year

Soring Semester
1 CHM 112 Principles of Chemistry [l
4 ARC 191  Architectural Graphics
a ENG 107  Writing About Science
5 MTH 112 Calculus Il
3 PHY 205 Physics |
16
Sophomore Year
Spring Semester
3 CEN 211 Mechanics of Solids 1l
3 CEN 212  Structural Lab
3 EEN 205  Electrical Engineering |
3 MTH 311 Ordinary Ditferential Equations
1 PHY 207 Physics Il
3 PHY 209  Physics Lab II
18 {EN 311 Probability and Statistics
Junior Year
Spring Semesler
3 CEN301 Computer Applications
3 CEN 430  Water Resources Engineering
3 CEN 440  Des. Water Qual. Control Sys.
3 CEN 320 Concrete Structures
3 Basic Science Elactive
3
18
Senior Year
1 CEN 482  Design Project Il
3 CEN 543  Solid and Haz. Waste Engrg.
3 CEN 541 Pub. Health and Enviro. Micro.
3 CEN 470  Geotechnical Engineering !l
1 CEN 450  Transportation Enginsering
3 S5/H/A Elective
3
17
Fifth Year
3
3
3
3
3
15

Figure 12: Dual Degree Program
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in the degree program at that time, will no longer be strongly encouraged Lo pursue a dual-degree
option, and will have greater [reedom to concentrate solely on environmental engineering,

In terms of a time table, we expect that the University will approve the environmental cngi-
neering bacealaurcate program in AY95/96 the implementation will begin in AY96/97. During
AYDG/97 we expect thal the approximately 30 students thal are currently in Lthe envirowmental en-
gineering option will immediately switch to the environmental engincering degree program, thereby
immediately providing students from the Freshiman to Senior level in the new environmental engi-
neering program. ‘The first graduates from this program should then emerge during AY97/98, and
the program would then request acereditation within AY99/00. Just in time lor the 21 century.

5 Conclusion

This proposal has presented our case for the institution of a baccalaureate program in Inviron-
mental Engincering, Lo be administered by the Department of Civil and Architectural Enginecering.
The rationale for this program is that there currently exists significant facully resources and infras-
tructure for this program in the College of Engineering, and the incremental costs associated with
operating this program are far outweighed by the expected benefits. ‘FPhe market for this program
has been demonstrated by the success of the environmental option in Civil Engineering, and the
significant interest of student applicants in the profession of environmental enginecring.

The job market for environmental engineers is significant and growing, and the emergence of en-
vironmental engineering as a professional discipline has recently been formalized by the institution
of a scparate professional registration (license) for environmental engineers. Environmental engi-
neering is a profession that is here to stay, and there is a need in society for well trained engineers
tit this field. This proposal presents a program thal will mecet that need.
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6 - Curricula Vitae of Key Environmental Engineering Faculty

The key environmental engineering faculty who have participated in the development of the pro-
posed environmental engineering program, and will be responsible for continued program develop-
mett are as follows:

o Dr. David A. Chin, Civil Engincering (Committee Chair)
¢ Dr. Thomas D. Waite, Civil Engineering

¢ Dr. James D. Englehardi, Civil Engincering

¢ Dr. Helena Solo-Gabriele, Civil Engineering

¢ Dr. Shihab Asfour, Industrial Engineering

e Dr. Kau-I'ui V. Wong, Mechanical Eugineering

The curricula vitae of the aforementioned faculty are included in this appendix.




DAVID A. CHIN, Ph.D., P.E.
Department of Civil and Architeclural Enginecring
University of Miami
Coral Gables, I'L 33124-0630
Phone: (305)284-3391
Ii-Mail: dehin@ganges.eng.miami.edu

HIGHER EDUCATION
Institulional:

Georgia Institute of Technology, Ph.D.(Civil IEngineering), 1982
California Institute of Technology, M.S.(Civil Engineering), 1978
University of the West Indies, B.5c.(Civil Engincering), 1977

Certification, Licensure:

State of Florida P.IE. No. 36055
EXPERIENCE

Academic:

University of Miami, Professor, Department of Civil and Architectural Engincering, 1994-Present
University of Miami, Chalrman, Department of Civil and Architectural Engineering, 1993-Present

Non-Academic:

United States Geological Survey (Miami, I'L), Project Chiefl, 1988-1989
Harza Engineering Company (Chicago, IL), Hydropower Engineer, 1978-1979
PUBLICATIONS (Last 10 years)

Books and Monographs:

L. Chin, D.AL (1990), *A Method to Estimale Leakage to the Biscayne Aquifer, Dade County,
Ilorida.” U.S. Department of the Interior, United States Geological Survey, Water-Resources
[nvestigation No.90-4135, Tallahassee, I'lorida.

Juried or Referced Journal Articles:

L. Chin, D.A., and S. Zhao (1995). “Evaluation of Evaporation P’an Networks,” Journal of
Irrigation and Drainage Engincering, ASCE, in press.

2. Chin, DAL (1995). “A Scale Model of Multivariate Rainfall Time Series,” Journal of Hydrol-
ogy, Flsevier Science Publishers, Amsterdam, Vol.168, pp.1-15.

3. Chin, DAL, and P.V.K. Chittalura (1994). “Risk Management in Wellhcad Protection,”
Journal of Waler Resources Planning and Managemenl, Vol 120, No.3, Paper No.5337, ASCE,
New York, pp.294-315.

.

. Chin, DAL {1994). *Estimation of Dispersion Coeflicients from Particle Tracks,” Journal of
Fnvironmental Engincering, Vol.120, No.1, ASCI, New York, pp.256-263.
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12.

13.

4.

. Chin, DAL and T. Wang (1992). “An Investigation of the Validity of IMirst-Order Stochastic

Dispersion Theories in Isotropic Porous Media,” Water Resonrces Research, 28(6), 153115412,

Chin, DAL (1991). “Leakage of Clogged Channels that Partially Penctrate Surficial Aquifers,”
Journal of Hydraulic Fngincering, Vol.117, No.1, Paper No. 25707, ASCE, New York, pp.
AG7-188.

- Swain, E.D.and 1D.A. Chin (1990). “A Model of Flow in Open Channel Networks,” Journal

of Iirigation and Drainage Engineering, Vol. 116, No. 4, Paper No. 24959, ASCE, New York,
pp. 937-566.

. Chin, D.A. (1989). “A Diagnostic Model of Dispersion in Porous Media,” Journal of [Iydraulic

Iingineering, Vol. 115, No. 2, Paper No. 23161, ASCE, New York, pp. 210-227,

Chin, D.A. (1989). Discussion of “Shoreline Impact from Ocean Waste Discharges,” by R.C.Y.
Kob, Journal of Hydraulic Engineering, Vol 115, No. 8, ASCE, New York, pp. 1162-1163.

Chin, D.A. (1988). “Spatial Correlation of Hydrologic Time Series,” Journal of Water Re-
sources Planning and Management, Vol. 114, No. 5, Paper No. 28782, ASCE, New York,
pp. 578-593.

Chin, D.A. (1988). “Model of Buoyant Jet-Surface Wave Interaction,” Journal of Waterway
Port Coastal and Ocean Engineering, Vol. 114, No. 3, Paper No. 22452, ASCI, New York,
pp. 331-345,

Chin, D.A. (1987). “Macrodispersion in Stratified Porous Media,” Journal of Hydraulic
Engineering, Vo, 113, No. 10, Paper No. 21916, ASCE, New York, pp. 1343-1358.

Chin, D.A. (1987). “Influence of Surface Waves on Qutfall Dilution,” Journal of Hydraulic
Engineering, Vol. 113, No. 8, Paper No. 21710, ASCE, New York, pp. 1005-1017.

Chin, D.A. (1986). “Istimation of Dispersion Coeflicients in Porous Media,” Journal of
Hydraulic Engineering, Vol. 112, No. 7, Paper No. 20742, ASCE, New York, pp. 591-609.

- Chin, D.A. (1985). “Outfall Dilution: The Role of a Far IField Modal,” Journal of Environ-

mental Engincering, Vol. 111, No. 4, Paper No. 19914, ASCFE, New York, pp. 473-186.

. Chin, D.A., and P.J.W. Roberts (1985). “I'ime Series Modeling of Coastal Currents, Journal

of Waterway Port Coastal and Ocean FEngineering, Vol. 111, No.6, Paper No. 20175, ASCE,
New York, pp. 954-972,

. Chin, D.A., and P.J.W. Roberts (1985). “Model of Dispersion in Coastal Waters.” Journal

of Hydraulic Engincering, Vol. 111, No. [, Paper No. 19411, ASCTE, New York, pp. 12-28.

PROFESSIONAL ORGANIZATIONS

L.
2.
3.

Member, American Society of Civil Engineers
Member, American Geophysical Union

Moember, Water Environment Federation




THOMAS D. WAITE, Ph.D., P.E.
Department of Civil and Architectural Engineering
University of Miami
Coral Gables, FL 33124-0630
Phone: (305)284-3391
I-Mail: twaile@eng. miami.cdu

HIGHER EDUCATION

Institulional:

Harvard University, Ph.D.(Civil Engineering), 1972

Harvard University, S.M. {Civil Engincering), 1971

Northeastern University, M.5.C.E. {Civil Engineering), 1969

Northeastern University, B.5.C.E. (Civil Engineering), 1967

Cerlification, Licensure;

State ol Florida .15, No. 35651

EXPERIENCE

Academic;

University of Miami, Professor, Department of Civil and Architectural Engincering, 1982-Present
University of Miami, Associate Dean, Research and Graduate Studies, 1994-Present
Non-Academic:

High Voltage Environmental Applications, Inc. (Miami, FL), President, 1990-Present
David Taylor Naval Ship R & D Center, Research Engineer, 1985-1986
PUBLICATIONS (Last 10 years)

Books and Monographs:

L. Waite, 1D, (1986). "Disinfection of Wastewater Iffluents and Sludge: State-of-the-Art and

Rescarch Needs.” Editor. Proceedings of a National Science Foundation Workshop, Miami,
Florida.

Juried or Refereed Journal Ariicles

1. Kuruez, C.N., T'.D. Waite, W.J. Cooper, and M.G. Nickelsen (1995). “Impirical Models for
Isstimating the Destruction of Toxic Organic Compounds Utilizing Electron Beam Irradiation
at Full Scale,” Radiation Physics and Chemistry, in press.

2. Kurucz, C.N., T.D. Waite, and W.J. Cooper (1995). “The Miami Electron Beam Research
facility: A Large Scale Wastewater Treatment Application,” Radiation physics and Chemistry,
in press.

3. Cooper, W.J., M. Nickelsen, D. Meacham, K. Lin, T.D. Waite, and C.N. Kurucz (1995).
“Iffect of Solids on the removal of Toxic Organic Compounds in Aqueous Solution Using
High Energy Electron Beam Irradiation,” Chemistry for the Protection of the Environment,
Flsevier Press, in press,




4.

9.

10.

11,

12,

Wang, 1., T.D. Waite, C.N. Kuruez, and W.J. Cooper (1994). “Oxidant Reduction and
Biodegradability Improvement of paper Mill Effluent by Irradiation,” Waler research, Vol.28,
No.l, pp.237-241.

. Nickelsen, M.G., W.J. Cooper, K. Lin, C.N. Kurucz, and T.1), Waite (1994). “High Encrgy

Electron Beam Generation of oxidants for the Treatment of Benzene and Toluene in the
Presence of Radical Scavengers,” Water Research, Vol.28, pp.1227-1237.

. Cooper, W.J., 5. Cadavid, M.G. Nickelsen, K. Lin, C.N. Kurucz, and T.1). Waite (1993). “Re-

moving TlIMs rom Drinking Water Using High-linergy Electron-heam Irradiation,” Journal
American Water Works Associalion, Vol.85, No.9, pp.106-112,

. Cooper, W.J., D.E. Meacham, M.G. Nickensen, K. Lin, D.B. Ford, C.N. Kurucz, and I'.D.

Waite (1993). “The Removal of Tri(’T'CE} and Tetrachloroethylene (PCE) from Aqueous So-
lution Using High-Energy Electrons,” Journal of the Air and Waste Management Association,
Vol.43, pp.1358-1366.

. Cooper, W.J., M.G. Nickelsen, D.E. Meacham, T.D. Waite, and C.N. Kurucz (1992). “High

Energy Electron Beam Irradiation: An Advanced Oxidation Process for the Treatment of
Aqueous Based Organic Hazardous Wastes,” Water Pollution Rescarch Journal Canada,
Vol.27, pp.69-95.

Faroogq, 5., C. Kurucz, T.D. Waite, W.J. Cooper, W. Mane, and J. Greenfield (1993). “Dis-
infection of Wastewater: High Energy Electrons vs. Gamma Irradiation,” Water Rescarch,
Vol.27, 1993,

Swinwood, J., E. Bryan, D. Carlson, T.D. Waite, J. hare, and P. Kruger (1992). “Radia-
tion Energy Treatment of water, Wastewater and Sludge, Stale of the Art,” Environmental
Iingineering Division, ASCE, Publication No.IFBNO-87262-901-S.

Kurucz, C.N., T.1). Waite, W.J. Cooper, and M. Nickelsen (1992). “Treatment of hazardous
Industrial Wastewater and Contaminated Groundwater Using Electron Beam Irradiation,”
Chemistry for the Protection of the Environment, Llsevier Press, New York.

Nickelsen, M., W.J. Cooper, C.N. Kurucz, and T.D. Waite (1992). “Removal of Benzenc
and Selected Alkyl Substituted Benzenes from Aqucous Solution Utilizing Continuous High
Energy Flectron Irradiation,” Lnvironmental Science & Technology,” Vol.26.

. Cooper, W., M. Nickelsen, D. Meacham, T Waite, and C. Kurucz (1992). “High Energy Elec-

tron Beam Irradiation: An Innovative Process for the Treatment of Aqueous Based Organic
hazardous Wastes,” Journal of Environmental Science & Health, Vol.A27, No.1.

. Kuruez, C., T. Waite, W. Cooper, and M. Nickelsen (1991). “High Enerpgy Flectron Beam

[rradiation of water, Wastewater, and Sludge,” Advances in Nuclear Science and Technology,
Vol.22, J. Lewins and M. Becker, Editors, Plenum press.

. Waite, T.D., W.J. Cooper, and C.N. Kurucz (1991). “Full Scale Treatment of Wastewater

Efftuent with High Energy Electrons,” Chemistry for the Protection of the Environment,
litsevier Press, New York.




16.

17.

Al-Hoti, B., T.D. Waite, and W. Chow {1990). “Development and Calibration of a Model
for Predicting Optimum Chlorination Scenarios for Biofouling Control,” Water Chlornation
Chemistry, Fnvironmental Impact and health Effects,” Vol.6, Lewis Publishers.

Platon, M., and 'T.D. Waite (1985). “A Predictive Model for Lthe Destruction of Biofilms with

Chlorine,” Water Chlorination, Environmental Tmpact and Health Effects, Edited by R.L.
Jolley, Ann Arbor Science Publ.
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JAMES D. ENGLEHARDT, Ph.D., P.I5,
Department of Civil and Architectural Engincering
Universily of Miami
Coral Gables, F'T, 33124-0630
Phone: (305)284-3391
I5-Mail: jengleha@eng.miami.cdu

HIGHER EDUCATION
Instilutional

University of California, Davis, Ph.D.(Civil/Environmental Engincering), 1992
Cotorado State University, M.5.(Agricultural/Finvironmental Engincering), 1983
University of Pittsburgh, B.S.(Chemistry), 1976

Certification, Licensure:

State of Ilorida P.I5. No. 48821
EXPERIENCE

Academic:

University of Miami, Assistant Professor, Department of Civil and Architectural Bngineering, 1992-
Present

Non-Academic:

Manville Corporation (Denver, CO), Rescarch Fngineer, 1983-1987
Western Filter Company (Denver, CO), Laboratory Supervisor, 1978 - 1980

PUBLICATIONS (Last 10 years)

Juried or Refereed Journal Articles:

1. Englehardt, J.D., and C. Peng (1995). “A bayesian Benefit-Risk Analysis Model Applied to
the South IFlorida Building Code,” Risk Analysis, in press,

2. Englehardt, J.D. (1995). “Predicting Incident Size from Limited Information,” Journal of
Environmental Engineering, Vol.121, No.6, ASCE, New York, pp.455-464.

3. Englehardt, J.D. (1994). “Identifying Promising Hazardous Waste Reduction Technologies,”
Journal of Environmental Engineering, Vol.120, No.3, ASCL, New York, pp.513-526.

4. Englehardt, J.D. (1993). “Pollution Prevention Technologies: A Review and Classification,”
Journal of Hazardous Materials, Vol.35, No.1, pp.119-150.

o

. Englehart, J.D., and J.R. Lund (1992). “Informatlion Theory in Risk Analysis,” Journal of
Environmental Engineering, Vol. 118, No.G, ASCE, New York, pp.890-904.

G. Bnglehardt. J.D,, and J.R. Lund (1990). “Economic Analvsis of Recyeling for Small Municipal
Waste Collectors,” Journal of Resource Management and Technology, Vol .8, No.2, pp.84-86.
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7. Englehardt, J.D., and R.C. Ward (1986). “Operation and Maintenance Requirements for
Small-Flow Treatment Systems,” Journal Water Pellution Control Federation, Vol.58, No.10,
pp.967-971,

PROFESSIONAL ORGANIZATIONS
L. Member, American Society of Civil Engincers
2. Member, Association of Bovironmental Ingineering Professors

3. Member, Water Iinvironment Federation
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HELENA SOLO-GABRIELE, Ph.D.
Depariment of Civil and Architectural IEngincering
University of Miami
Coral Gables, I'L 33124-0630
Phone: (305)284-3391
I-Mail: hmsolo@eng.miami.cdu

HIGHER EDUCATION

Institutional:

Massachusetts Institute of Technology, Ph.D.(Civil/Environmental Engineering), 1995
University of Miami, M.5.(Civil Engineering), 1988
University of Miami, B.S.(Civil Iingineering), 1987

EXPERIENCE
Academic:

University of Miami, Assistant Professor, Department of Civil and Architectural Engineering, 1995-
Present

Non-Academic:
ITazen and Sawyer, P.C. (Miami, I'L), Environmental Engineer, 1989-1990
PUBLICATIONS (Last 10 years)

Juried or Refereed Journal Articles:

1. Solo-Gabriele, ., and F.X. Perkins (1995). “Metal Transport within a Small Anthropogeni-
cally Contaminated Watershed: Part 1. Mechanisms Describing the Variability of Streamflow
and Suspended Sediments,” Water Resources Research, in review.

2. Solo-Gabricle, H., and I".E. Perkins (1995). “Metal Transport within a Small Anthropogeni-
cally Contaminated Watershed: Part 2. Mechanisms Describing the Variability of Metals,”
Water Resources Research, in review.,

3. Solo-Gabriele, H., and I, Perkins (1995). “A Watershed-Specific Model for Streamflow,
Sediment, and Metal Transport,” Journal of Environmental Engineering, in review.

PROFESSIONAL ORGANIZATIONS
1. Member, American Socicty of Civil Engineers
2. Member, American Geophysical Union
3. Member, Water Environmenl l'ederation
4. Member, American Water Works Association

Member, International Association for Sediment Water Science
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SHIHAB S. ASFOUR, Ph.D.
Department of Industrial Fngineering
University of Miami
Cloral Gables, I'L 33124
Phone: (306)284-2344
I-Mail: sasfour@eng.miami.cdu

HIGHER EDUCATION
Institutional:

Texas Tech University, Ph.D.(Industrial Engincering), 1980
Alexandria University, M.S.(Production Engineering), 1976
Alexandria University, B.S.(Production Engineering), 1973

Cerlificalion, Licensure:

Certified Manufacturing Technologist, 1987

EXPERIENCE

Academic:

University of Miami. Professor, Department of Industrial Engineering, 1988-1resent
PUBLICATIONS (Last 10 years)

Books and Monographs:

1. Asfour, 5.5. (1987). “Trends in Ergonomics/Human Factors IV-A” Editor, Elsevier Science
Publishers, Amsterdam, 574 pages,

2. Asfour, S.5. (1987). “Trends in Ergonomics/Human Factors IV-B,” Iditor, Elsevier Science
Publishers, Amsterdaim, 562 pages.

3. Karwowski, W., A.M. Genaidy, and S.S. Asfour (1990). “Computer Aided Frgonomics,”
Taylor & Prancis, London, 570 pages.

Juried or Referced Journal Articles:

. Degani, A., §.S. Asfour, S.M. Waly, and J.G. Kosy (1993). “A Comparative Study of T'wo
Shovel Designs.” Applied Ergonomics, Vol.24, No.5, pp.306-312.

2. Boubekri, N., M.H. Schneider, and 5.5, Asfour (1992). “Effccts of Some Machining Variables
in Lathe facing Using a Profilomeier 1o Measure Surface Roughness,” Quality Fngincering.
Vol.h, No.2, pp.243-253.

3. Khalil, T.M., §.5. Asfour, L.V, Martinez, S.M. Waly, R.5. Rosomofl, and 1[.I.. Rosomoll
(1992). “Streching in the Rehabilitation of Low Back Pain patients,” Spine, Vol.17, No.3,
pp.411-317.

4. Genaldy, A.M.. 8.5, Asfour, A. Mital, and S.M. Waly (1990). “Pshchophysical Models for
manual Lifting Tasks,” Applied FErgonomics, Vol.21, No.4, pp.295-303.
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9.

10,

11,

13.

E4.

16.

17.

18,

19.

- Aslour, 5.5, S.M. Waly, and M.W. Fahmy (1991). “A Two-Dimensionat Compulerized

Biomechanical Model,” Computers in Industrial Engineering, Vol .21, No.1/4, pp.601-605.

Aslour, 5.5., and M. Tritar (1991), “Endurance Time and Physiological Responses tp 'ro-
longed Arm Lifting,” Irgonomics, Vol.34, No.3, pp.335-342.

. Genaidy, A.M., T"M. Khalil, S.5. Asfour, and R.C. Duncan (1990). “Human Physiological

Capabilities for Prolonged Manual Lifting Tasks,” 1115 Transactions, Vol.22, No.3, pp.270-280.

. Asfour, 5.5, T'M. Khalil, 5.M. Waly, M.L. Goldberg, R.5. Rosomoll, and 11.L. Rosomoff

(1990). “Biofeedback in back Muscle Strengthening,” Spine, Vol.15, No.G, pp.510-513.

Genaidy, A.M., and 5.5, Asfour (1989). “Iiffects of Frequency and Load of Lift on Endurance
Time,” Ergonomics, Vol.32, No.1, pp.51-57.

Abdel-Moty, I, T.M. Khalil, §.5. Asfour, R.S. Rosomoft, and H.L. Rosomoll (1088). “Func-
tional Electrical Stimulation for the Restoration of Muscle Function in Low Back Pain Pa-
tients,” Pain anagement, pp.258-263.

Khalil, T.M., 5.5. Asfour, E. Abdel-Moty, R.N. Rosomofl, and H. Rosomofl (1988). “Iir-
gonomics Contributions to Low Back Pain Rehabilitation,” Pain Management, pp.225-230.

. Aslour, 5.5, 5.M. Waly, A.M. Genaidy, and R.M. Gonzalez {1988). “Physiological Stresses

Associated with Television Camera Operator Tasks,” Applied Ergonomics, Vol.19, No.4,
pp.275-280.

Genaidy, A.M., Asfour, 5.5., A. Mital, and M. Tritar (1988). “Psychophysical Capacity
Modeling in Frequent Manual Material Handling Activities,” Human I“actors, Vol.30, No.3,
pp.319-337.

Aslour, S.5., A.M. Genaidy, and A. Mital (1988). “Physiological Guidelines for the Design
of Manual Lifting and Lowering Tasks: The State of the Art,” American Industrial Hygiene
Association Journal, Vol.49, No.4, pp.150-160.

. Khalil, T.M., E. Abdel-Moty, S.S. Aslour, D.A. Fishbain, R.S. Rosornoll, and H.L. Rosomoll

(1988). “Iunctional Electric Stimulation in the Reversal of Conversion Disorder Paralysis,”
Archives of Physical Medicine and Rehabilitation, Vol.69, No.7, pp.545-517.

Kabuka, M., A.M. Genaidy, and 5.5. Asfour (1988). “A Knowledge-Based System for the
design of Manual Material handling,” Applied Ergonomics, Vol.19. No.2, pp.147-155.

Khalil, T.M., 5.M. Waly, A.M. Genaidy, and 5.5, Asfour (1987). “Determination of lifting
Abilities: A Comparative Study of Four Techniques,” American Industrial Hygiene Associa-
tion Journal, Vol.48, No.12, pp.951-956,

Genaidy, A M., and 5.5. Asfour (1987). “Review and Evaluation of Physiological Cost Pre-
diction Models for Manual Materials Handling,” Human factors, Vol.29. No.d, pp.465-476.

Genaidy, A M., 5.5. Asfour, and T-M. Khalit (1987). “An On-Line Microcompulter-Based
Cardiac Monitoring System,” International Journal of Industrial INconomics, Vol.1, No.4,
pp.273-283,
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22,

23.

24,

Asfour, 5.5., AM. Genaidy, and T.M. Khalil (1987). “An On-Line Microcomputer-Based
Metabolic Monitoring System,” International Journal of Industrial Fconomics, Vol.1, No.3,
pp l6Y-177.

Khalil, ‘.M., M.L. Goldberg, §.5. Asfour, IZ. Moty, R.S. Rosomofl, and 1.1, Rosomoft (1987},
Acceplable maximum Effort (AME): A Psychophysical Measure of Strength in Back Pain
Patients,” Spine, Vol.12, Nod, pp.372-376.

Asfour, S.S., A.M. Genaidy, T.M. Khalil, and §. Muthuswaimy (1986). “Physiologic Responses

to Static, Dynamic and Combines Work,” American Industrial hygiene Association Journal,
VolA7, No.12, pp.798-802.

Khalil, T.M., §.5. Asfour, S.M. Waly, L. Melean, and H.L. Rosomoff (1986). “Iiffects of Low
Back Pain Rehabilitation Program on Muscle Functional Abilities,” Journal of Biomechanics,
Vol.19, No.6, pp.467.

Khalil, T.M., A.M. Genaidy, S.S. Asfour, and T. Vinciguerra (1985). “Physiological Limits
in Lifting,” American Industrial Hygiene Association Journal, Vol.d6, No.4, pp.220-224.

PROFESSIONAL ORGANIZATIONS

. Member, Ergonomics Rescarch Society

. Member, Human Factors Soclety

Member, International Foundation for Industrial Economics and Safety Research

. Member, Institute of Industrial Engineers

. Member, Society of Manufacturing Engineers

42




KAU-FUI VINCENT WONG, Ph.D., P.E.
Department of Mechanical Engineering
University of Miami
Coral Gables, I'[, 33124
Phone: (305)284-2571
I-Mail: kwong@eng.miami.edu

HIGHER EDUCATION

fnstitutional:

Case Western Reserve University, Ph.D.(Mechanical/Aerospace Enginecring), 1977
Case Western Reserve University, M.S.(Mechanical lngincering), 1975
University of Malaya, B.S.(Mechanical Engineering), 1973

Certification, Licensure:
State of Florida 1.1,
EXPERIENCE

Academic:

University of Miami, Associate Professor, Department of Mechanical Engineering, 1983 Present

Non-Academic:

National Elect. Board (Malaysia), Research/Generation Planning Engineer, 1976-1979

PUBLICATIONS (Last 10 years)

Books and Monographs:

L.

Wong, K.V. (1991). “Proceedings of Waste to Energy Workshop,” Editor, Tallahassee,
Florida.

Juried or Refereed Journal Articles;

1.

G

Wong, K.V., and D. Guerrero (1995). “Quantitative Analysis of Shoreline Protection by
Boom Arrangements,” Spill Science and Lechnology Bulletin, Vol.2, No. 1.

. Brown, D., and K.V. Wong (1995). “A Knowledge-Based System for Residential Energy

Conservation in a Sub-Tropical Climate,” Computers in Education.

. Wong, K.V, and N, Paradiso (1995). “A Decision Support System to Assist in Selecting a

Chemical Oil Spill Dispersant,” Computers in Education, Jan-March.

. Wong, IX.V,, R. Narasimhan, R. Kashyap, and J. ['u (1994). “Medical Waste Characterization

and Front-End Analysis,” Journal of Environmental Health, July/August.

. Wong, K.V., and Y. Zhu (1991). “Using a Combustion Ixpert System to Help Combat Qil

Spills,” Computers in Education, Vol.XIV, No.4.

Zhang, L., and K.V. Wong (1994). “Iixpert System for Cryogenic Piping Systems,” ASHRAE
Transactions, Vol.100, Part 2.
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0.

I

13.

L4,

16.

17.

18.

19.

20.

21,

MiHer, M., and K.V. Wong (1993). “Prediction of Vulnerable Zones for Reactive Substances,”
Journal of Environmental llealth, October.

Rashid, A., and K.V. Wong (1992). “Computer- Aided Modelling of Heterogencous, Two-
Dimensional, Ground-Water System,” Computers & Geosciences, Vol.18, No.9,

. Rashid, A., and K.V. Wong {1992). “A Neural Network Approach to the Determination

of Aquifer Parameters by the Type-Curve Matching Method,” Journal of Ground Water,
March- April.

Gill, G, and K.V. Wong (1991). “Passtve Solar Design for Windows Using a Neural Network,”
ASHRALE Transactions, Vol.97, Part 2,

Wong, IV, and Z. Niu (1991). “Thermodynamic Optimization of the Boiler and Turbine
with Condenser,” ASHRAE Transactions, Vol.97, Part 2.

- Wong, K.V., and Z. Niu (1991). “User-Modifiable llcat Exchanger Expert System,” ASHRAE

Transaclions, Vol.97, Part 2.

Wong, K.V. (1990). “Innovation in the Senior Fluids and Thermal Sciences laboratory,”
ASME Curriculum Innovation Paper.

Ferrano, I., and K.V. Wong (1990). “Prediction of Thermal Storage Loads Using a Neural
Network,” ASITRAF, Transactions, Vol 96, Part 2. ‘

. Ding, Y., and K.V. Wong (1990). “Control of a Simulated Dual Temperature Hydronic

System Using a Neural Network Approach,” ASHRAI Transactions, Vol.96, Part 2.

Wong, K.V, and ¥. Ferrano (1990). “Availability-Based Computer Management of a Cold
Thermal Storage System,” ASHRAE Transactions, Vol.96, Part 1.

K.V. Wong (1990). “Easy Referencing in Mechanical Engineering Topics,” Computers in
Education, Vol. X, No.3.

Wong, K.V., and A. Rashid (1990). “A Mathematics Consultant for Engineering Undergrad-
uates,” Computers in Education, Vol.X, No.d.

Wong, K.V., and D. Houston (1988). “Software System Design for Surface water permitting,”
International Journal of Applied Engineering I’ducation, Vol.4, No.3.

Wong, K.V. (1988). “Three shells Used for Hydrocarbon Identification in Engincering,”
Computers in Educalion, Vol.VIII, No.1.

Sengupta, S., K.V. Wong, N.L. Nemerow, H.P. Gerrish, E. Daly, and A. Tilles (1987). “An
Environmental Characterization Study of a Proof-of-Concept Municipal Solid waste Digestion
Plant: Pompano Beach, Fiorida,” Conservation and Recycling, Vol.10, No .4, pp.281-298.

Wong, ICV., G Yel, and E. Davis (1987). “Predictive Application of a ORNL Geohydrology
Model,” Journal of Ground Water, Vol.25, No.3.
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23. Wong, K.V, and G. yeh (1986). “IMield Validation of the Contaminant ‘Lransport Model,
FEMA,” Journal of Applied Mathematical Modelling, Vol.3, June.

24. Wong, K.V., Gi. Yeh, and E. Davis {1985). “Pield Validation of the Geohydrology Simutation
Model FISWA,” Journal of Applied Mathematical Modelling,” Vol.9.

PROFESSIONAL ORGANIZATIONS
l. Member, American Society of Mechanical Engincers
2. Member, Water Environment Federation

3. Member, Air and Waste Management Association

4, Member, ATAA
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UNIVERSITY OF

FACULTY SENATE

MEMORANDUM

To: Dr. David Chin
Chair, Department of Civil and Architectural Engineering

From: Kamal Yacoub WM
Chair, Faculty Senate
Date: November 7, 1995

Subject: Proposed New Degree Program in Environmental Engineering

Attached is the report from the Faculty Senate Ad-hoc Committee reviewing the
proposal submitted by your department for a new degree program in
Environmental Engineering. As you see, the report is favorable and
complimentary. However, it does raise one question concerning the lack of a
computer programming course in the proposed curriculum.

I look forward to receiving your response to the Committee’s query. After
receiving your response, I will schedule your proposal on the Faculty Senate
agenda. Please note that the agenda for the November 27 meeting and all
attachments need to be mailed no later than November 20, 1993,

KY/ca
attachment

ce: Dean Lewis Temares
Prof. Michael Gaines
Prof. James Nearing
Prof. Jerome Catz

c:\doc\yacoub\11-7-95.chn

325 Ashe-Admin. Bldg.
Coral Gables, Florida 331244634
305-284-3721
Fax 305-284-5515
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Date: September 29, 1995

To; Kamal Yacoub, Chairman
Faculty Senate

From: M. Lewis Temares, Dea W/

College of Engineering

Subject:  New Baccalaureale Degree Program

Attached is a propoesal for a new baccalaureate degree program in the College of En-
gineering, Bachelor of Science in Environmental Engineering. This proposal was approved
unanimously by the Faculty of the College of Engineering on 27 Septerber, 1995,

1 fully endorse this proposal, including the proposed annual budget of $17,000. Please
jnitiate the process of Faculty Senate consideration of thie new degree prograim., In addition,
becauge of the importance of this new degree program to the Strategic Plan of the College of
Bogineering, and the necessity of promoting this program in our Spring recruiting activities,
T request early agproval of this program. It is highly desirable that this program be approved
in time to be published in the AY96 University Bulletin.

The new Environmental Engineering program is to be administered by the Department
of Civil and Architectural Engineering, and Dr. David A. Chin is the department Chair.
Please contact Dr. Chin with any questions on the proposed degree program, and for follow-
up action ipn responseé to the Senate requests for any additional materials, Thaok you in
advance for your efforts on out behalf,

cc: Dr David A. Chin, Chairman, Department of Civil and Architectural Engineering
Dr. Samuel §. Lee, Associate Dean
Dr. Thomas D. Waite, Associate Dean for Research and Graduate Studies

M? ﬂ__/q%i"wd _ College of Bnglaeesing

Office of the De¢an
P.0.Box 248294
Coral Gables, Florida $3124-0620
Phope: 305-284-6035
Fax; 305-284-3613




