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Supplemental Material for Classroom Use

Several of the classroom exercises in this book require supplemental software, instructions and
directions, and data sets. These are provided as free downloads from the ASCE Library at
http://dx.doi.org/10.1061/9780784412879.fm. Each download is a zipped file with the materials
necessary for a particular chapter:

Chapter 2—MACRO 2004 software and data
Chapter 3—lowa Flood Damage data spreadsheet

Chapter 5—Bacteria Loading Estimator Spreadsheet Tool (BLEST v. 2.5) and TMDL solution in
dry weather

Chapter 6—HEC-ResPRM Prescriptive Reservoir Model and Lake Superior Data
Chapter 7—Oasis with OCL software manual and access

Chapter 8—Storm Water Investment Strategy Evaluation (StormWISE) calculation sheet
Chapter 9—WeberOgden WEAP Lab and Weber Reservoir data spreadsheet

End-User License Agreement for
Water Resources Systems Analysis through Case Studies

NOTICE: The accompanying software and content package (“Product”) is licensed to you by
ASCE under the terms set forth in this End-User License Agreement (“License Agreement”) and
is conditioned upon your acceptance of, and compliance with, these terms. Please read this
License Agreement carefully before downloading and unzipping the software, as your
downloading the software will indicate your agreement to all terms contained herein.

LICENSE AGREEMENT

This Product is owned by the American Society of Civil Engineers (ASCE) and its licensors. Your
right to use the Product is governed by the terms and conditions of this agreement. No other use
of the Product is permitted without express written authorization from ASCE.

LICENSE: Throughout this License Agreement, “you” shall mean either the individual or the entity
whose agent downloads the software. You are granted a limited, nonexclusive, and
nontransferable license to use the Product subject to the following terms: (i) The Product may
only be used on a single computer (i.e., a single CPU). (ii) You may make one copy of the
Product for back-up purposes only and you must maintain an accurate record as to the location of
the back-up at all times.

COPYRIGHT, RESTRICTIONS ON USE, AND TRANSFER: All rights (including copyright) in and
to the Product are owned by ASCE and its licensors. You may not decompile, modify, reproduce,
create derivative works, transmit, distribute, sublicense, store in a database, rent or transfer the
Product, or any portion thereof, in any form or by any means (including electronically or
otherwise) except as expressly provided for in this License Agreement. You must reproduce the
copyright notices, trademark notices, and logos of ASCE and its licensors that appear on the
Product on the back-up copy of the Product which you are permitted to make hereunder. All other
rights in the Product not expressly granted herein are reserved by ASCE and its licensors.
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TERM: This License Agreement is effective until terminated. It will terminate if you fail to comply
with any term or condition of this License Agreement. Upon termination, you are obliged to return
to ASCE the Product together with all copies thereof and to purge all copies of the Product
included in any and all servers and computer facilities.

DISCLAIMER OF WARRANTY: This Product is provided to you on an “as is” basis. ASCE and
its licensors make no representation as to results to be obtained by any person or entity from use
of the Product and/or any information or data included therein. ASCE and its licensors expressly
disclaim all warranties, express or implied, in and to the Product including without limitation any
warranties of merchantability or fitness for a particular purpose or use. Neither ASCE nor its
licensors warrant that the functions contained in the product will meet your requirements or that
the operation of the product will be uninterrupted or error free. You assume the entire risk with
respect to the quality and performance of the Product or your reliance on any information
contained or provided therein. This Product is provided to you subject to the understanding that
ASCE and its licensors are not engaged in providing engineering or other professional services. If
such services are required, the assistance of an appropriate professional should be sought.

LIMITATION OF LIABILITY: Neither ASCE nor its licensors shall be liable for any direct, indirect,
special, or consequential damages, (including, but not limited to, breach of express or implied
contract; loss of use, data or profits; business interruption; or damage to any equipment, software
and/or data files), however caused and on any legal theory of liability, whether for contract, tort,
strict liability, or a combination thereof (including negligence or otherwise) arising in any way out
of the direct or indirect use of the Product, even if advised of the possibility of such risk and
potential damage. This limitation of liability shall apply to any claim or cause whatsoever whether
such claim or cause arises in contract, tort, or otherwise. Some states do not allow the exclusion
or limitation of indirect, special or consequential damages, so the above limitation may not apply
to you.

U.S. GOVERNMENT END USER RESTRICTED RIGHTS: Any software included in the Product
is provided with restricted rights subject to subparagraphs (c) (1) and (2) of the Commercial
Computer Software-Restricted Rights clause at 48 C.F.R. 52.227-19. The terms of this
Agreement applicable to the use of the data in the Product are those under which the data are
generally made available to the general public by ASCE. Except as provided herein, no
reproduction, use, or disclosure rights are granted with respect to the Product or any data therein
and no right to modify or create derivative works from the Product or any such data is hereby
granted.

GENERAL: The agreement will be governed by the laws of the Commonwealth of Virginia.

Copyright © 2013 by the American Society of Civil Engineers.
All Rights Reserved.
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Preface

The motivation for compiling case studies of systems analysis applications in
environmental and water resources engineering comes mainly from my personal
experience in teaching a course on this topic to graduate and upper level
undergraduate students. Because my course notes—based closely on related courses I
had as a student—and the textbooks I’ve used tend to focus heavily on methods and
algorithms, interspersed with simple examples, students have often wondered why
they needed to know so much “theory”, and whether or not these techniques were
actually used in the “real world.” Then, as I searched for examples of real world
applications, I found very few for which sufficient information was readily available
and accessible to students (at least enough to “convince” them of the usefulness of
systems analysis). As my next tack, I then set off to develop some case studies on my
own, but again my progress stalled as I realized how difficult and time-consuming it
can be to develop good case studies.

I soon learned that instructors at other universities faced similar challenges. Many felt
their courses could be improved with more focus on applications. Some had a few
case studies that they used in teaching, but they wished they had more. All agreed
they lacked the time to develop a good selection of new case studies. Hence, it
seemed logical to combine our efforts and compile a set of case studies that we all
could draw from. We joined forces with several engineering practitioners, each with
an interest in improving engineering education and a desire to pass on the results of
their studies before the reports “disintegrated on the shelf.” Although it did not
happen overnight, as few really worthwhile things do, this collaborative effort
resulted in the set of course-ready case studies compiled herein, ranging from
“classic” applications such as reservoir operations to more recent applications such as
watershed management for total maximum daily loads.

Most of the software and data sets required to complete the case studies are freely
available for download from: http://dx.doi.org/10.1061/9780784412879.fm. The case
study in Chapter 4 is completed using an on-line program, and software described in
Chapter 7 may also be run remotely, following instructions in those chapters and the
appendix, “Notes for Instructors.” The software for the case study in Chapter 9 may
be downloaded free of charge, following instructions in that chapter.

The contributors to this book still want students to understand the theory behind the
software and analysis tools, but we hope that case studies will foster critical thinking
skills and provide some extra motivation along the way. In addition, we will all be
counting on today’s students to help solve difficult socioeconomic and environmental
problems such as these in the future.
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1. Introduction

David W. Watkins, It

What is Systems Analysis?

In a broad sense, systems analysis is the systematic analysis of design or decision
alternatives to solve a problem. To formalize this approach, it is necessary to
describe the problem in terms of decisions, objectives, and constraints. In
engineering education, we often seek to simplify the problem so that the decisions,
objectives, and constraints can be formulated in mathematical terms. Often, but not
always, there are a large number of alternatives, and the evaluation of objectives and
constraints involves analysis of a complex system, or set of interrelated components,
preventing easy solution through intuition or quick analysis of all alternatives. When
the search for the best alternative is automated through a mathematical algorithm
(almost always on a computer), systems analysis is often called optimization or
mathematical programming. Fields specializing in the techniques of
optimization/math programming include Operations Research, Management Science,
and Industrial Engineering. Others have referred to systems analysis as the "science
of design" (Simon, 1969), or the "theory of problem solving" (Liebman, 1989).

Another way to define systems analysis is to describe what it is that “systems
thinkers” or “systems modelers™ are able to do. In a nutshell, we expect students
who have completed a systems analysis course to have developed the synthesis and
analysis skills to do the following:

e Describe a water resources/environmental engineering design problem
in terms of decisions, objectives, and constraints.

e Simplify the problem, if necessary, and formulate the decisions,
objectives, and constraints in mathematical terms.

e Select an appropriate mathematical programming tool, or computer
software, to solve the problem.

e Understand the solution procedure.

o Interpret the solution and analyze the uncertainties associated with it.

e Explain the solution, solution sensitivity, and limitations of the
approach to someone unfamiliar with optimization or mathematical
programming.

! Professor, Department of Civil and Environmental Engineering, Michigan Technological University,
Houghton, MI 49931-1295; Tel: (906) 487-1640; Fax: (906) 487-2943; E-mail: dwatkins@mtu.edu

2 Systems analysis researchers and practitioners should not be confused with systems administrators,
who maintain computer networks, or with many systems engineers who design physical process
systems but are not applying the mathematical formulation and solution procedures referred to here.
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