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CIVE 546 - WATER RESOURCES SYSTEMS ANALYSIS 
SPRING 2015 

Course Instructor: Darrell G. Fontane, Eng. B206 
Phone: (970) 491-5048  
Email: Darrell.Fontane@ColoState.Edu 

Course Time and Location: Lecture MF 9:00–9:50am,  
Lab W 8:00 - 9:40am, Room C205 (GIS Lab) 

Course Textbook: Water Resources systems Planning and Management, by Loucks, D.P. and E. 
van Beek, 2005 (Provided on the website) 

Course Description: 
Applications of systems analysis, simulation and optimization techniques in water resources 
planning and management. Prerequisite: CIVE 322/ENVE 322 Basic Hydrology, ENGR 510/MATH 
510 Linear Programming and Network Flows, or consent of the instructor.  

Office Hours: MWF 1:00-2:00 pm  

Course Format: Two lectures and one computer lab per week. 

Course Objectives: The goal of this course is to introduce participants to general concepts of 
systems analysis and systems engineering as they apply to the planning, design and operation 
of water resources systems. The course builds upon the general concepts of systems analysis, 
economic evaluation, and project planning presented in CIVE 544, Water Resources Planning, 
and provides the necessary background for CIVE 645, Computer-Aided Water Management and 
Control. 

Advances in computing and information technology are revolutionizing how we manage our 
water resources.  The goal of this course is to introduce participants to the linkage of 
computing, information technology, and practical aspects of water resources management.  
The course will describe general concepts of systems analysis and modeling, within a Decision 
Support System framework, as these models apply to the planning, design and operation of 
water resources systems.  The use of computer models allows the water resources engineer to 
efficiently and effectively evaluate many alternatives and to promote improved decision-
making.  Students will apply simulation, optimization, and multi-criteria decision analysis 
models to example problems in water resources.  The course will also discuss how emerging 
technologies such as evolutionary optimization, collaborative community-based modeling 
approaches, and collaborative sharing of information might be used to improve water 
resources management.  While not all students will become model developers, it is important 
that all students understand the model development process. All students will be expected to 
effectively use the models presented in the course. 
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There is too much material to be adequately covered in a single course on water resources 
systems analysis and therefore the material has been divided between this course and the 
follow-up CIVE 645 course. This course will concentrate on the traditional application of 
systems concepts to the planning design and operational planning of single reservoir systems 
using primarily deterministic hydrology. While reservoirs are only one many water resources 
management tools, they are an excellent "typical example" for applications of systems analysis 
concepts and are used in this course as a metaphor water resources systems in general. The 
CIVE 645 course will focus on real-time operations of multi-reservoir systems using stochastic 
hydrology and on emerging technologies as applied to decision support systems concepts. It is 
recommended that students take both the CIVE 546 and CIVE 645 courses. 

By the end of the CIVE 546 course you are expected to be able to: 

1. Understand and apply the systems approach for analyzing basic water resources problems. 
2. Understand the process of designing and applying simulation and optimization models for 
water resources management. 
3. Understand the application of multi-criterion decision analysis techniques to water resources 
problems. 
4. Develop operational guidelines for single and multi-purpose reservoirs. 
5. Understand emerging technologies that are being applied in systems analysis. 

Prerequisite Knowledge and Skills: The student starting CIVE 546 is expected to have an 
understanding of basic concepts of simulation and optimization models, basic statistical 
concepts and measures, including multiple regression analysis, and the ability to use 
spreadsheet and equation solver software. 

Exams and Grading: The course will include two exams during the course and a final project. 
Grading will be based on the following components (percentages are approximate): 

Homework 15% 

Project 35% 

Two Exams 50% 

 

Term grades for this course will use the +/- grading system as described in the CSU catalog. 



 
CIVE 546 - WATER RESOURCES SYSTEMS ANALYSIS 
 

Planned Lecture Schedule – Spring 2015     
 
Module 1 – Introduction 
Reference: Read Chapters 1 - 2 (Water Resources Planning and 
Management: An Overview & Water Resources Systems Modeling) 
 
Jan 21 - Introduction to Water Resources Systems Analysis (L1) 
Jan 23 - History of Water (L2) 
 
Module 2 – Simulation 
Reference: Read Chapter 3 (Modeling Methods for Evaluating Alternatives) 
 
Jan 26 - Basic Concepts of Modeling  
Jan 28 - Introduction to Modeling Lab (Module 1 - Lab) 
Jan 30 - Basic Concepts of Simulation (L3) 
Feb 2 - Basic Concepts of Simulation (L4) 
Feb 4 - Reservoir Simulation Lab (Module 2 - Lab) 
 
Module 3 – Optimization 
Reference: Read Chapter 4 - 6 (Optimization Methods, Fuzzy Optimization & Data-Based Models) 
 
Feb 6 - Basic Concepts of Optimization (L6) 
Feb 9 - Basic Concepts of Optimization (L7) 
Feb 11 - Optimization Lab (Module 3 - Lab) 
Feb 13 - Basic Concepts of Optimization (L8) 
 
Module 4 – Reservoir Operational Concepts 
Reference: Read Chapter 11 (River Basin Planning Models) 
 
Feb 16 - Reservoir Operational Concepts (L9) 
Feb 18 – Operational Rules Lab 1 (Module 4 - Lab 1) 
Feb 20 - Reservoir Operational Concepts (L10) 
Feb 23 - Reservoir Operational Concepts (L11) 
Feb 25 - Operational Rules Lab 2 (Module 4 - Lab 2) 
Feb 27 – Model Boundary Conditions – Review for Exam I (L12) 
 
 
Module 5 - MCDA 
Reference: Read Chapter 10 (Performance Criteria) 
Mar 2 - Conflict Resolution - MCDA (L13) 
Mar 4 – MCDA Lab 1 – MCDA Software Overview 
Mar 6 - Conflict Resolution - MCDA (L14) Take home EXAM I 
Mar 9 – Conflict Resolution - MCDA -  (L15) 
Mar 11 - MCDA Tradeoff (Module 5 - Lab 2)  



Mar 13 - Conflict Resolution - MCDA (L16) 
Mar 16-20 Spring Break  
Mar 23 – Attend Hydrology Days in Lieu of Class 
Mar 25 - Attend Hydrology Days in Lieu of Lab  
Mar 27 - Conflict Resolution - MCDA (L16) 
Mar 30 - Conflict Resolution - MCDA (L17) 
Apr 1 - MCDA - Sensitivity (Module 5 - Lab 2) 
 
Module 6 – Calibration of River/Reservoir Models 
Reference: Read Chapter 9 (Model Sensitivity and Uncertainty Analysis) 
 
Apr 3 - Calibration of River Basin Models (L18) 
Apr 6 - Calibration of River Basin Models (L19) 
Apr 8 - Calibration Exercise & Project Work (Module 6 - Lab) 
Apr 10 - Calibration of River Basin Models (L20)  
 
Module 7 – Selected Topics 
Reference: Read Chapter 12 (Water Quality Modeling and Prediction) 
 
Apr 13 – Multi-Reservoir Virtual Operator and Multi-Objective Evolutionary Approaches (L21) 
Apr 15 – Open Lab - Work on your class project 
Apr 17 – Special Guest Lecture – Andre Dozier – State of the Art Review (L22) 
Apr 20 – Multi-Objective Operation of Multi-level Withdrawal Structures (L23) 
 
Module 8 – Selected Topics 
 
Apr 22 – Open Lab - Work on your projects 
Apr 24 – Particle Swarm Optimization (L24) 
Apr 27 – Introduction to AI Applications in Water Resources  (L25) 
Apr 29 – Open Lab to Finalize Projects (Module 8 - Lab) 
May 1 – Course Summary (L26) 
May 4- May 8 - Final Presentations  
Final Presentations and Project Reports Due - Thursday, May 14, 11:50 am-1:50 pm 
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