










CE 463 – Groundwater Dynamics 
Fall 2016 

General: Meeting Time TBD (3 hours per week) 
Location TBD 
Credits 3+0 
Co - requisites CE 344, Water Resouces 
Instructor Dr. David L. Barnes, P.E. 
Office 263 Duckering 
Phone 474-6126 
Email dlbarnes@alaska.edu 
Office Hours 11:45am to 1:00pm MW, 3:00 to 4:00pm T 

Course Description:  This course will focus on the engineering aspects of groundwater 
hydrology.  The 2016-2017 UAF catalog has the following description of this course 
“fundamentals of geohydrology, hydraulics of flow through porous media, well design 
and hydraulics, and groundwater resources development.”  While each of these topics 
will be covered during the semester, we will be emphasizing some of the topics more 
than others. I will use traditional methods to teach this course (lecture style with 
classroom discussions).  My objective for this course is that by the end of the semester 
you should be able to: 

1. Develop a conceptual model of how fluids flow through porous media subject
to different boundary conditions,

2. Understand Darcy’s Law and how it applies to flow through porous media,
3. Understand the principles of groundwater investigations, production and

management.
4. Mathematically model the movement of fluids through porous media using

different analytical solutions to the partial differential equation,
5. Be able to size a groundwater well,
6. Be able to apply the United States Geological Survey (USGS) finite difference

model MODFLOW to groundwater flow problems.

Student Learning Outcomes 
The following ABET student-learning outcomes apply to this course (ABET letter 
designators are used in this list: 

(a) an ability to apply knowledge of mathematics, science and engineering, 
(e) an ability to identify, formulate, and solve engineering problems, 
(k) an ability to use the techniques, skills, and modern engineering tools 

necessary for engineering practice. 

Texts and References: 
Todd, D.K. and L.M. Mays,  2005.  Groundwater Hydrology.  John Wiley & Sons, 
Hoboken, NJ: 636p. 

This is the required text for the course.  The text focuses on the principles of the 
occurrence of groundwater, groundwater flow, investigation, production and 
management of groundwater.  We will also cover groundwater modeling both with 
analytical models and numerical models. Being able to model flow is a fundamental task 
in many engineering fields such as water resources engineering and environmental 
engineering.  The textbook chapters to be covered in the order we will be covering them 
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include: Chapter 1 (Introduction), Chapter 2 (Occurrence of Groundwater), Chapter 3 
(Groundwater Movement), Chapter 4 (Groundwater and Well Hydraulics), Chapter 9 
(Groundwater Flow Modeling Techniques), Chapter 6 (Groundwater Levels and 
Environmental Influences), Chapter 5 (Water Wells), Chapter 10 (Management of 
Groundwater), Chapter 11 (Surface Investigation of Groundwater), Chapter 12 
(Subsurface Investigation of Groundwater).  You will notice that chapters 9 and 5 are out 
of sequence.  I will be assigning a numerical modeling project that will take some time to 
complete.  Hence, I felt it was important to cover the material in Chapter 9 early enough 
in the semester to provide you the necessary knowledge to complete the project.  
Chapter 5 contains somewhat standalone material.  I placed the chapter towards the end 
of the semester.  I may also be supplementing the text with other published material that 
covers material that may not be fully covered in the text. 
 
Class Assignments:  You are responsible for reading material that I assign.  As we 
work through the semester, I am going to assume that you have read the material and 
you are ready for discussion on the material during class.  I will make every attempt to 
handout assignments on the day that we start discussing the material covered in the 
assignment.  I encourage you to start working on these problems soon after they are 
assigned.  The project this semester is a modeling project that is designed to teach you 
how to use the USGS model MODFLOW. 
 
I want you to take pride in your work.  How you present solutions to technical problems 
says a lot about you as a professional.  To this end, I expect all of your problem 
solutions to be done in a professional manner.  Solutions that are presented in a 
professional manner are much easier for me to follow, which means I am more likely to 
give partial credit on incorrect solutions that are readable. 
 
Class Exams:  There will be two exams this semester.  The first exam should cover the 
following topics: basic concepts (Chapter 1) physical properties (Chapter 2), and 
principles of flow (Chapter 3).  The final exam will cover, groundwater and well 
hydraulics (Chapter 4), water wells (Chapter 5), groundwater levels and environmental 
influences (Chapter 6), and fundamentals on management and measurements from 
chapters 10, 11, and 12. 
 
Grading: 
 Class assignments = 35% 
 Project = 15% 
 Exams = 50% 
 
I will use the plus/minus grading system in this class.  I will grade on a curve if 
necessary.  This is a stacked class with the graduate course CE 663.  To distinguish 
between the level of efforts expected between undergraduate students and graduate 
students I will assign addition problems on each problem set to the graduate students.  I 
will also be assigning graduate students an additional project.  Finally, I will write the 
midterm and final exams at a level of effort that is appropriate for the two different levels 
of students.  
 
Tentative Class Schedule: 
 

Week 1: Introduction and aquifer properties (Problem set 1 assigned) 
Week 2: Porous media and capillarity (Problem set 2 assigned) 
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Week 3 Water saturation (Problem set 3 assigned) 
Week 4: Aquifer types and aquifer storage 
Week 5: Darcy’s Law and hydraulic gradient (Problem set 4 assigned) 
Week 6: Heterogeneities 
Week 7: Unsaturated flow (exam 1) 
Week 8: The groundwater flow equation and numerical modeling 
Week 9: Steady flow in confined aquifers (Problem set 5 assigned) 
Week 10: Steady flow in unconfined aquifers 
Week 11: Radial flow (Problem set 6 assigned) 
Week 12: Modflow (Project assigned) 
Week 13: Transient flow (Problem set 7 assigned) 
Week 14: Flow near aquifer boundaries (Problem set 8 assigned) 
Week 15: Water well design 
Week 16: Environmental influences and field methods (Exam 2) 

 
Academic Integrity:  I expect you to follow the University of Alaska Fairbanks honor 
code.  You can find the honor code at the following URL address:  
http://www.uaf.edu/catalog/current/undergrad/regs3.html 
 
Disabilities Services 
The Office of Disability Services implements the Americans with Disability Act (ADA), 
and insures that UAF students have equal access to the campus and course materials.  
If you require the services of this office, please contact me and I work with them to 
provide you reasonable accommodation. 
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