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CE 562 – Advanced subsurface flow and transport  

 

Spring 2015 

Tu/Th 10:35 am -11:50am 

Room: Sloan 233 

 

Prerequisites: Fluid mechanics, introduction to groundwater recommended, or instructor 

permission. 

 

Course material: Mechanics of groundwater flow and solute transport in natural and engineered 

porous media systems. 

 

Textbook: Charbeneau, R.J, Groundwater hydraulics and pollutant transport, 2006.  

 

Instructor: Nicholas Engdahl, Albrook 25, 509-335-9140, nick.engdahl@wsu.edu 

Office Hours: Tuesdays 1:00pm-2:00pm, or by appointment, or any time the door is open. 

 

Course Objectives: To develop an understanding of the fundamental processes driving 

groundwater flow in natural systems that give rise to solute transport behaviors in natural (non-

ideal) systems.  
 

Student Learning Outcomes for 

this course:   

At the end of this course, students 

should be able to:  

Course Topics/Dates  

The following 

topic(s)/dates(s) will 

address this outcome:   

Evaluation of Outcome:   

This outcome will be evaluated 

primarily by:   

Understand the complexities of 

flows through natural porous 

media. 

Weeks 1-4 (see expanded 

outline below) 

In class exercises, homework 

assignments  

Develop the fundamental equations 

describing solute transport in 

different, idealized systems. 

Weeks 5-9, (see expanded 

outline below) 

In class exercises, homework 

assignments, exam 1 

Explore how the idealized models 

can be adapted for more complex, 

and real-world applications of mass 

transport problems. 

Weeks 10-15, (see 

expanded outline below) 

In class exercises, homework 

assignments, final exam 

 

 

Lectures: Content for lectures will follow the outline given on the syllabus and updates to the 

material, as well as relevant material for the following class period, will be announced each day. 

Participation in the lectures and/or discussion of the material is essential to developing an 

intuitive understanding of the material, so active engagement in the class is expected. 
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Assessments: Student understanding of the material will be evaluated with a combination of 

homework and exams/projects: 

 

 HW Assignments    50% 

 Midterm exam/project    25% 

 Final exam/project    25% 

 

Homework: Homework assignments will be given in class and will have a specified due date at 

the time of assignment. These assignments are designed to require significant effort to complete 

and ample time will be provided to complete the tasks and all work must be clearly shown. It is 

highly recommended that students work together on the assignments but each is responsible for 

turning in their own individual work. Late work will not be accepted. 

 

Grading: Final grades will be given based on normal letter grades. Thresholds for grades are: A 

> 93.5%, A- >89.5%, B+ > 86.5%, B > 83.5%, B- > 79.5%, C+ > 76.5%, C > 73.0%, C- > 

69.5%, D+ > 66.5%, D>60%, F<60%.  

 

Exams/projects: The details of the two mid-term exams will be announced at least two weeks 

prior to their dates; the first is currently scheduled for the 9th week of instruction and the second 

will be during finals week. Depending on class interests, one, or both, midterms may be replaced 

by a class project. Any changes to the midterm/project schedule will be announced in class at 

least two weeks before the exam or project due date. No makeup exams will be given; however, 

students that will miss an exam for an approved university function can make arrangements to 

take the exam prior to the exam date. 

 

Attendance/participation: Attendance will not be taken during class but students will benefit 

most from class when they attend regularly. Similarly, credit will not be deducted for students 

that do not participate in class, but participation is expected to facilitate the mastery of content.   

 

Academic Honesty: Academic integrity is the cornerstone of the university. Any student who 

attempts to gain an unfair advantage over other students by cheating, will fail the assignment and 

be reported to the Office Student Standards and Accountability. Cheating is defined in the 

Standards for Student Conduct WAC 504-26-010 (3). 

 

Expectations: The goal of Washington State University is to provide students with the 

knowledge, skill and wisdom they need to contribute to society.  Our rules are formulated to 

guarantee each student’s freedom to learn and to protect the fundamental rights of others.  People 

must treat each other with dignity and respect in order for scholarship to thrive.  Behaviors that 

are disruptive to teaching and learning and that create a hostile, offensive or intimidating 

environment based on gender, race, ethnicity, color, religion, age, disability, marital status or 

sexual orientation will not be tolerated. 

 

Special Needs: Reasonable accommodations are available for students with a documented 

disability. If you have a disability and may need accommodations to fully participate in this 

class, please visit the Disability Resource Center (DRC). All accommodations MUST be 

approved through the DRC (Washington Building, Room 217). Please stop by or call 509-335-

3417 to make an appointment with a disability specialist. 

 



WSU Safety Statement: Washington State University is committed to enhancing the safety of 

the students, faculty, staff, and visitors. It is highly recommended that you review the Campus 

Safety Plan (http://safetyplan.wsu.edu/) and visit the Office of Emergency Management web site 

(http://oem.wsu.edu/) for a comprehensive listing of university policies, procedures, statistics, 

and information related to campus safety, emergency management, and the health and welfare of 

the campus community. 

    

 

 

 

 

Tentative schedule: 

The exact schedule will vary from the outline given here based on student questions/input, level 

of detail, and other such factors, but the topics will generally follow the order given here as 

closely as possible.  

 

(The corresponding sections of the textbook are listed here and additional material from other 

sources on these topics will be provided to the class as necessary) 

 

Week 1: Review of classical groundwater flow concepts and equations  (Ch. 1-2) 

 

Week 2: Pore-scale flows and volume averaging 

 

Week 3: Continuum scale flow modeling (Ch. 2) 

 

Week 4: Dealing with spatial heterogeneity 

 

Week 5: Fundamentals of mass transport (Ch. 5) 

 

Week 6: Advective transport (Ch. 6) 

 

Week 7: Diffusive transport (Ch. 7) 

 

Week 8: The advection-dispersion equation (ADE) (Ch. 8) (Exam 1 - tentative) 

 

Week 9: Applications of the ADE (Ch. 8) 

 

Week 10: Eulerian vs. Lagrangian models 

 

Week 11: Travel time and residence time distributions (Ch. 6.5) 

 

Week 12: Mass transfer models (Ch. 8.10) 

 

Week 13: Breakdown of the ADE and alternate models 

 

Week 14: Influence of reactions 

 

Week 15: Catch up week or additional material 

 



Week 16: (Final) 

 




