ABE 6265
Vadose zone water and solute transport modeling
(Short title: Vadose Zone Modelling)
1. Instructor(s):  Dr. Rafael Muñoz-Carpena
· Office location: 281 Rogers Hall
· Telephone:  Work - (352) 294-6747
· E-mail address: (Use CANVAS email for class correspondence)
· Class web site (CANVAS): https://elearning.ufl.eduLinks to an external site.Links to an external site.
· Office hours:  immediately after class and by appointment. 
2. Catalog Description:  3 credits. Unsaturated zone modeling of water flow and solute transport processes. Comparative analysis of alternative mechanistic modeling approaches of different complexity (Offered Summer A, alternative odd years).
3. Pre-requisites and Co-requisites:The subject matter of this course requires computer literacy and a background on, or willingness to learn, a high level computer language (i.e., Fortran C, Java, Visual Basic, etc) or numerical computing environment (i.e., Matlab, Mathematica, etc.) that allows the student to develop and test algorithms, and read existing Vadose Zone modeling source code.
4. Course Objectives:  
· Understanding fundamentals of soil hydrology: flow, solute transport, and water quality.
· Step-by-step development and testing of numerical code for flow and solute transport through the vadose zone.
· Exploring the oportunities of functional/simplified vs. numerical approaches for modeling water and solute transport in the unsaturated Vadose Zone.
· Use of advanced tools for formal model calibration and evaluation.
· Analysis of prediction uncertainty and global sensitivity analysis of models.
· Knowledge of High Performance Computing (HPC) throughput simulation tools for global sensitivity and uncertainty analysis of models.
· Application to student's own research area.
5. Meeting Times: M-F, 9:00-10:15 am
6. Meeting Location: Frazier Rogers Hall, Computer Lab
7. Course Outline (the order of these topics may change based on lab/field trip schedules and additional reading is provided on CANVAS): 
Topic 1: Introductory comments - course outline
Topic 2: Water! (and hydrology) - A soil water relations “refresher”
Topic 3: Soil water and energy: Capillarity theory - Hydrostatic soil conditions
Topic 4: Hydrodynamic conditions: Saturated Flow: Darcy’s Law, Unsaturated flow: Darcy-Buckingham and Richards Equation
Topic 5: Richards Equation - Finite Difference Approximation and Step-by-Step Programming
Topic 6: Infiltration: basis and models
Topic 7: An Improved Green-Ampt Soil Infiltration And Redistribution Method and Its Application to 1D and 3D (Point Source) Flow Domains
Topic 8: Preferential Flow – Description, Factors and Models
Topic 9: Evaluation of Model Goodness-of-Fit (GoF) criteria with statistical significance
Topic 10: Global Sensitivity and Uncertainty Analysis of models (GSUA)
Topic 11: High Performance Computing (HPC) for GSUA
Topic 12: Solute transport in porous media: Advective-Dispersive-Reactive (ADR) transport equation
Topic 13: Modeling solute transport in porous media: ADR numerical and Analytic Solutions and Simplified approaches - SLIM model
Topic 14: Reactive transport in porous media: nitrogen cycle and modeling with WAVE
Topic 15: The Modeling Trilemma: Complexity, Uncertainty and Relevance
Topic 16: Natural Science and Models
8. Recommended Reading (partial list)  
Ravi, V. and J.R. Williams. 1998. Estimation of Infiltration Rate in the Vadose Zone: Compilation of Simple Mathematical Models.  Volume I. EPA/600/R-97/128a, Washington DC: EPA.
Smith et al. 2002. Infiltration Theory for Hydrologic Applications (AGU)
Corwin et al. 1999. Assessment of Non-Point Source Polution in VZ (AGU)
Tindall and Kunkel, 1999. Unsaturated Zone Hydrology for Scientists and Enginering
Warrick, 2002. Soil Physics Companion (CRC) 
Wilson et al. 1995. Handbook of VZ Characterization & Monitoring (CRC)
Alvarez-Benedi and Muñoz-Carpena. 2005. Soil-water-solute Process Characterization: An Integrated Approach (CRC) 
Raats et al. 2002. Environmental Mechanics: Water, Mass, and Energy Transfer in Biosphere (AGU)
Hillel. 1998. Environmental Soil Physics (APress) 
Fleming. 1975. Computer simulation techniques in hydrology (Elsevier) 
Kutilek and Nielsen. 1990. Soil Hydrology (Catena Verlag) 
Haan et al. 1982. Hydrologic Modeling of Small Watersheds (ASAE)
Hank and Ritchie. 1991. Modeling Plant and Soil Systems (ASA/CSSA/SSAA)
Prof. Muñoz-Carpena Publications Page: https://abe.ufl.edu/faculty/carpenaLinks to an external site.
9. Attendance and Expectations:
Active class participation is necessary to satisfactorily complete this course. Excused absences must be consistent with university policies and can be found here: https://catalog.ufl.edu/ugrad/current/regulations/info/attendance.aspx
10. Grading:  4 projects - 80%; Video Quizzes 10%; Class participation - 10% (All work to be submitted via CANVAS)
Projects: These assignments will consist of application of relevant literature in the field through model development and testing to build the student modeling skills and in-depth understanding of the modeling alternatives in vadose zone modeling projects. Assignments will be penalized 10% for each business day late beyond the due date. All assignments must be returned to receive grade in the course.  
Exams:  There will be no exams. The grade will be assessed on the basis of project work and class participation.
All deliverables should be submitted  electronically. All assignments must be formatted so that they can be printed on standard 8.5” by 11” paper. 
Electronic documents must be a SINGLE text document (i.e., Word or PDF file) that clearly answers each question and shows the work done to arrive at the answer.  Any relevant graphs, tables, and equations that support your answer must be included (i.e., pasted) in this document and must be numbered, labeled, and captioned appropriately.  If you do not sufficiently explain your work, you will only get partial credit—and no credit for a wrong answer.  IN ADDITION to the required text report, you should attach additional material when needed (i.e., well-documented -organized and labeled- source code, executables and in/out files with descriptions of inputs, spreadsheets or other calculations).
Grading Scale: 93.5-100 = A, 89.5-93.4 A-, 87.5-89.4=B+, 83.5-87.4 = B, 79.5-83.4 B-, 77.5-79.4 =C+; 73.5-77.4 = C, 69.5-73.4 =C-, 67.5-69.4= D+, 63.5-67.4 = D, 59.5-63.4 D-, <59.4 = E.
More information on UF grading policy may be found at: https://catalog.ufl.edu/ugrad/current/regulations/info/grades.aspx

Students Requiring Accommodations 
Students with disabilities who experience learning barriers and would like to request academic accommodations should connect with the disability Resource Center by visiting https://disability.ufl.edu/students/get-started/. It is important for students to share their accommodation letter with their instructor and discuss their access needs, as early as possible in the semester.

Course Evaluation 
Students are expected to provide professional and respectful feedback on the quality of instruction in this course by completing course evaluations online via GatorEvals. Guidance on how to give feedback in a professional and respectful manner is available at https://gatorevals.aa.ufl.edu/students/. Students will be notified when the evaluation period opens, and can complete evaluations through the email they receive from GatorEvals, in their Canvas course menu under GatorEvals, or via https://ufl.bluera.com/ufl/. Summaries of course evaluation results are available to students at https://gatorevals.aa.ufl.edu/public-results/.

In-Class Recording
Students are allowed to record video or audio of class lectures. However, the purposes for which these recordings may be used are strictly controlled. The only allowable purposes are (1) for personal educational use, (2) in connection with a complaint to the university, or (3) as evidence in, or in preparation for, a criminal or civil proceeding. All other purposes are prohibited. Specifically, students may not publish recorded lectures without the written consent of the instructor. 
A “class lecture” is an educational presentation intended to inform or teach enrolled students about a particular subject, including any instructor-led discussions that form part of the presentation, and delivered by any instructor hired or appointed by the University, or by a guest instructor, as part of a University of Florida course. A class lecture does not include lab sessions, student presentations, clinical presentations such as patient history, academic exercises involving solely student participation, assessments (quizzes, tests, exams), field trips, private conversations between students in the class or between a student and the faculty or lecturer during a class session. 
Publication without permission of the instructor is prohibited. To “publish” means to share, transmit, circulate, distribute, or provide access to a recording, regardless of format or medium, to another person (or persons), including but not limited to another student within the same class section. Additionally, a recording, or transcript of a recording, is considered published if it is posted on or uploaded to, in whole or in part, any media platform, including but not limited to social media, book, magazine, newspaper, leaflet, or third party note/tutoring services. A student who publishes a recording without written consent may be subject to a civil cause of action instituted by a person injured by the publication and/or discipline under UF Regulation 4.040 Student Honor Code and Student Conduct Code. 
University Honesty Policy 
UF students are bound by The Honor Pledge which states, “We, the members of the University of Florida community, pledge to hold ourselves and our peers to the highest standards of honor and integrity by abiding by the Honor Code. On all work submitted for credit by students at the University of Florida, the following pledge is either required or implied: “On my honor, I have neither given nor received unauthorized aid in doing this assignment.” The Honor Code (https://sccr.dso.ufl.edu/process/student-conduct-code/) specifies a number of behaviors that are in violation of this code and the possible sanctions.  Furthermore, you are obligated to report any condition that facilitates academic misconduct to appropriate personnel. If you have any questions or concerns, please consult with the instructor or TAs in this class.

Commitment to a Safe and Inclusive Learning Environment
The Herbert Wertheim College of Engineering values varied perspectives and lived experiences within our community and is committed to supporting the University’s core values, including the elimination of discrimination.  It is expected that every person in this class will treat one another with dignity and respect regardless of race, creed, color, religion, age, disability, sex, sexual orientation, gender identity and expression, marital status, national origin, political opinions or affiliations, genetic information, and veteran status.

If you feel like your performance in class is being impacted by discrimination or harassment of any kind, please contact your instructor or any of the following:
• Your academic advisor or Graduate Program Coordinator
• HWCOE Human Resources, 352-392-0904, student-support-hr@eng.ufl.edu 
• Curtis Taylor, Associate Dean of Student Affairs, 352-392-2177, taylor@eng.ufl.edu
• Toshikazu Nishida, Associate Dean of Academic Affairs, 352-392-0943, nishida@eng.ufl.edu

Software Use
All faculty, staff, and students of the University are required and expected to obey the laws and legal agreements governing software use.  Failure to do so can lead to monetary damages and/or criminal penalties for the individual violator.  Because such violations are also against University policies and rules, disciplinary action will be taken as appropriate.  We, the members of the University of Florida community, pledge to uphold ourselves and our peers to the highest standards of honesty and integrity.

Student Privacy
There are federal laws protecting your privacy with regards to grades earned in courses and on individual assignments.  For more information, please see:  https://registrar.ufl.edu/ferpa.html

Campus Resources: 

Health and Wellness 
U Matter, We Care: 
Your well-being is important to the University of Florida.  The U Matter, We Care initiative is committed to creating a culture of care on our campus by encouraging members of our community to look out for one another and to reach out for help if a member of our community is in need.  If you or a friend is in distress, please contact umatter@ufl.edu so that the U Matter, We Care Team can reach out to the student in distress.  A nighttime and weekend crisis counselor is available by phone at 352-392-1575.  The U Matter, We Care Team can help connect students to the many other helping resources available including, but not limited to, Victim Advocates, Housing staff, and the Counseling and Wellness Center.  Please remember that asking for help is a sign of strength.  In case of emergency, call 9-1-1.

Counseling and Wellness Center: https://counseling.ufl.edu, and  392-1575; and the University Police Department: 392-1111 or 9-1-1 for emergencies. 

Sexual Discrimination, Harassment, Assault, or Violence
If you or a friend has been subjected to sexual discrimination, sexual harassment, sexual assault, or violence contact the Office of Title IX Compliance, located at Yon Hall Room 427, 1908 Stadium Road, (352) 273-1094, title-ix@ufl.edu

Sexual Assault Recovery Services (SARS) 
Student Health Care Center, 392-1161. 

University Police Department at 392-1111 (or 9-1-1 for emergencies), or http://www.police.ufl.edu/. 


Academic Resources
E-learning technical support, 352-392-4357 (select option 2) or e-mail to Learning-support@ufl.edu. https://lss.at.ufl.edu/help.shtml.

Career Connections Center, Reitz Union, 392-1601.  Career assistance and counseling; https://career.ufl.edu.

Library Support, http://cms.uflib.ufl.edu/ask. Various ways to receive assistance with respect to using the libraries or finding resources.

Teaching Center, Broward Hall, 392-2010 or 392-6420. General study skills and tutoring. https://teachingcenter.ufl.edu/.

Writing Studio, 302 Tigert Hall, 846-1138. Help brainstorming, formatting, and writing papers. https://writing.ufl.edu/writing-studio/.

Student Complaints Campus: https://sccr.dso.ufl.edu/policies/student-honor-code-student-conduct-code/;https://care.dso.ufl.edu.

On-Line Students Complaints: https://distance.ufl.edu/getting-help/; https://distance.ufl.edu/state-authorization-status/#student-complaint.



