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Today:

1. Overview of the course

2. Review: Steady-state saturated flow
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Capillary fringe (water 
pressure is negative)

Vadose Zone: Conceptual picture

- Fluid flow processes

- Geomechanical processes

- Geochemical processes

- Microbial processes

…

VZ and CZ are both complex systems:
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Vadose Zone: Context and who cares?

https://jooinn.com/agricultural-lands.html
https://g360group.org

Agriculture and food production Drinking water safety

Vadose zone processes can have profound societal impacts

Other examples?
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▪ Natural hazards 

management 

(flooding, 

landslide, and 

erosion)

▪ Infrastructure 

development 

(buildings, roads, 

bridges, …)

▪ …
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Vadose Zone: Context and who cares?

http://www.cgd.ucar.edu/cas/adai/papers/Trenberth_etal_JHM07.pdf
https://www.nasa.gov/topics/nasalife/features/globe-workshop.html
http://www.cgd.ucar.edu/staff/trenbert/trenberth.papers/BAMSmarTrenberth.pdf

Hydrological cycle Carbon cycle Surface energy balance

Vadose zone processes play key roles in the global water, carbon, and energy balances
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Vadose Zone Hydrology: Scope of the course 

▪ Conceptual pictures

▪ Physical laws and fundamental principles

▪ Mathematical formulations and analytical/numerical solutions

▪ Model vs. reality (measurements)

Approach: 

Goal: 

▪ Understanding and quantifying the processes related to matter and energy in the 

vadose zone

5



HWRS 505

Bo Guo

Fall 2023
Syllabus + Readings

Readings:

1. Ferre, Vadose Zone Hydrology Lecture Notes 

2. Jury & Horton, Soil Physics (sixth edition), 2004

3. Pinder & Celia, Subsurface Hydrology, 2006

4. Stephens, Vadose zone Hydrology, 1995

Grading:

Undergraduate students

      Homework   55%

      Midterm exam (oral)  20%

      Final exam (written)  20%

      Participation   5%

Graduate students

      Homework   35%

      Midterm exam (oral)  20%

      Final exam (written)  20%

      Final project   20%

      Participation   5%

Art of porous media flow submission +5% 
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Class websites:

1. GitHub

▪ https://github.com/GuoPorousMediaLab/HWRS505-405-

2023Fall

▪ The primary site that we use for sharing course materials.

2. D2L

▪ Materials for Homework and Exams.

▪ Submit Homework and Exams.

https://github.com/GuoPorousMediaLab/HWRS505-405-2023Fall
https://github.com/GuoPorousMediaLab/HWRS505-405-2023Fall
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Results of Pre-class Survey

▪ Glad to see many of you have taken most of the classes. 

▪ No worries if you have not taken one or multiple classes. I will introduce the basic concepts when we use them. 

✓ Make sure to ask questions in class if an unfamiliar concept is used and I do not explain it. 

✓ Come to office hours.

✓ Use Wikipedia and other resources to establish a basic understanding of these concepts.
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Steady-state saturated flow 

Energy potential (𝚽): work done on a unit mass of fluid in transferring it from a 

reference state to some new state
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Steady-state saturated flow 

Flux Law: Darcy’s Equation

Schematic of Darcy’s experiment [1856]
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(Nordbotten & Celia, 2011)

Cross-section
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