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Today: 

- Final project presentation

- Review for the final exam
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*To encourage participation: Everyone who fills out the survey gets 1/100 bonus 
point in the final grade.
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▪ The concept of vadose zone

▪ Steady-state saturated flow: Darcy’s law; permeability; hydraulic conductivity.

▪ Transient saturated flow: Deriving the governing equation (3D groundwater flow)

▪ Solute transport under saturated flow: Advection, mechanical dispersion, molecular diffusion.

▪ Air-water system: Interfacial tension; wettability; capillary pressure; bundle of tubes model (triangular vs. 

cylindrical).

▪ Macroscopic descriptions of two-phase systems: pc-s (SWC); kr-s. Mathematical descriptions of these 

curves (VG, BC). The idea of scaling (Leverett-J function and Miller-Miller scaling).

▪ Two-phase flow: two-phase extended Darcy’s law; governing equations; unknowns vs. # of equations.

▪ Unsaturated flow: Richards’ assumption; Richards’ equation (different forms).

▪ Steady-state unsaturated flow: physical understanding; numerical solution; impact of heterogeneity.

▪ Transient unsaturated flow: water infiltration models; physical understanding; numerical solution; impact of 

heterogeneity.
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▪ Measurement methods and inverse modeling

✓ Laboratory methods

o SWC (Tempe cell method)

o Ksat (Constant head permeameter; Falling head permeameter)

o K(θ) (Steady-state flux method; Instantaneous profile method)

✓ Field methods

o Water content (Neutron probes; Time domain reflectometry)

o Water pressure head (Tensiometer)

o K(θ) (Instantaneous profile method)

o Porewater chemistry (porewater sampling suction lysimeter)
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▪ PFAS 

✓ Unique transport properties of PFAS

✓ Conceptual and mathematical models for variably saturated flow and the transport of 

PFAS in the vadose zone

o Formulating surfactant-induced flow

o Formulating adsorption at solid-water and air-water interfaces

o Mass partitioning among the different phases (aqueous phase, solid-phase 

adsorption, and air-water interfaces)

o Short-chain vs. long-chain

▪ Measurement of fluid-fluid interfacial area in porous media

o Methods to measure interfacial area

o Interfacial tracer methods vs. PFAS transport
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