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Introduction

The critical zone is considered the ecological layer, 

extending from the vegetational surface to the vadose 

zone to the aquifer, which is vital to sustaining life, as 

it includes the implementation of cultivation and water 

resources for drinking or irrigation purposes (Field et 

al., 2016; Naylor et al., 2023).  

Agriculture has been identified as a significant 

contributor to nitrate concentrations in the 

groundwater system due to the excessive application 

of nitrogen-rich manure and fertilizer (Foley et al., 

2012; Puckett, 2016). 

Water flow characteristics and soil properties 

influence solute transportation in the vadose zone. 

The transportation rate of a solute is described by the 

behavior of the wetting front and its preferential flow 

path. Understanding these factors is crucial to 

determining the solute's threat to the groundwater 

system. 

Scope

The scope of the project is to contribute valuable 

information in hydrogeology, hydrology, 

environmental, and soil sciences for water flow and 

solute transport in the critical shallow vadose zone for 

a short-term water flux event. We aim to add valuable 

contributions from previously similar research topics 

for long-term precipitation events and information for 

agricultural management.

Objectives

Evaluate the behavior of the wetting 

front by investigating soil moisture, 

infiltration rate, soil matric potential, 

and porosity through field and lab 

work.

Assess transient properties and 

determine if the water flow models 

created by HYDRUS-1D could 

capture the processes and 

characteristics of the wetting front 

observed in the field study.

Assess solute transport model using 

water flow models and through the 

mechanisms of advection, 

dispersion, and diffusion. 

Phase one

Loss on ignition (LOI)

Percolation test

Soil sieving

Phase two

Loss on ignition (LOI)

Percolation test

Phase three

Percolation test w/ manure

Nitrate grab samples:

natural and contaminated

Slopes:

PD to T1 = 1.26º. 

PD to T3 = 1.3º

PD to T2/T4 = 2º

Study area Percolation test Pressure reading

Nitrate grab samples 

(natural and contaminated) locations

Percolation test with manure added

Discussion

Conclusion & Future Work

• A relationship exists between the observed field data and the modeling completed by 

HYDRUS-1D. 

• HYDRUS-1D successfully transcribes the water flow characteristics at specific depths 

through time in a uniform soil profile. 

• The solute transport model had limited parameters. Nonetheless, we can decipher the 

fundamental aspects of advection, dispersion, and diffusion processes.

• The models did not consider the heterogeneity of the soil profile. Observations through 

heterogeneous soil profiles may further assess the effects of pore space distribution.

Acknowledgement: I would like to give many thanks to my thesis advisor, M. Hassan Rezaie-Boroon, for his 
encouragement and patience throughout the project and to committee members Dr. Li and Dr. Farahmand for their 
time, commitment, and valuable feedback. I would also like to thank Luis Roldan, our previous department's 
technician, for his hard-working assistance executing the field study. I want to acknowledge Cal State LA's facility 
department, the College of Natural and Social Sciences, and the Department of Geography, Geology, and 
Environment for their permission and grants. Finally, I want to express my gratitude to my family, who have always 
supported me in all my goals and accomplishments.

References:

Field, J. P., Breshears, D. D., Law, D. J., Villegas, J. C., López-Hoffman, L., Brooks, P. D., Chorover, J., & Pelletier, J. 

D. (2016). Understanding ecosystem services from a geosciences perspective. Eos, 97, 

doi:10.1029/2016EO043591

Foley, K. M., Doniger, A. R., Shock, C. C., Horneck, D. A., & Welch, T. K. (2012). Nitrate Pollution in Groundwater: A 

Grower's Guide. Oregon State University - Malheur Extension. https://agsci.oregonstate.edu/article/nitrate-

pollution-groundwater-growers-guide

Naylor, L. A., Dungait, J. A. J., Hallett, P. D., Munro, N., Stanton, A., & Quine, T. A. (2023). Earth's critical zone 

remains a mystery without its people. Eos, 104, https://doi.org/10.1029/2023EO235025

Puckett, L. J. (2016). Nonpoint and Point Sources of Nitrogen in Major Watersheds of the United States. United 

States Department of the Interior (DOI) and United States Geological Survey (USGS). 

https://pubs.usgs.gov/wri/wri944001/index.html

Rezaie-Boroon, M. H., Acosta, O., Chipres, R., Cox, C., Diemel, F., Ho, N., Li, S., Lopez, R., Luque, M., Martinez, M., 

Palacios, D., & Wright, J. (2017). Waterflow path characterization in shallow vadose zone using tensiometers. 

Journal of Water Resource and Protection, 9(9), https://doi.org/10.4236/jwarp.2017.99071  

Tensiometer diagram

Field blank sample of manure

Figure 18. Soil distribution profiles for phase one 

and phase two. Layers (L1 to L6) from borehole 

site T4 represent the overall grain size 

distribution of the soil column. The material 

appears coarser near the surface and gets finer 

as we increase in depth.

Figure 21. Infiltration rates for phase one and phase two. The 

data is segmented into four distinct sections. The blue points on 

the data trends segregate these sections. 

Figure 22. Recorded pressure (tension) 

readings for (A) phase one and (B) phase two.

Figure 27. Water content or soil moisture distribution 

at five different depths (D1 to D5) along a 35 cm soil 

profile of uniform sandy loam.

Figure 28. Pressure head or soil matric potential 

distributions at five different depths (D1 to D5) along 

a 35 cm soil profile of uniform sandy loam.

Figure 29. Solute (nitrate) concentration distribution 

in the liquid phase at five different depths (D1 to D5) 

along a 35 cm soil profile of uniform sandy loam.

Figure 31. A conceptual diagram depicting the lateral 

transportation of the nitrate concentration. The solute 

or solution (nitrate mixed with water) moves 

downslope from the percolation ditch (PD) parallel to 

the water flow path. The lateral flow of the solute is 

evident by comparing the nitrate concentrations of 

soil grab samples T2 and T4. The observed 

decrease in the nitrate concentration downslope 

infers diffusion processes.
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