


 
 

ABSTRACT - Soil, water, food, and energy are fundamental components of life’s essentials. Advancing the 

understanding of the mechanisms that govern single-phase and multi-phase fluid flow in porous media, such as 

soil, aquifers, and oil reservoirs, is critical for a number of applications related to agriculture, environment, and 

energy. This presentation will explore studies involving flow phenomena and transport processes, where fluid 

dynamics, instabilities, interfacial processes, and interaction mechanisms can influence the flow of fluid through 

porous media, and the influence that physical, chemical, and biological processes have on these fluid flow and 

transport phenomena. In particular, studies on soil hydrology that focus on understanding and predicting vadose 

zone processes such as soil infiltration and preferential flow  , and studies that investigate multiphase flow in porous 

media though chemical enhanced oil recovery (EOR) using surfactants and nanoparticles as well as remediation 

of non-aqueous phase liquid (NAPL) contaminated aquifers via surfactants use will be presented.  

To elucidate the individual contribution of the mechanisms and parameters affecting the flow  

phenomena and transport processes in the subsurface environment, as well as to quantify  

and visualize them, we have developed monitoring and 2D and 

3D visualization methods/tools using physical, chemical, and  

non-intrusive technologies. 
 

 



 

 

ABSTRACT - Understanding the behavior of chemical, biological, radiological, nuclear, and explosive (CBRNE) agents/materials in 

the environment is critical for a sustainable agriculture, the exploitation and management of natural resources (i.e., soil and water), 

the development of effective remediation procedures, and the protection of the human and ecosystem health. This presentation 

will discuss the detection, fate, and transport of CBRNE agents/materials in environmental systems such as soil-water-plant systems, 

and the development of monitoring methods/tools for visualization, imaging, and measurements of transport processes governing 

the behavior of these CBRNE agents/materials in the environment:  (1 - Chemical materials) Fate and transport of nanoparticles in 

soil-water-plant systems, and nitrogen contamination in agricultural and forested karst landscapes and aquifers in a seasonably-

cold climate in Pennsylvania; (2 – Biological agents) Fate and transport of the zoonotic pathogen – Cryptosporidium parvum – in 

soils; (3 – Radiological and nuclear materials) Impacts of hydrological processes, soil solution chemistry, and biochemical 

compounds from plants and microbes on the fate and transport of uranium – U(VI), and uranyl phosphate doped with U-235 – in 

the vadose zone; and (4 – Explosive materials) Effects of prescribed fire on the sorption behavior of the highly explosive compound 

1,3,5 trinitrobenzene on soil from forests of the Southeastern United States. To characterize the individual contribution of the 

mechanisms and parameters affecting the transport processes and fate of these CBRNE agents/materials in the environment, as 

well as to quantify and visualize them, we have developed monitoring and visualization methods/tools using physical, chemical, 

microbiological, molecular, and non-intrusive technologies. Our research results will contribute to the development and validation 

of fate and transport models of CBRNE  agents/materials from pore scale to watershed scale for sustainable  

agriculture, management and protection of soil and water resources, public health, ecosystem sustainability,  

risk assessment, and life-cycle analysis. 




