
   

Floodplains play a fundamental role in landscape evolution and response to forcings, from 

rapid flood events to carbon storage. At the same time, floodplains are among the most 

vulnerable environments on the surface of the Earth. While often believed in contact with 

their rivers via overbank flow during floods only, recent research has highlighted the 

existence of a continuum of surface water connectivity between these two environments 

and the need for quantifying the mechanisms of hydrological connectivity and its 

implications for the delivery of solids and solutes onto the floodplain. This work focuses on 

the Trinity River, a meandering river located in Texas, as a natural laboratory. The river 

extends from a quasi-normal reach to a backwater-dominated reach towards the coast. 

Using lidar and bathymetric data, we apply a hydrodynamic model over the domain to 

quantify hydrological connectivity. Field observations of water level and flow velocity were 

collected in levee channels from August 2019 to January 2020 and captured the response of 

the river to tropical storm Imelda. Our results show that levee topography and vegetation 

emerge as primary controls of the channel-floodplain hydrological connectivity. The results 

also point at a range of connectivity mechanisms and suggest that pluvial and fluvial 

processes together drive the bidirectional channel-floodplain connectivity. 
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The development of unconventional shale plays for energy production has resulted in 

the use and degradation of water resources.  Fresh water is typically amended with 

various chemicals including salt, and used for hydraulic fracturing.  Much of it is 

recovered as flow back water after fracturing, along with produced water from the 

reservoir.  This water is of very poor quality, and often hazardous due to the presence of 

toxic inorganic and organic compounds.  This study focuses on the role of microbes in 

contributing to water toxicity by creating toxic hydrogen sulfide from sulfate reduction, 

and by promoting the leaching of hazardous metals from the shale reservoir. The impacts 

of these microbes on plugging hydraulic fractures via biofilm formation is also evaluated. 

To evaluate these factors, we developed a shale-based microfluidic reactor that allows 

direct in situ imaging of biomass growth on shale fracture surfaces over time, and 

effluent water collection for analysis of sulfide and heavy metals.  Details of microfluidic 

reactor design and operation, and results from biomass growth experiments will be 

presented.  This work adds to the understanding of microbial activity in deep subsurface 

environments, and the increasing impact of humans on such ecosystems. 

 

 


