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Exposure to lead (Pb), a highly toxic heavy metal, via potable water 
consumption is an ongoing issue in the U.S. due to the continued 
use of lead pipes and lead fittings in water service lines. Associated 
lead exposure health effects include damage to the brain and 
nervous system. The complexation of dissolved Pb with natural 
organic matter (NOM) in the water distribution system enhances 
lead release from pipes. This work focuses on how oxidation 
reactions between chlorine oxidants and NOM alter the degree of 
complexation and associated dissolution of solid lead corrosion 
scales along lead pipes. 
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Water managers seek digital twins that combine online models with real-

time sensor data to better manage water quality threats from 

urbanization and climate change. This study introduces pipedream-WQ, a 

new model for contaminant transport in drainage networks that combines 

a novel implicit solver for the unsteady advection-reaction-diffusion (ARD) 

equation with a data assimilation scheme based on Kalman Filtering. This 

model reliably reproduces analytical solutions to the ARD equation and 

accurately captures unsteady contaminant transport in a complex 

drainage network. Furthermore, the online sensor data assimilation 

enables better estimation of contaminant concentrations at ungauged 

locations compared to a model-only approach. This model will enable 

improved pollutant tracking, source identification, and active water 

quality management through real-time control of hydraulic infrastructure. 

 


