
 

 

Dr. Faranak Behzadi, Research Scientist, and Dr. Patrick Ray, Assistant Professor in the Department of Chemical 
and Environmental Engineering at the University of Cincinnati, completed an Ohio Water Resources Center funded 
project via Ohio Water Development Authority subaward. This project titled “Multidimensional risk assessment 
on riverine contamination: case study of Cincinnati, OH” aimed to better understand the risks to Cincinnati of 
water supply interruptions caused by the contamination of river water.  
 
Approximately 50% of the world's people live within 3 km of a river and are vulnerable to streamflow extremes 
(flood/drought) and inadequate water quality. These two problems are linked and likely to worsen with climate 
change. However, the impact of streamflow extremes on water quality has not been given adequate attention in the 
scientific literature to date. The team modified a generalizable 2D computational fluid dynamics (CFD) model and 
named it the River Contamination Risk model (RANK). They applied the model to a case study of a 30-mile section 
of the Ohio River upstream of Cincinnati and a validation event of the January 2014 MCHM spill from Freedom 
Industries in West Virginia.  
 

The duration of contamination plume was reproduced using RANK with 1.8% 
error, while the previous primary modeling result showed 152% error in 
reproduction of the plume duration at the Greater Cincinnati Water Works 
(GCWW) intake (Figure 1). Stress test results demonstrated that higher river 
velocity results in earlier peak concentration time and shorter plume duration 
around the drinking water facility intake (Figure 2). For instance, when the river 
velocity was increased by 60% (from the January 2014 velocity of 1.6 m/s to 
the speed of the flood of 1997, 2.57 m/s), the plume arrived at its peak level at 
the treatment plant location 6.4 hours earlier. When the river velocity was 

decreased by 81% (from the January 
2014 velocity to the velocity that 
occurred during a particularly low-
flow month in 1914, for example, 
0.31 m/s), the time to peak 
concentration was delayed by 106.6 
hours. These calculations presumed a 
free-flowing river. The ability of 
locks and dams to retain river flows 
during dry periods has the potential 
to fundamentally alter these calculations and must be included in the future.  
Though the higher flow velocity results in a shorter shut-down period for the treatment plant, it leaves the water 
utility managers with less time to make an initial assessment of the spill and to decide on the emergency response. 
On the other hand, lower flow velocity imposes a higher risk on drinking water supply due to the longer period of 
the plant shut-down and limited off-line storage of drinking water. 
 
Researcher Profile: Patrick Ray is an Assistant Professor of Environmental Engineering at the University of 
Cincinnati. His research focus is water-related climate change adaptation and international development, and since 
joining UC, he has become committed to reducing risks to public health from Ohio River hazards: flood, drought, 
and contamination. Faranak Behzadi is a researcher in geology at UC with a specialty in computational fluid 
dynamics and an interest in surface water – groundwater interactions. 

Figure 1 Red dots - contaminant 
concentration, blue line - RANK model 
prediction, dashed black line - 
conventional model result 

Figure 2 RANK simulations using the data from 2014 river spill in West Virginia and 
changing velocity conditions. The 2-day limit is indicating the time the Greater Cincinnati 
Water Works can shut down their river water supply and use alternative source.  


