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Conductivity Trends (232 USGS 
Monitoring Sites)

Kaushal et al. (2018) “Freshwater salinization on a continental scale” Proceedings of the National Academy 
of Sciences (PNAS), USA 115, E574-E583.



Conductivity and Sodium Trends

Kaushal et al. (2018) “Freshwater salinization on a continental scale” Proceedings of the National Academy 
of Sciences (PNAS), USA 115, E574-E583.



*Product of the USGS NAWQA (National Water Quality Assessment) Program
*Evaluated Trends of nutrients, major ions and sediment (~500 sites across the US)
*Reported trends are flow weighting (i.e., taking into account time varying stream flows)
(Weighted Regressions on Time, Discharge and Season, WRTD) implemented in EGRET



National Trends (1992-2012)

Stets et al. (2020) “Landscape drivers of dynamic change in water quality of U.S. rivers” Environmental 
Science and Technology, 54, 4336-4343.
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Marginal National Means (1982-2012)

Stets et al. (2020) “Landscape drivers of dynamic change in water quality of U.S. rivers” Environmental 
Science and Technology, 54, 4336-4343.
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Winning the battle losing the war?

While many of our nation’s streams and rivers carry 
less nutrients and suspended solids today than they did 
20 or 30 years ago, “freshwaters are being salinized 
rapidly in all human-dominated land use types.”

Stets et al. (2020) “Landscape drivers of dynamic change in water quality of U.S. rivers” Environmental 
Science and Technology, 54, 4336-4343.



National Trend Distribution (Sp Cond)



*Sampled 1924 rivers and 
streams in 2008/09
*Provides a ”snapshot” of 
water quality status across 
the nation



National Patterns of Sp Cond



Winning the battle losing the war?
(amended)

While many of our nation’s streams and rivers carry 
less nutrients and suspended solids today than they did 
20 or 30 years ago, “freshwaters are being salinized 
rapidly in all human-dominated land use types.”

Stets et al. (2020) “Landscape drivers of dynamic change in water quality of U.S. rivers” Environmental 
Science and Technology, 54, 4336-4343.

(the Mid-Atlantic and Northeast regions are ”hot spots” for rising salinity (USGS 
NAWQA and Sujay’s trend analysis) but they also have relatively low baseline salinity 
compared to many other parts of the US (EPA NRSA))
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A New “Grant” (no, not the kind with 
two legs, two arms,…)

Stanley B. Grant, Professor of CEE, Virginia 
Tech, stanleyg@vt.edu



Growing Convergence Research (GCR) 
Program at the National Science 

Foundation (NSF)
• One of NSF’s “Ten Big Ideas”
• $3.6M over five years, Starts 9/1/20
• Virginia Tech, University of Maryland, North 

Carolina State University, Vanderbilt
• Focus on salt management in the Occoquan 

Watershed testbed

Stanley B. Grant, Professor of CEE, Virginia 
Tech, stanleyg@vt.edu
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“Common Pool Resource Theory as a Scalable Framework For 
Catalyzing Stakeholder-Driven Solutions to the Freshwater 

Salinization Syndrome”

Bhide, S.V., Grant, S.B. et al, (2020) “Addressing the contribution of indirect potable reuse to inland freshwater 
salinization” Nature Sustainability, submitted



Elinor Ostrom’s Common Pool 
Resource Theory—an answer to the 

‘Tragedy of the Commons’
• Motivation: because salinity is rising in the

Occoquan Reservoir, its salt budget is out of
balance

• Goal: to foster collaborative learning and 
discovery, leading to stakeholder-driven 
bottom-up management of the salt budget for 
the Occoquan Reservoir (as opposed to top-
down regulatory control)



NSF Grant Timeline
• Grant Awarded 9/1/20
• Executive Committee on the Occoquan Sewershed (ECOS)
• Phase I (Y1,Y2): Contribution of UOSA to Occoquan

Reservoir Salt Budget
– Ion concentrations, loads and ratios
– Effects of effluent on mobilization of nutrients and heavy 

metals, biological toxicity
– Ion sources in the sewershed
– Develop predictive capability—if intervention X occurs, Y 

response is likely
– Iterative process—ECOS involved in formulation of research 

questions, research approach and interpretation of results
– Hypothesis: process will improve common understanding and 

spur bottom up management interventions



NSF Grant Timeline
• Reverse Site Visit (6/2022) (full panel review at NSF)
• NSF decides whether to continue funding the project
• If so, Executive Committee on the Occoquan Watershed (ECOW)
• Phase II (Y3-Y5): Contribution of Watershed to Occoquan Reservoir 

Salt Budget
– Ion concentrations, loads and ratios
– Effects of discharges on mobilization of nutrients and heavy metals, 

biological toxicity
– Ion sources in the watershed
– Develop predictive capability—if intervention X occurs, Y response is 

likely
– Iterative process—ECOW involved in formulation of research 

questions, research approach and interpretation of results
– Hypothesis: process will improve common understanding and spur 

bottom up management interventions
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What is an National Science Foundation 
Engineering Research Center (NSF ERC)?

• NSF’s “Grand Prize” for Engineering (program 
started in 1985)

• $50M from NSF over 10 years, + matching funds 
from university & industrial partners

• VT had one in Power Electronics (1998 to 2008), 
but none since (a priority for the university)

• This “Gen-4” NSF ERC competition cycle focuses 
on: 
– Convergent Engineering
– Societal Grand Challenge



“Convergent Engineering”

“Integrates knowledge, tools, and ways of 
thinking across disciplinary boundaries…to 
form a synthetic framework for tackling 
scientific and societal challenges” 

National Research Council, “Convergence: Facilitating Transdisciplinary Integration of 
Life Science, Physical Sciences, Engineering, and Beyond” (2014). doi: 
10.17226/18722



Engineering Research Center for
Reversing Freshwater Salinization 

(ReFRESH)
• Four “Core Partner” Universities
– Virginia Tech, Howard U., University of Illinois Urbana 

Champaign, UCLA (+/- RPI)
– Three Testbeds in Northern Virginia, Illinois, and Southern 

California (+/- Jefferson Project, Lake George, NY)
• Affiliated Institutions
– UMD, UCR, NC State U, University of Melbourne, UC 

Denver
– WRF



ERC Process

• Letter of Intent (due Sept 2, 2020)
• 10-page pre-proposal (due October 2, 2020)
• NSF Panel decides whether to invite or not
– No Invitation—relax!
– Invitation—Full Proposal due May 7, 2020

• NSF Panel reviews Full Proposal
– Rejected—relax!
– Site visit—sometime in 2021

• If all hurdles are cleared, funded in 2022



National Patterns of Sp Cond



Reversing Freshwater Salinization 
(ReFRESH)-Draft Three Plane Diagram
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Researcher Lineup



Questions?


