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Subsurface storage…
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…or a broader vison?
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Why recharge? 
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Swain et al. 2018; CA DWR

Global weirding 



CA DWR; Swain et al. 2018

Global weirding 



Visible impacts

USGS



Why recharge? 
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• Increase
• storage
• groundwater levels

• Mitigate impacts 
• subsidence
• seawater intrusion 
• Impacts to water quality.
• interconnected surface waters
• Habitat including groundwater 

dependent ecosystems
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Institutions as a through-line
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Inspiration: Heyborne Ponds Project, Ovid, CO



Image: Ducks UnlimitedMilman et al. 2021. 

Unusual benefits…

Wildlife conservation
Threatened and endangered species 
recovery
Recreation
Water availability for agriculture 



Image: Ducks Unlimited
Milman et al. 2021. 

… and strange bedfellows
 
Ducks Unlimited
South Platte River Ranch
Lower South Platte Water Conservancy District
South Platte Water Related Activities Program, Inc
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Incentives: Recharge Net Metering (ReNeM), 
Pajaro Valley, CA

“Show me the incentive and I will show 
you the outcome.”
     -Charlie Munger



Pajaro Valley, CA

Source: Dr. Andrew Fisher
Beganskas et al. 2021 

https://mavensnotebook.com/2017/09/20/dr-andy-fisher-enhancing-groundwater-recharge-with-stormwater/




Recharge Net Metering

● Participants infiltrate water 
● Participants receive a rebate payment 
● No right to withdraw additional water
● ReNeM’s benefits accrue to both participants & the 

groundwater basin 

Recharge Net Metering (ReNeM)

Incentive payment = 𝛌QtCt

Scaling factor (𝛌)
Net infiltration (Qt)
Volumetric pumping fee (Ct)

Kiparsky et al. 2018, Miller et al. 2021



● Users “deposit” water (real or paper) 
● Users receive the right to withdraw the water later 
● Benefits accrue to bank users 

Recharge Net Metering

● Participants infiltrate water 
● Participants receive a rebate payment 
● No right to withdraw additional water
● ReNeM’s benefits accrue to both participants & the 

groundwater basin 

Groundwater banking 

Recharge Net Metering (ReNeM)

Kiparsky et al. 2021, Kiparsky et al. 2018, Miller et al. 2021



ReNeM makes economic sense…

Conservation

Watsonville Slough recharge basins

Murphy Crossing recharge basins

Desalination

ASR

Source: Bruce et. al. (2023)

https://www.nature.com/articles/s44221-023-00141-1


…and is win-win

Bruce et al. 2023
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Innovation and implementation



Indirect potable reuse via rechargeLarge scale constructed treatment wetlands

Resource recovery Attempted resource recovery and 
integrated management

Green Nylen et al. 2022 PLOS Water

Innovation case studies



Sustainable Water Initiative for Tomorrow 
HRSD, Coastal Plain Region, VA

https://www.hazenandsawyer.com/uploads/images/resizer_ca
che/8fafcad89074762cefa08b5532a95b1e6f182c6e.jpg https://www.hazenandsawyer.com/uploads/slideshows/Artboard_2-100.jpg

• Indirect potable reuse 
via aquifer recharge

Green-Nylen 2021, Green Nylen et al. 2023 



Green Nylen et al. 2023 
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Conclusions
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Thank you


