Coastal Flooding and Saltwater Intrusion
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The Coastal Groundwater “Squeeze”

Michael et al., Water Resources Research, 2018



Mechanisms of Saltwater Intrusion
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Saltwater intrusion occurs on all coasts of the US
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...and is a major problem globally
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>600 million people live within 10m of sea level
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Saltwater intrusion & Sea-level Rise
-> Ecological Change

Salinization

Rising water levels lead to drowning of the root zone
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CLIMATE CHANGE ON THE DELAWARE BAY
Rising seas leave lifeless landscape in wake
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Up and down the mid-Atlantie coast, sea levels are rising rapidly,
sosprprd i creating stands of dead trees — often bleached, semetimes
Jess, stunted stalks or blackened — known as ghost forests.

he field
The water is gaining as much as 5 millimeters per year in some

places, well above the global average of 3.1 millimeters, driven by
profound environmental shifts that incluvde climate change.

See GHOST FORESTS, Page 4A

The ghost forest next to Fowler Beach Road in Sussex County. JREY HABRAKEN, DELAWARE NEWS JOURNAL
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Saltwater intrusion laying waste to Agri cultural effects
Delmarva farms as sea level rises

— : g The Washington Post

Democracy Dies in Darkness

Ruined crops, salty soil: How rising seas are poisoning

Turning Salt-Damaged Fields into North Carolina’s farmland

- A Marshes Could Save Maryland
) - Farmland—and The Chesapeake Bay

As sea levels rise, saluwater is entering farms near the bay, damaging crops and
releasing legacy nutrients into-already-polluted waterways.
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What to do?

e Research to understand problem scope, mechanisms, economics, social
feedbacks, predict future scenarios

e Communication and education



What to do?

e Research to understand problem scope, mechanisms, economics, social
feedbacks, predict future scenarios |
Helicopter Surveys Delaware Bay For USGS Groundwater

 Communication and education Research
* Monitoring ”
- Water levels
—> Salinity of surface water, groundwater
- Contaminant levels and mobility

Pumping
Well
Monitoring
N Wells

Photo Credit: David Fisher (USGS

https://www.usgs.gov/media/images/h
elicopter-surveys-delaware-bay-usgs-
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What to do?

e Research to understand problem scope, mechanisms, economics, social
feedbacks, predict future scenarios

 Communication and education
* Monitoring
- Water levels
—> Salinity of surface water, groundwater
- Contaminant levels and mobility
e Develop solutions
- Management!
- Engineering solutions (hydraulic barriers, gray/hardened infrastructure)
- Green infrastructure — reduce feedbacks with climate change
— Science-based policies!



Desalination - Engineering Solution " e T

High energy requirement, costly maintenance {6 o ‘*{*"‘v =g
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Ground water in freshwater-saltwater environments of the Atlantic Coast
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Cape May looks for answers, and funding,
https://doi.org/10.3133/cir1262 ® [
for new desalination plant
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Artificial Recharge — Engineering solution

Inject freshwater to raise freshwater level, slowing or reversing saltwater intrusion
Example: Los Angeles, CA
High energy requirement, requires water

sea water

saltwater
wedge intrlides

paum USGS California Water Science Center-

PresSigs grqdmnt https://ca.water.usgs.gov/sustainable-

folin B aiie groundwater-management/seawater-
intrusion-california.html




Green vs. Gray Infrastructure — natural vs. hardened shorelines

Green infrastructure has benefits beyond flood protection

Smithsonian Environmental

Research Center
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AA green infrastructure examples
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Saltwater intrusion is a complex and growing issue in
the U.S. and worldwide

Mitigation and prevention requires collaboration among
policy makers, scientists, and local communities
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Resources

* Our lab website: https://sites.udel.edu/michaelhydrolab/
* Our Coastal Critical Zone Project- https://czn.coastal.udel.edu/
And short film, “Salted Earth”- https://czn.coastal.udel.edu/salted-earth/

* USGS information on saltwater intrusion- https://www.usgs.gov/mission-
areas/water-resources/science/saltwater-intrusion

* EPA information on Climate Adaptation and Seawater Intrusion-
https://www.epa.gov/arc-x/climate-adaptation-and-saltwater-intrusion

* Barlow (2003)- https://pubs.er.usgs.gov/publication/cir1262
* https://coast.noaa.gov/digitalcoast/topics/green-infrastructure.html



Groundwater Management

Example: New Jersey reversal of overpumping
New Jersey water levels after New Jersey water levels after

>100 years of pumping pumping reductions
(>120 ft recovery in some areas)

1988 1993

__Strategies:
Mt el Ground water in freshwater-saltwater environments of the Atlantic Coast s J - Reduced Pum pl ng
- Surface water use
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