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› Studies highlight potential risks to 
coastal sites due to sea level rise:
› EPA1 identified 56 TSDFs susceptible 

to “high” SLR scenario
› Hill et al.2 identified 326 US 

Superfund sites and >5,000 sites in 
the San Francisco Bay region 
vulnerable to “intermediate” SLR 
scenario

Sea Level Rise and Contaminated Sites
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Effects of Coastal Sea Level Rise on US 
Hazardous Waste (EPA, May 2023)

1U.S. Environmental Protection Agency (2023), Effects of Coastal Sea Level Rise on US Hazardous Waste
2Hill, K., Hirshfeld, D., Lindquist, C., Cook, F., Warner, C. S. (2023), Rising Coastal Groundwater as a Result of Sea-Level Rise Will Influence Contaminated Sites and Underground Infrastructure  

https://rcrapublic.epa.gov/rcra-public-web/action/posts/5
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023EF003825


CRA Tools and Guidance
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• Draft Sea Level Rise Guidance 
to DTSC Project Managers for 
Cleanup Activities (DTSC, 2023)

• Consideration of Climate Resilience in the 
Superfund Cleanup Process for Non-Federal 
NPL Sites (EPA, 2021)

• Conducting Climate Vulnerability 
Assessments at Superfund Sites (EPA, 2023)

• DoD Climate Assessment Tool 
       (Gade et al., 2020)
• DoD Installation Exposure to Climate 

Change at Home and Abroad  
       (Pinson et al., 2021)

https://dtsc.ca.gov/wp-content/uploads/sites/31/2023/02/DTSC-SLR-GUIDANCE-February-2023.pdf
https://www.epa.gov/system/files/documents/2023-11/cva_issuepaper_nov2023_508c.pdf
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Vapor Intrusion Conceptual Site Model
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Vapor entry via 
diffusion and 

advection through 
cracks, openings, 

and conduits

Partitioning across 
capillary fringe

Contaminated 
groundwater  

Diffusion through 
vadose zone

Indoor air 
exchange and 
mixing



› Drought
› Coastal Flooding
› Riverine Flooding
› Heat 
› Energy Demand
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Climate Hazards
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Sea Level Rise
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Contributors to global sea level rise (1993-2018)



Sea Level Rise Projections
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VI Conceptual Site Model with Sea Level Rise
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Current Sea Level

Projected Sea Level Rise

Saltwater-Freshwater Interface

› Groundwater table rise from 
upgradient horizontal flow
› Reduced hydraulic gradient
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Groundwater Level Fluctuation

Rising  
› Reduced distance between capillary 

fringe and building
› Short-term increase in vapor flux due 

to soil vapor displacement

Falling
› Increased distance between capillary 

fringe and surface
› Short- to medium-term increase in 

vapor flux due to greater air entry into 
deeper and possibly more 
contaminated regions

Image from Vapor Intrusion of Entrapped NAPL Sources and 
Groundwater Plumes: Process Understanding and 
Improved Modeling Tools for Pathway Assessment 

(Illangasekare et al., 2019, SERDP Project ER-1687)



VI Conceptual Site Model with Sea Level Rise
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Current Sea Level

Projected Sea Level Rise

Saltwater-Freshwater Interface

› What about conduit VI pathways?
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Indoor Air Exchange Rates
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Indoor air exchange rate at ASU VI Research House, 
typically 0.6 to 1.0 hr-1 daily averages, 0.4 to 1.5 hr-1 
instantaneous values (Figure 3, Holton et al., 2013)

Estimated mean air-change rate for the US housing 
stock, by year of construction (Figure 3, Nazaroff, 

2020, Residential air-change rates: A critical review)
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› Climate hazards should be considered as part of long-term site 
management.
› Groundwater table fluctuation can increase the risk of vapor 

intrusion but not for all CSMs
› Regional SLR and GWR projections should be verified with 

local data. 
› Next steps…

Summary and Recommendations
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QUESTIONS?





In the news…
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https://grist.org/cities/what-it-means-groundwater-is-rising/
https://axios.com/2023/12/10/sea-levels-hazardous-waste-climate-change
https://news.berkeley.edu/2023/06/20/rising-groundwater-threatens-thousands-of-toxic-sites-in-the-bay-area/#:~:text=A%20new%20report%20finds%20that,managed%20contaminated%20sites%20at%20risk.
https://www.bloomberg.com/news/articles/2023-09-28/a-hidden-climate-danger-threatens-coastal-communities?srnd=green&sref=s4jM8V8F
https://www.washingtonpost.com/climate-environment/interactive/2024/septic-tanks-rising-waters-environment-health/
https://www.wateronline.com/doc/rising-groundwater-could-release-toxic-chemicals-more-than-contaminated-sites-across-u-s-0001
https://www.technologyreview.com/2021/12/13/1041309/climate-change-rising-groundwater-flooding/
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Groundwater Level  Fluctuation (SERDP ER-1687)
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› 90% of our time indoors?
› National Human Activity Pattern 

Survey (NHAPS) found Americans 
spend 87% of their time indoors 
and 6% in vehicles (2001)
› Two-year study (n = 9,386) 

completed between 1992 and 1994

Time Spent Indoors
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