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EXECUTIVE SUMMARY 
 

The mission of the ASTSWMO Investigation and Remedy Selection Focus Group (Focus Group) is to 

research issues associated with the investigation of hazardous substances and the remedy selection 

process at Superfund sites. The Focus Group will work on issues encountered during the Remedial 

Investigation and Feasibility Study stages of Superfund cleanups. ASTSWMO and its various focus groups 

actively evaluate the potential impacts and relevance of Superfund program issues to the States and works 

closely with EPA staff to identify priority issues and approaches to resolving those issues. 

Many nations did not evaluate the effects of anthropogenic activities on earth systems until the late 20th 

century, with the exponential interest in research beginning in the 1990s with the establishment of the 

Intergovernmental Panel on Climate Change (IPCC, 2020). Since then, most major national governments, 

State governments, local municipalities, tribes, major and minor universities, non-profits, governmental 

bodies such as the Army Corp of Engineers, United States Geological Survey (USGS), National Oceanic and 

Atmospheric Administration (NOAA), United States Environmental Protection Agency (EPA), and many 

other organizations and groups, have actively increased climate change research efforts to expand our 

data and knowledge. A scientific analysis of climate change must navigate complex and competing 

priorities to establish a solid ground of foundational knowledge. Therefore, this snapshot analysis of 

climate change attempts to evaluate existing science from mainly governmental sources in their effects 

on possible changes of contaminant character and distribution. 

At sites impacted by the release of hazardous substances, climate change is an emerging unit in the 

decision-making matrix. Many historic site remedial actions focused on immediate risk to human health 

and the environment. Remedy technologies focused on shorter time-frame understandings of the climate, 

assuming future influences could not be as dynamic. For example, most groundwater remedies may not 

have accounted for the possibility of salt-water intrusion, storm- water inundation or extreme drought 

and how such a change could alter contaminant mobilization through changes in plume shape or alter a 

contaminant source itself. It is imperative that the topic of climate change and the possible effect on 

contaminated sites is further evaluated.  

Section A: CURRENT CLIMATE REPORTING 

Section A.1 Evidence 

Earth system and earth science have been fields of study for many decades prior to climate change 

science. IPCC was one of the first organizations to comprehensively report on such science to demonstrate 

and conclude anthropogenic activities are accelerating changes in earth systems. This first report was 

published in 1990 and is titled The IPCC First Assessment Report (IPCC, 2018). The report projected climate 

change over the next century, including sea level rise. Since the release of the first report, IPCC has 

updated their predictions multiple times through updated publications.       

As previously stated, many different governmental organizations research and report on climate change. 

The U.S. Global Change Research Program (USGCRP) was established by Presidential initiative in 1989 and 

ƳŀƴŘŀǘŜŘ ōȅ /ƻƴƎǊŜǎǎ ƛƴ ǘƘŜ Dƭƻōŀƭ /ƘŀƴƎŜ wŜǎŜŀǊŎƘ !Ŏǘ ƻŦ мффл ǘƻ ŘŜǾŜƭƻǇ ŀƴŘ ŎƻƻǊŘƛƴŀǘŜ άŀ 

comprehensive and integrated United States research program which will assist the Nation and the world 

to understand, assess, predict, and respond to human-ƛƴŘǳŎŜŘ ŀƴŘ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎŜǎ ƻŦ Ǝƭƻōŀƭ ŎƘŀƴƎŜέ 

(USGCRP, 2020).  
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USGCRP comprises 13 Federal agencies that conduct or use research on global change and its impacts on 

society. This program functions under the direction of the Subcommittee on Global Change Research of 

ǘƘŜ bŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ /ƻǳƴŎƛƭΩǎ /ƻƳƳƛǘǘŜŜ ƻƴ 9ƴǾƛǊƻƴƳŜƴǘΣ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎΣ ŀƴŘ 

Sustainability. In 2018 the USGCRP published its fourth version of its National Climate Assessment. Below 

are conclusions and findings presented in the USGRCP Fourth National Climate Assessment Report 

(USGCRP, 2020). 

The Fourth National Climate Assessment ŎƻƴŎƭǳŘŜǎΣ ōŀǎŜŘ ƻƴ ŜȄǘŜƴǎƛǾŜ ŜǾƛŘŜƴŎŜΣ ǘƘŀǘ ƛǘ ƛǎ άŜȄǘǊŜƳŜƭȅ 

ƭƛƪŜƭȅέ ǘƘŀǘ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎŀǳǎŜ ƻŦ ǘƘŜ ƻōǎŜǊǾŜŘ ǿŀǊƳƛƴƎ ǎƛƴŎŜ ǘƘŜ ƳƛŘ-20th century. 

The report further concludes, in addition to warming, many other aspects of global climate are changing. 

Thousands of studies conducted by researchers around the world have documented changes in surface, 

atmospheric, and oceanic temperatures; melting glaciers; diminishing snow cover; shrinking sea ice; rising 

sea levels; ocean acidification; changes in frequency and intensity of storms; increasing drought conditions 

in places; increasing wildfire incidences in the American West; and increasing atmospheric water vapor, 

which, due to the inherent nature of more water in the atmosphere, leads to more frequent storm events 

and increases the greenhouse gas effect by trapping solar radiation in the atmosphere. Specifically, 

USGRCP concludes, global average sea levels are expected to continue to rise by at least several inches in 

the next 15 years and by 1ς4 feet by 2100. Sea level rise will be higher than the global average on the East 

and Gulf Coasts of the United States (USGRCP 2018).  

To further highlight these statements by USGRCP, a few notable NOAA conclusions from 2020 include:  

The rate of sea level rise is accelerating as it has more than doubled from 0.06 inches (1.4 

millimeters) per year throughout most of the twentieth century to 0.14 inches (3.6 millimeters) 

per year from 2006ς2015.   

In 2018, global sea level was 3.2 inches (81 mm) above the 1993 averageτthe highest annual 

average in the satellite record (1993-present). 

In many locations along the U.S. coastline, high-tide flooding is now 300% to more than 900% 

more frequent than it was 50 years ago (NOAA, 2020). 

Sea level rise should also ōŜ ŜǾŀƭǳŀǘŜŘ ƻƴ ŀ ŦƛƴŜǊ ǎŎŀƭŜ ŀǎ Ƴŀƴȅ ŦŀŎǘƻǊǎ Ŏŀƴ ƛƴŦƭǳŜƴŎŜ ŀ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀǊŜŀΩǎ 

specific sea level rise scenario. Making an overall analysis for a region, or State may be insufficient to 

determine site-specific vulnerability. The good news is many organizations have pioneered research 

efforts in trying to take the sea level rise analysis from a global, national, or regional examination to a local 

analysis. NOAA, as one example, has an online geospatial web application that maps local scenarios, 

vulnerability, and flooding from high tide. This particular tool can be accessed at 

https://coast.noaa.gov/slrdata/ . Through tools like these, one can quickly visualize possible sea level rise 

scenarios on a finer scale. In some places, such as Key West, Florida, a 1-foot prediction of sea level rise 

would devastate the area. Global sea level rise has already affected the United States, and USGCRP has 

stated the incidence of daily tidal flooding is accelerating in more than 25 Atlantic and Gulf Coast cities. 

The map below (Figure 1) demonstrates cumulative changes in relative sea level from 1960 to 2015 at tide 

gauge stations along U.S. coasts. 

 

 

https://coast.noaa.gov/slrdata/
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FIGURE 1 
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The Center for Operational Oceanographic Products and Services has been measuring sea level for over 150 years, with 

tide stations of the National Water Level Observation Network operating on all U.S. coasts. Changes in RSL, either a rise or 

fall, have been computed at 142 long-term water level stations using a minimum span of 30 years of observations at each 

location. These measurements have been averaged by month which removes the effect of higher frequency phenomena 

in order to compute an accurate linear sea level trend. The trend analysis has also been extended to 240 global tide stations 

using data from the Permanent Service for Mean Sea Level (PSMSL). This work is funded in partnership with the NOAA 

OAR Climate Observation Division. 

Though around 40% of the US population lives in a coastal county or in a county along the Great Lakes 

(U.S. Census, 2014), rising average temperatures have a much broader impact. USCGRP has reported 

heatwaves (defined by National Weather Service (https://www.weather.gov/safety/heat-during) as: a 

period of abnormally hot weather generally lasting more than two days, can occur with or without high 

humidity, and have the potential to cover a large area, exposing many people to hazardous heat) have 

become more frequent in the United States since the 1960s, while on average extreme cold temperatures 

and cold waves are less frequent. Recent record-setting hot years are projected to become more common 

soon for the United States, as annual average temperatures continue to rise. The annual average 

temperature over the contiguous United States has increased by 1.8°F (1.0°C) for the period 1901ς2016; 

over the next few decades (2021ς2050), annual average temperatures are expected to rise by about 2.5°F 

https://tidesandcurrents.noaa.gov/nwlon.html
https://tidesandcurrents.noaa.gov/redirect.shtml?url=41
http://cpo.noaa.gov/
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for the United States, relative to the recent past (average from 1976ς2005), under all plausible future 

climate scenarios (USGCRP, 2017). 

FIGURE 2 

 

The image from NOAA above demonstrates the five warmest years in the 1880ς2019 record have all occurred 

since 2015, while nine of the 10 warmest years have occurred since 2005 (NOAA 2020). This data from NOAA 

establishes record setting hot periods are already occurring. 

Other major climate change concerns for communities include: 

¶ Changes in the frequency and intensity of storm systems. Changes in the characteristics of 

extreme events are particularly important for human safety, infrastructure, agriculture, water 

quality and quantity, natural ecosystems, and contaminated site integrity. Rainfall is increasing in 

intensity and frequency globally and across the United States and is projected to continue to 

increase. The largest observed changes in the United States have occurred in the Northeast 

(USGCRP, 2017). 

 

¶ The incidence of large forest fires in the western United States and Alaska has increased since the 

early 1980s and is projected to further increase in those regions as the climate changes, with 

profound changes to regional ecosystems (USGCRP, 2017). 

 

¶ Annual trends toward earlier spring melt and reduced snowpack are already affecting water 

resources in the western United States and these trends are expected to continue. Under higher 

temperature scenarios, and assuming no change to current water resources management, 

chronic, long-duration hydrological drought is increasingly possible before the end of this century 

(USGCRP, 2017). 
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Section A.2 Planning 

Planning for climate change is an essential step in putting climate change research into action. The 

American Planning Association (APA) has been a leading organization on the climate change issue, 

adopting the initial Climate Change Policy Guide in 2008. The 2010 APA Climate Change Policy Guide 

Update continues that work by framing the problem with state-of-the-art climate science and providing a 

robust and comprehensive list to encompass communicating, mitigating, and adapting to current and 

future climate conditions, changes, and consequent impacts (American Planning Association, 2008). 

The APA has stated climate change will almost certainly prove to be one of the most important planning 

challenges of the 21st century. Planners are in a unique position to address climate change issues because 

the problem itself presents the full spectrum of the classical planning dilemma τ it is long-term in nature, 

comprehensive in scope, and significant in impact. Planners will be called upon to address both the causes 

and consequences of climate change. The issue will require proactive responses across all planning 

sectors, from land use to transportation to natural resource management to public health and safety to 

economic development. New tools and techniques will be required to develop protective measures at 

contaminated sites for climate change impacts (American Planning Association, 2008). 

Not all planners will be confronted with the same dilemmas from climate change. Planners in the 

Southwest will be forced to deal with the consequences of drier conditions while those in the Upper 

Midwest will contend with, paradoxically, lower water levels in the Great Lakes from evaporation and 

more intense precipitation patterns that will cause flooding. Planners in Alaska will have to worry about 

thawing permafrost (American Planning Association, 2008). All coastal planners will deal with sea-level 

rise and East Coast and Gulf Coast planners will additionally be concerned with changes in hurricane 

frequency and intensity as well as increasing storm surge. Planners of the American West and West Coast 

will be met with increasing frequency of wildfires. However, though there are regional similarities in 

climate change, effects should be evaluated on a municipal scale as most States will not even be impacted 

uniformly across their area. 

The prominent NOAA scientist Dr. Susan Solomon commonly advocates "Science is there to inform, but 
the choices of what to do are up to all of us." Science tells us that climate change is certain and that its 
impacts will be increasingly frequent and severe. It is up to planners to heed Dr. Solomon's call for action 
and help their communities decide what to do about climate change (American Planning Association, 
2008). 
 

Section A.3 Impacts 

The United States Government Accountability Office (USGAO) released a report in October 2019 which 

calls for the EPA to take additional actions to manage risk from climate change (USGAO, 2019). In 

presenting the results of the analysis, USGAO refers to flooding, storm surge, wildfires, and sea level rise 

as potential climate change effects. To the extent that data was available, USGAO analyzed a range of 

these potential climate change effects. For example, USGAO used the maximum extent of storm surge 

from Category 1 hurricanes as well as Category 4 or 5 hurricanes, as modeled by NOAA. 

Climate change may impact Superfund sites in various ways. An important part of addressing these 
impacts is establishing consistent tools and standard means of both analyses and adaptation to climate 
change for various projects and receptors. The USEPA, for example, has established three critical aspects 
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of climate change adaptation for Superfund Projects, which are Vulnerability Assessment, Resilience 
Measures, Adaptive Capacity & Periodic Monitoring. (https://www.epa.gov/superfund/superfund-
climate-resilience). This will be discussed in more detail below.  
 
Another example of a changing climate impacting Superfund sites are extreme precipitation events which 

may impact contaminated sediments in aquatic environments. Specifically, in a 2007 report, the National 

Research Council (NRC) noted that buried contaminated sediments at Superfund sites may be transported 

during storms or other high-flow events, becoming a source of future exposure and risk (NRC, 2007). In a 

previous project, the ASTSWMO CERCLA Post Construction Focus Group developed a checklist, Preparing 

Post-Construction Cleanup Sites for Natural Disasters, which is intended to help States in identifying 

efficient and effective measures for preparation in advance of potential natural disasters and to aid in the 

identification of likely concerns following a natural disaster. The checklist can be used to identify and 

respond to altered conditions at sites and to support action which ensures protectiveness of human health 

and the environment (ASTSWMO, 2020). USGAO concluded climate change may result in more frequent 

or intense extreme events, such as flooding, storm surge, and wildfires, among other effects, which could 

damage remedies at National Priority List (NPL or Superfund) sites and lead to releases of contaminants 

that could pose risks to human health and tƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ ¦{D!hΩǎ ŀƴŀƭȅǎƛǎ ƻŦ 9t!Σ C9a!Σ bh!!Σ ŀƴŘ 

U.S. Forest Service data has shown that more than half of Superfund sites (based on a point coordinate 

with a 0.2-mile radius as a proxy for the site boundaries) are in areas that may be impacted by selected 

climate change effects. To help ensure the long-term protectiveness of remedies, it is important for 

project managers and planners to understand how climate change effects may impact NPL sites. During 

ŦƛǎŎŀƭ ȅŜŀǊ нлнмΣ 9t!Ωǎ hŦŦƛŎŜ ƻŦ {ǳǇŜǊŦǳƴŘ wŜmediation and Technology Innovation (OSRTI) completed its 

project to develop a site boundary for all sites that are proposed to the NPL, final on the NPL, deleted 

from the NPL, or have Superfund Alternative Agreements. This map is available to the public and can be 

accessed from this link.  

(https://epa.maps.arcgis.com/home/item.html?id=d6e1591d9a424f1fa6d95a02095a06d7) 

 

Further, other large issues exist with historic NPL sites which may make them more vulnerable to climate 

change impacts. For instance, many remedies were designed to operate for decades with proper 

Operational & Maintenance (O&M). As of 2020, the remedies at numerous NPL sites are aging and have 

been in place for many years. To compound this point, older NPL site remedies were designed before (or 

in the early days) of computer modeling. Further, as previously stated, the science of climate change may 

not have been considered in choosing remedies for many NPL sites. This is an issue because costs for NPL 

sites are evaluated at initial remedy selection without consideration of climate change effects on operations and 

maintenance costs. 

Many known and unknown climate change variables can influence a site. For instance, investigations may 

need to consider a wider variation in seasonal water level changes, especially systems with coastal 

influences. Additionally, saltwater intrusion may be a major factor for coastal States with contaminated 

sites via groundwater migration or surface water inundation. Stronger and more frequent flooding events 

may mobilize contaminants that have long been sequestered through natural deposition. Active remedies 

may need to account for wider swings in temperature and potential shifting seasonal high and low 

temperatures.  

https://www.epa.gov/superfund/superfund-climate-resilience
https://www.epa.gov/superfund/superfund-climate-resilience
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fepa.maps.arcgis.com%2Fhome%2Fitem.html%3Fid%3Dd6e1591d9a424f1fa6d95a02095a06d7&data=04%7C01%7CFine.Ellyn%40epa.gov%7C296af284281f4755d7ff08d98d8c6745%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637696456425998133%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=WUOP6BlcBnnv3almJjwYsWWtBm14%2B6BJQJD3Y1S9Ogc%3D&reserved=0
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The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) directs 

EPA to give preference to remedies that would result in the permanent and significant decrease in toxicity, 

mobility, or volume of the contamination. According to EPA officials, remedies at NPL sites may have to 

be operational indefinitely, during which time the potential effects of climate change may become more 

extreme (USGAO, 2019). Therefore, it is imperative that climate change effects are built into all steps of 

the NPL process as climate change will only continue to be more impactful on sites in the future.  

The EPA has published the Climate Change Adaptation Resource Center online which provides adaptation 

strategies intended to inform and assist communities (https://www.epa.gov/arc -x). The Resource Center 

presents communities possible alternatives to address anticipated current and future climate threats to 

contaminated site management. The Climate Change Adaptation Resource Center addresses climate 

threats such as temperature, precipitation, wind, wildfires, and sea level rise. Each threat category goes 

into further detail discussing the potential pressures to any possible remedial system on a site such as 

contaminated sediments, groundwater extraction, aboveground components of treatment systems, and 

dozens of other possible remedies at sites. The Climate Change Adaptation Resource Center gives a 

comprehensive analysis of climate change impacts to site designs, technology, and remedies. 

Analysis of climate change at the community level is essential to understand what impacts may directly 

occur at this scale. For example, a State specific Sea Level Vulnerability Assessment establishes a 

foundational intermediate analysis to best understand climate change impacts locally. In 2013, the 

Governor of Delaware mandated Executive Order 41 specifically directing all State departments and 

agencies to prepare Delaware for emerging climate change and sea level rise impacts. In response, 

5ŜƭŀǿŀǊŜΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ /ƻƴǘǊƻƭΩǎ 5ƛǾƛǎƛƻƴ ƻŦ /ƭƛƳŀǘŜΣ /ƻŀǎǘŀƭΣ 

and Energy published a Sea Level Rise Vulnerability Assessment for the State of Delaware titled Preparing 

ŦƻǊ ¢ƻƳƻǊǊƻǿΩǎ IƛƎƘ ¢ƛŘŜ. The report evaluates over 79 different State resources that may be impacted 

by sea level rise. Of these resources, the report analyzes contaminated properties such as brownfield sites, 

leaking underground storage tanks, salvage yards, dumps, and landfills. The report gives a preliminary 

assessment of the numbers and/or percentage of sites that could be impacted by delineated and plausible 

sea level rise scenarios. For example, the report has found that of the total number of DNREC Remediation 

Section sites in the analysis (785) 33% would be affected by a 0.5-meter rise in sea level, 39% would be 

affected by a 1.0-meter sea level rise, and 44% would be affected by a 1.5-meter rise in sea level (DNREC, 

2012). An important conclusion in nearly all contaminated site scenarios is the need to further evaluate 

sites on a site-specific basis as, due to inherent differences, not all will be impacted in the same way or by 

the same type of scenarios. 

Section B: Climate Change Categories and Potential Effects 

Section B.1 Increasing Precipitation  

Climate change has measurably increased precipitation and has impacted the type of precipitation. This 

increase in precipitation has the potential to detrimentally impact the stability of contaminants in varying 

media which can create challenges for remedial project managers when conducting investigation, 

remediation, and long-term stewardship. This section will explore the evidence of increased precipitation 

and what impacts could occur. 

 

https://www.epa.gov/arc-x
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B.1.a The Evidence 

Increasing or extreme precipitation is defined as storm events that occur over short to moderate durations 

with substantially larger than average volumes of rain occurring in a generally localized area. While there 

is no apparent standard benchmark, these events often occur in such volumes that they are easily 

discernable compared to historical records. Seasonal variation in precipitation, such as the increase in rain 

and decrease in the snow contributing to snowpacks, also occurs. Seasonal differences in precipitation 

allow for immediate overland transport of water. (https://www.epa.gov/climate-indicators/climate-

change-indicators-heavy-precipitation) 

The global atmospheric temperature increase associated with climate change has created conditions that 

foster extreme precipitation events.  While temperature modeling and prediction is a more exact science, 

precipitation modeling and predictions are not as precise either on a global or local scale. Most 

precipitation prediction models agree that where there is currently regular precipitation, there will be an 

increase and where there is a lower rate of precipitation, there will be a decrease. Figure 3 depicts the 

compilation of several global precipitation models with purple showing increase and orange showing 

ŘŜŎǊŜŀǎŜ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ άŘƻǘǘŜŘ ǎŜŎǘƛƻƴǎέ ǿƘŜǊŜ ф ƻǳǘ ƻŦ мл ƳƻŘŜƭǎ ǎƘƻǿŜŘ ŎƻƴŎǳǊǊŜƴŎŜ ǿƛǘƘ ǘƘŜ 

predicted change. 

(https://www.carbonbrief.org/explainer-what-climate-models-tell-us-about-future-rainfall) 

FIGURE 3 

CMIP5 RCP8.5 multi-model average percent change in total precipitation (rain and snow) between 1981- 2000 and 

2081-2100 by season. Uses one run for each model, 38 models total. Data from KNMI Climate Explorer 

(https://climexp.knmi.nl/start.cgi?id=); map by Carbon Brief. 

https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.carbonbrief.org/explainer-what-climate-models-tell-us-about-future-rainfall
https://climexp.knmi.nl/start.cgi?id=
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Atmospheric temperature increase allows for higher percentage of water vapor to be carried by air. The 

increase in air temperature also accelerates evaporation rates and will more rapidly increase the 

percentage of moisture in air. 

 (htps://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=2469ύΦ ά²ƘŜƴ ƳƻǊŜ ƳƻƛǎǘǳǊŜ-

laden air moves over land or converges into a storm system, it can produce more intense precipitationτ

ŦƻǊ ŜȄŀƳǇƭŜΣ ƘŜŀǾƛŜǊ Ǌŀƛƴ ŀƴŘ ǎƴƻǿǎǘƻǊƳǎΦέ όhttps://www.epa.gov/climate-indicators/climate-change-

indicators-heavy-precipitation). For each increase of 1.0 degree Celsius there is a 7% increase in water 

ǾŀǇƻǊ ŎŀǇŀŎƛǘȅΦ /ƭƻǳŘǎ ǘƘŀǘ ŀǊŜ άǎŀǘǳǊŀǘŜŘέ ǿƛǘƘ ƘƛƎƘŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǿŀǘŜǊ ǾŀǇƻǊ ƛƴŎǊŜŀǎŜ ǘƘŜ ƛƴǘŜƴǎƛǘȅ 

of precipitation per event. Events such as these have been tracked across the United States of America 

since the 1950s. The eastern seaboard and Great Lakes states have reflected the greatest increase of 

precipitation in extreme precipitation events (top 1% of all events). Figure 4 shows the increase in extreme 

precipitation events across the U.S.A. Heavy precipitation does not necessarily mean the total amount of 

precipitation at a location has increasedτjust that precipitation is occurring in more intense events. 

(https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation) 

 

FIGURE 4 

 

Figure 4 shows percent increases regionally in the amount of precipitation falling in very heavy events 

(defined as the top 1% of all daily events) from 1958 to 2012 from the National Climate Assessment (U.S. 

Global Change Research Program, 2014). 

https://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=2469
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
http://nca2014.globalchange.gov/report/our-changing-climate/heavy-downpours-increasing#graphic-16693
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B.1.b Impacts 

Rising Groundwater Levels 

In the United States, the Midwest and the Northeast have seen the strongest increase in precipitation 

since the 1950s. Extreme Precipitation and Climate Change | Center for Climate and Energy Solutions 

(c2es.org) As these areas of the U.S. experience a higher frequency of extreme precipitation events, these 

areas may experience a rise in groundwater levels.  While dependent upon local recharge potential rates 

the rise of the groundwater levels (water table) could impact the extent and time frames of remedial 

investigations. Rising groundwater elevations may necessitate seasonal monitoring and may also mobilize 

groundwater contaminants that could move beyond previous points of compliance. Areas that had 
previously been stable or at least predictable in terms of groundwater level may need to be re-

investigated. 

There are a series of changes in groundwater that could impact the understanding of the extent of 

contaminant plumes. Individual contaminant classes typically have their own set of characteristics such 

as solubility and rates of dispersion or diffusion, which drive the fate and transport of contaminants within 

a plume. However, each of these characteristics can be influenced by an increase in precipitation which 

can create plumes that travel longer distances and spread wider. The local groundwater gradient can be 

affected when the rate of recharge is increased due to extreme precipitation events. 

Groundwater Monitoring and Treatment 

Most groundwater remedies include in-situ treatment, pump and treat, monitored natural attenuation or 

a combination of these (EPA July 2020). Groundwater monitoring is essential for evaluating the 

effectiveness of a site remedy. For a remedy to continue to be protective of human health and the 

environment, the remedy must remain effective. Groundwater monitoring networks that had been 

designed and implemented in more stable groundwater regimes may need to be reevaluated if the 

precipitation changes noted above have been observed. Pump and treat systems, while only about 20% 

of groundwater remedies, are used to control contaminant plume migration and remove or decrease the 

level of contamination in groundwater. Rising levels of groundwater may result in a longer treatment 

period or treatment of a larger volume of water. Well networks may need to be reevaluated and 

expanded, or the location of wells moved if the plume shows a change in concentration following an 

extreme precipitation event. Monitoring of groundwater levels and contaminant concentrations 

immediately following an extreme precipitation event should be contemplated. Observations made after 

an extreme event could provide a valuable snapshot of elevations and contaminant concentrations that 

can otherwise be missed. This is because monitoring plans are often designed for more stable parameters. 

Vapor Intrusion 

An increase in precipitation can also have an impact on the ability to assess or mitigate vapor intrusion of 

contaminants. The extreme precipitation event and rise in groundwater level could create the situation 

where subsurface contaminant source zones are inundated with groundwater. This scenario decreases 

the vadose zone, potentially mobilizing contaminants there and potentially forcing soil vapor to migrate 

vertically or laterally at a rate previously not anticipated. 

(https://www.epa.gov/sites/production/files/2015-09/documents/oswer-vapor-intrusion-technical-

guide-final.pdf) 

https://www.c2es.org/content/extreme-precipitation-and-climate-change/
https://www.c2es.org/content/extreme-precipitation-and-climate-change/
https://www.epa.gov/sites/production/files/2015-09/documents/oswer-vapor-intrusion-technical-guide-final.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/oswer-vapor-intrusion-technical-guide-final.pdf
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Existing vapor intrusion mitigation systems can be impacted or bypassed with a localized increase in 

precipitation. Rising groundwater levels can interfere with subsurface infrastructure including 

remediation systems. Site conditions subjected to increased precipitation could drive a rise in water levels 

which could inundate contaminated vapor collection points should the previously unsaturated vadose 

zone become saturated. Rather than collecting vapor, these points could passively or actively collect 

contaminated groundwater which is not what such systems were designed to do.   

Vapor barriers that are in contact with groundwater could fail from the increased upward pressure as the 

design specifications did not account for these pressures. The materials used to seal sections of vapor 

blocking fabrics could be impacted by a sudden increase in pressure from recharge above or from a rise 

in groundwater.  

Increased Surface Water Flow and Flooding 

Increasing precipitation during extreme events will have an adverse impact on natural areas that collect 

water. Natural systems can accommodate larger than average precipitation events by overflowing banks 

of a river or rising over and enlarging the edges of lakes. The increase in precipitation is not so readily 

accommodated when humans have built cloǎŜ ǘƻ ƻǊ ƻǾŜǊ ǿŀǘŜǊ ōƻŘƛŜǎΦ aǳŎƘ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ ƛƴŘǳǎǘǊƛŀƭ 

past occurred along the banks of rivers and lakes and would be negatively impacted by increased 

precipitation even if environmental contamination were not present or previously mobile. 

FIGURE 5 

 



   
 

 14  
 

An increase in precipitation in rivers and lakes can change the flow dynamics beyond typical precipitation 

events. The dynamic action of water in motion can scour the edges or bottoms of waterways and 

potentially mobilize or expose contaminants present in sediments. Figure 5 depicts recorded changes in 

the magnitude or river flooding in the United States since 1965. Please note that the areas of modelled 

increased precipitation in Figure 3 and Figure 4 correlate with the increased river flows in Figure 5. 

Surface water quality 

Changes in the timing, intensity and duration of precipitation can negatively affect water quality. Flooding, 

a result of increased precipitation and intense precipitation, transports large volumes of water, sediment, 

and contaminants into waterbodies. Flooding also can overload stormwater systems, wastewater 

systems, and combined sewer systems, resulting in untreated pollutants directly entering waterways. 

Dependent upon the nature of the facilities that feed the system and the accumulated sediment in sewer 

pipes, it could reasonably be concluded that persistent, bio-accumulative, and toxic compounds are 

mobilized from the sewer pipes and have an immediate and long-term detrimental impact on surface 

water quality.   

In regions with increased rainfall frequency and intensity, more pollution and sedimentation might be 

produced because of uncontrolled runoff from regulated sites. Typical engineering for capped sites, either 

sloped with an assumed limited site reuse or level when the site is intended to be redeveloped, are not 

designed to account for sudden intense storms or prolonged precipitation events.  

As noted, previously constructed remedial actions did not contemplate the potential for increased 

precipitation and will be vulnerable. Remedial actions should account for much more intense precipitation 

events in parts of the country susceptible to increased precipitation. 

Section B.2 Sea Level Rise (SLR) 

B.2.a Evidence 

It is difficult to name something which is more influentiŀƭ ƻƴ ǿŜŀǘƘŜǊ ŀƴŘ ŎƭƛƳŀǘŜ ǘƘŀƴ ǘƘŀǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ 

ƻŎŜŀƴǎΦ /ƻǾŜǊƛƴƎ ǎŜǾŜƴǘȅ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǇƭŀƴŜǘΩǎ ǎǳǊŦŀŎŜΣ ǘƘŜ ƻŎŜŀƴǎ ƛƴŦƭǳŜƴŎŜ ŀƴŘ ŀǊŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ 

weather and climate change on the local and global scale alike. One of the largest climate change issues 

affecting the oceans is sea level rise (SLR) which, after a 2000-year period of relative stability, has occurred 

at an accelerated rate in recent years. In fact, when averaged globally, sea levels have risen at a rate of 

6/10ths of an inch per decade since 1880, which continues to accelerate with time. Climate change is almost 

synonymous with average global temperature rise and the greenhouse effect; as anthropogenic carbon 

ƻǳǘǇǳǘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ōǳƛƭŘǳǇ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΣ ǎǳrface temperatures 

rise causing two main contributors to sea level rise: 1) changes in water and ice volume on land (i.e. 

melting of glaciers and ice sheets) which increases the volume of water in the oceans, and 2) as water 

ǿŀǊƳǎΣ ƛǘ ŜȄǇŀƴŘǎ όάǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴέύ ŀƴŘ ŜŦŦŜŎǘǎ ǘƘŜ ŜƴǘƛǊŜ ƻŎŜŀƴ ǿŀǘŜǊ ŎƻƭǳƳƴΦ 

(https://www.epa.gov/climate-indicators/climate-change-indicators-sea-level) 

 

 

 

https://www.epa.gov/climate-indicators/climate-change-indicators-sea-level
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FIGURE 6 

 

SLR, also known as marine transgression, can be measured two ways: global average sea level change and 

relative sea level change. Global average sea level change measures only sea height while relative sea 

level change measures sea height relative to land. This is important to distinguish as regional trends vary. 

Since sea level can be influenced by both local changes and land movement and longer-term broader 

changes based on coastal circulation patterns which are also variable in response to climate change. Sea 

Level change impacts different areas in different ways for a range of reasons including but not limited to 

geography, existing infrastructure/man-made structures along the coastline aiding or compounding SLR, 

and isostatic rebound and counter-sinking land which is a response to the melting of and alleviation of the 

weight of ice sheets during the last ice-age during the Pleistocene (roughly 2.6 mya ς 11,700 years ago). 

In the U.S., this is especially observed along the mid-Atlantic coast and parts of the Gulf Coast where some 

stations have measured sea level increases of over 8 inches between 1960-2020.   

(https://www.epa.gov/climate-indicators/oceans) 

 

 

https://www.epa.gov/climate-indicators/oceans
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FIGURE 7 

 

The mid-Atlantic coastal plain is particularly vulnerable to SLR due to geography with a flat coastline close 

to sea level elevation, thousands of square miles of marshes/wetlands. In addition, counter sinking of the 

area can occur as lands to the north rebound in reaction to the melted ice sheets. Human influences 
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should not be discounted as navigation and flood control structures which block wetland migration or 

sediment movement and withdrawal of underground resources such as water, oil, and natural gas can 

ŎŀǳǎŜ ǊŜƭŀǘƛǾŜ ƭŀƴŘ ǎǳōǎƛŘŜƴŎŜΦ ¢ƘŜ DǳƭŦ /ƻŀǎǘΩǎ ƘƛƎƘ ǊŜƭŀǘƛǾŜ {[w Ŏŀƴ ōŜ ŀǘǘǊƛōǳǘŜŘ Ƴŀƛƴƭȅ ǘƻ ǘƘŜƛǊ ƭƻŎŀǘƛƻƴ 

in a sedimentary basin prone to subsidence and a complex history of man-made flood controls and water 

and mineral extraction. (https://texasclimatenews.org/new-study-confirms-gulf-coast-sea-level-rise-

among-the-countrys-highest) 

¢ƘŜ ƻŎŜŀƴΩǎ ǊƻƭŜ ƛƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ŀ Ƴǳƭǘƛ-faceted game of give-and-take. In general, the oceans provide 
heat storage and stability because of the high volume and the high specific heat property of ocean water. 
In other words, changes to ocean systems are slower and more gradual as compared to other dynamic 
systems on Earth (e.g., atmospheric systems, ecological systems, etc.) but this in turn means that any 
efforts to stabilize these systems in the oceans will also take time to achieve. Further, while the oceans 
store excess CO2/dissolved carbon, the accelerating concentrations of carbon in the oceans lead to 
acidification, decreasing the buffering capacity of waters and inhibits coral and shell building. This in turn 
decreases biodiversity.  
 
Humans are starting to recognize that planning for resiliency in any long-term project is imperative, 
especially when it comes to rising sea levels. This can apply to urban planning and zoning, property 
development, and land management tactics, particularly along coastlines. For environmental remediation 
projects, planning for resilient remedies in the face of climate change and SLR is particularly important for 
many reasons beyond the efficacy of the remedy. Coastal flooding can cause infrastructure and remedial 
system damages, releases of contaminants at sites, and many other negative and often disastrous effects 
which will be detailed below. Recognizing that this is something which must be folded into remedial 
alternative evaluations and as remedial actions are planned on hazardous waste sites, the USEPA has 
established three critical aspects of climate change adaptation for Superfund Projects, as mentioned 
above in Section A.3, which are Vulnerability Assessment, Resilience Measures, Adaptive Capacity & 
Periodic Monitoring. (https://www.epa.gov/superfund/superfund-climate-resilience) 
 

B.2.b Impacts 

9ǾŜƴ ōŜŦƻǊŜ ŀ wŜƳŜŘƛŀƭ LƴǾŜǎǘƛƎŀǘƛƻƴ Ƙŀǎ ōŜƎǳƴΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ǇƻǘŜƴǘƛŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 

vulnerabilities or impacts at the site. Virtually every site along or near a coastline or estuary must address 

the projections of SLR over the course of the decades to come. While these considerations must be built 

into the remedy evaluation which includes feasibility study (FS) development, it is important to keep this 

in mind even while planning the investigation which will ultimately inform the FS.  

¢ƘŜ ŦƛǊǎǘ ǎǘŜǇ ƛƴ 9t!Ωǎ ŎǊƛǘƛŎŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ ŦƻǊ {ǳǇŜǊŦǳƴŘ ǇǊƻƧŜŎǘǎ ƛǎ ŀ ǾǳƭƴŜǊŀōƛƭƛǘȅ 

assessment. After listing and describing all the potential vulnerabilities and exposures to SLR that exist at 

a site, one must assess if vulnerabilities will be caused by climate/weather hazards of concern through 

events or through sustained changes, or both. The second step is determining how sensitive a site and its 

remedial alternatives are to these climate/weather hazards of concern. It is important to note how much 

and to what degree will the potential hazards reduce the effectiveness of the remedy? 

In essence, the vulnerability assessment consists of measuring the degree of impact of SLR at the 

remediation site (sensitivity assessment) and identifying the receptors to those impacts (exposure 

assessment), such as people, infrastructure, remedial components, and land uses which may be affected.  

https://texasclimatenews.org/new-study-confirms-gulf-coast-sea-level-rise-among-the-countrys-highest
https://texasclimatenews.org/new-study-confirms-gulf-coast-sea-level-rise-among-the-countrys-highest
https://www.epa.gov/superfund/superfund-climate-resilience
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Vulnerabilities at remediation sites in relation to SLR are many and must be considered as early in the 

project as possible. Vulnerabilities can include: 

¶ Coastal Flooding  

This can include short term issues such as storm surge and drainage problems with increased 

frequency of severe weather, as well as slower, long term site inundation and land loss over 

time. Saltwater intrusion can increase and affect surface soils, groundwater, and important 

baseline data at the site. 

 

¶ Increased Erosion  

Increased severe weather and long-term sea-level changes increase coastal erosion which can 

undermine site structures and remedial elements and even lead to contaminant releases. 

¶ Infrastructure Damage (structures, equipment, power grid)  

Flooding and erosion caused by sea level rise can inundate the site and potentially release 

contaminants, inundate structures and remedial engineering controls such as extraction or 

pump and treat system equipment. Power grid vulnerabilities are also affected by SLR at sites.  

 

¶ Limitations to Accessibility 

SLR can lead to inundation of site access points and roads and limit equipment and structure 

access. Accessibility vulnerabilities can also affect emergency evacuation routes and time frames 

at sites.  

 

¶ Habitat Changes and working/living environments for Humans 

SLR can destroy natural resources and important ecological habitats, as well as changing human 

occupancy, working environments, and land use of a site which could ultimately affect remedial 

goals. 

B.2.c. Mitigating Measures  

Once the vulnerabilities SLR can cause at a remediation site are understood, and the sensitivity of the 

various hazards at the site are assessed, potential measures to increase resiliency and prevent hazards 

should then be evaluated for a site. Engineered measures can include:   

- Physically securing remediation systems 

- Providing additional barriers to protect systems 

- Safeguarding access to site and systems 

- Alerting project personnel of system compromises 

- Removal or consolidation of site contaminants away from vulnerable areas 

Systems at a remediation site refers to any remedial systems or engineering controls implemented as part 

of the remedy, such as, but not limited to containment/consolidation cells, protective site covers, pump 

and treat or extraction systems, thermal or other in situ treatment arrays.  

{ƻƳŜ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜ ƳŜŀǎǳǊŜǎ Ŏŀƴ ŀŘŘǊŜǎǎ ŜƴƎƛƴŜŜǊŜŘ ǎȅǎǘŜƳǎΩ ƻǇŜǊŀǘƛƴƎ ǇŀǊŀƳŜǘŜǊǎΦ CƻǊ ŜȄŀƳǇƭŜΣ 

equipment can be installed which enables workers to remotely adjust or suspend operations during 

extreme events. Erosion controls or temporary onsite power supplies can also be installed to address 

these events.  
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As indicated above, various engineered structures are commonly implemented to provide climate 

resistance to control coastal flooding and SLR at remediation and other coastal sites. Commonly used 

engineered structures are provided below. (https://www.epa.gov/superfund/superfund-climate-

resilience-resilience-measures)  

FIGURE 8 

Engineered Structures Commonly Used in Climate Resilience Measures 

Armor 

Fixed structures placed on or along the shoreline of flowing inland water or ocean water 

to mitigate effects of erosion and protect site infrastructure. "Soft" armor may comprise 

synthetic fabrics and/or deep-rooted vegetation; "hard" armor may consist of riprap, 

gabions, and segmental retaining walls. 

Berm 
A low, impermanent, nearly horizontal ledge or narrow terrace made of earthen material 

to retain or divert floodwater. 

Bulkhead 
A structure or partition to retain or prevent land sliding and to protect uplands against 

damage from wave action. 

Coastal 

hardening 

Installation of structures to stabilize a shoreline and shield it from erosion. Techniques 

>GJ ӑKG>LӒ KL9:ADAR9LAGF AFNGDN= J=HD=FAK@E=FL G> K9F< 9F<ӬGJ N=?=L9LAGF GJ HD9;=E=FL G>

other natural materials. "Hard" stabilization typically involves bulkheads, concrete sea 

walls, riprap, jetties, or groins. 

Dam 
An earthen, rock, concrete and/or steel barrier constructed across a flowing water 

channel to impound water and as needed, divert floodwater. 

Dike 

A wall, generally made of earthen materials, designed to prevent permanent 

submergence of lands below sea level, tidal flooding of lands between sea level and 

spring high water, or storm-surge inundation of a floodplain. 

Fire barrier 

A network of buffer areas (land free of dried vegetation and other flammable materials) 

and/or manufactured systems (such as radiant energy shields and electrical raceway fire 

barrier systems) to prevent the spread of fire. 

https://www.epa.gov/superfund/superfund-climate-resilience-resilience-measures
https://www.epa.gov/superfund/superfund-climate-resilience-resilience-measures
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Engineered Structures Commonly Used in Climate Resilience Measures 

Gabion 

A wire mesh basket or mattress filled with rocks or in some cases masonry materials to 

stabilize banks and/or beds of surface water channels, divert floodwater away from 

certain sections of a channel, or retain land slopes. 

Groin 

A structure typically made of concrete, timbers, steel, or rock, and oriented 

perpendicular to a coastline to accumulate littoral sand by interrupting long-shore 

transport processes. 

Ground 

anchor 

A steel bar installed in a cement-grouted borehole to secure an apparatus on a ground 

surface or to reinforce a retaining wall against a sloped earth mass. 

Hurricane 

strap 

A heavy metal bracket that reinforces the physical connection between the roof and 

walls of a building or housing unit. 

Jetty 

A structure of concrete and/or rock at the mouth of a river or tidal inlet to help stabilize a 

navigation channel, by preventing channel shoaling due to littoral materials and 

directing and/or confining the river or tidal flow. 

Levee 
A wall, generally made of earthen materials, designed to prevent the flooding of a river 

after periods of exceptional rainfall. 

Retaining 

wall 

A structure that supports earth masses having a vertical or near-vertical slope (such as 

70 degrees). The structure may consist of material such as concrete, gabions, steel sheet 

piles or timber (and may include a reinforcement element such as geosynthetic material) 

forming a gravity wall, cantilevered wall, anchored wall, or mechanically stabilized wall. 

Riprap 
A layer, facing or protective mound of stones randomly placed along stream or 

riverbanks, a shoreline, or a structure to prevent erosion, scour or sloughing. 

Seawall 
A structure typically built parallel to a coastal shore to prevent erosion and other 

damage by wave action, often retaining the earth against its shoreward face. A "hard" 

seawall is often made of concrete or stone and is more massive than ӛ and therefore 
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Engineered Structures Commonly Used in Climate Resilience Measures 

capable of resisting greater wave forces than ӛ 9 :MDC@=9<ӄ ӑKG>LӒ K=9O9DD ;GFKAKLK G>

replenished sand and/or vegetation. 

Stormwater 

pond 

A constructed basin intended to retain or detain stormwater runoff; a retention pond 

("wet pond") holds a permanent pool of water throughout the year (or at least 

throughout the wet season) while a detention pond ("dry pond") is designed to detain 

runoff for a minimum time (such as 24 hours) during storm events. 

Tie down 
A permanent mount that allows rapid deployment of a cable system extending from the 

top of a unit to the ground surface. 

Vegetated 

swale 

A broad, shallow channel with a dense stand of vegetation covering the side slopes and 

bottom of an earthen structure to retain or divert floodwater. 

[Descriptions of these engineered structures are extracted or adapted from resources such as the: (1) U.S. EPA Office of 

Air and Radiation/Office of Atmospheric Programs/Climate Change Division; Vocabulary Catalog List Detail ӛ Coastal 

Sensitivity to Sea-level Rise Glossary and Acronyms; (2) U.S. EPA; National Menu of Stormwater Best Management 

Practices; (3) U.S. Army Corps of Engineers; Coastal Engineering Manual Part I: Introduction, with Appendix A: Glossary 

of Coastal Terminology; and (4) NOAA;  National Weather Service; Glossary] 

 
Non-engineered measures should also be considered. While engineered, or άƘŀǊŘέ ǎǘǊǳŎǘǳǊŜǎ Ŏŀƴ ōŜ 

effective in the immediate area in which they are deployed, they tend to deflect wave energy and in turn, 

displace and amplify effects elsewhere, often having adverse effects on adjacent habitats. In selecting 

remedies for a site, off-site effects, particularly those far down the shoreline, are unfortunately rarely 

accounted for. For instance, while hard coastal armoring, bulkheads, or jetties may decrease wave energy, 

inundation, and coastal erosion in the immediate area at a site, the down current effects could be 

ǎƛƎƴƛŦƛŎŀƴǘΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ŀƭǿŀȅǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ άǎƻŦǘέ ƻǊ ƭƛǾƛƴƎ ǎƘƻǊŜƭƛƴŜǎ ŀǎ ǇŀǊǘ ƻŦ ŎƭƛƳŀǘŜ 

resiliency, if practicable. Working with planned restoration activities can enhance the outcome. Living 

shorelines are a broad term to describe a range of shoreline stabilization techniques along estuaries, bays, 

tributaries, and other sheltered shorelines. (https://www.habitatblueprint.noaa.gov/living-shorelines/) 

 

Living shorelines benefits: 

Á Increase stability over time  
Á Can outperform hardened shorelines during a storm 
Á Often less expensive to install and maintain 
Á Enhances storage capacity of CO2 and increases carbon sequestration through increased 

wetlands, plantings and stillwaters. 
Á Provide habitat for fish and other living resources 

https://iaspub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Coastal%20Sensitivity%20Glossary
https://iaspub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Coastal%20Sensitivity%20Glossary
https://www.epa.gov/npdes/national-menu-best-management-practices-bmps-stormwater
https://www.epa.gov/npdes/national-menu-best-management-practices-bmps-stormwater
https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1100_App_A.pdf
https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1100_App_A.pdf
https://w1.weather.gov/glossary/
https://www.habitatblueprint.noaa.gov/living-shorelines/
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Á Improve water quality and store nutrients 
Á Attract natural wildlife 

 
 

Examples of living shorelines:  

Á Coastal marshes 

Á Oyster Reefs (enhanced or installed) 

Á Vegetation and plantings in either sloped, terraced, or subaquatic habitats, including mangrove 

forests 

Á Stones/Coir or Fiber Matting/Logs  

Á Hybrids with harder techniques such as breakwaters, low crested sills, rock footers, 

rubble/recycled concrete 

 

FIGURE 9 

 

 

 

In essence, living shorelines almost always provide more long-term climate resilience to coastlines and 

sites along the shore, require less upkeep over time, improve ecosystem functions, and help stabilize 
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conditions through extreme events. Resiliency of remedies at environmental sites can be enhanced using 

these softer stabilization methods.  

B.2.d. Periodic Assessments and Adaptations  

One of the most important things to consider during the remedy selection phase for a remediation site is 

establishing proǇŜǊ ǇŜǊƛƻŘƛŎ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ǘƘŜ ǎƛǘŜ ŀǎ ǿŜƭƭ ŀǎ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ǊŜƳŜŘȅΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ǘƻ 

determine if additional adaptations are necessary through time. For instance, will future adaptations likely 

be required or will the selected remedy be resilient enough for all projected future scenarios? Regardless, 

planning for the long-term will ultimately provide more protection from SLR vulnerabilities at remediation 

sites now and as vulnerabilities increase or worsen. Five-Year Reviews, for instance, should be performed 

for all remedies which leave waste in place, including those which are vulnerable to SLR., and should 

include the following elements: 

(https://semspub.epa.gov/src/document/11/128607 ; http://semspub.epa.gov/src/document/11/100000001 ) 

- Evaluate remedy implementation/performance to determine protectiveness. 

- Determine if the remedy is functioning as intended.  

- Address site changes or vulnerabilities that may be related to climate change impacts not 

apparent during remedy selection, remedy implementation, or O&M (e.g., sea level rise, changes 

in precipitation, increasing risk of floods, changes in temperature, increasing intensity of 

hurricanes and increasing wildfires, melting permafrost in northern regions, etc.).  

- Determine if the assumptions, data, and cleanup levels are still valid and, if there are issues, 

update O&M or remedy decision. 

While SLR concerns are seemingly limited to remedial sites situated on or near coastlines, the fact is that 

SLR has implications beyond the immediate coastline. Relocation of remedial components and 

encroachment of saltwater infiltration limits will move further inland or to higher elevations, affecting 

larger swaths of land further away from the coast. To limit the effects of remedial systems beyond the 

established site or beyond potential affected areas, great consideration must be placed on selecting the 

most adaptive remedies and screening for long-term efficacy.  

Remedies must also be adaptive to changing climate conditions. Examples of some adaptation strategies 

which can be evaluated, added, or modified to proposed or existing remedies are: relocation of vulnerable 

system components, coastal hardening and fortifications (e.g. hurricane straps, liner system 

reinforcements, concrete pad fortifications), integrating alarm networks or fail safe mechanisms, 

establishing off-grid power sources for remedial systems, implementing remote access to adjust or 

suspend systems from an off-site location, selection of plantings for erosion control, and wind breaks, and 

automated weather/hazard alerts. 

An important conclusion to be drawn is when natural systems are mimicked or enhanced, and when softer 

ΨƭƛǾƛƴƎ ǎƘƻǊŜƭƛƴŜǎΩ ŀǊŜ ƎǊŀƴǘŜŘ ŀƳǇƭŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǿƘŜƴ ŜǾŀƭǳŀǘƛƴƎ ǊŜƳŜŘƛŜǎΣ ƻǳǘŎƻƳŜǎ ǘŜƴŘ ǘƻ ōŜ 

better. Afterall, mother nature is incredibly skilled in adaptation to change. Natural shorelines also 

enhance habitat, increase biodiversity, and increase the adaptive capacity of a site to respond to changing 

conditions due to SLR and climate change. Natural systems may also be more cost effective and almost 

always reduce long-term costs of maintenance. But enhancing or establishing more natural approaches 

to adapting to SLR at remediation sites may not always be the best or most practical approach for a 

particular site; all approaches and possibilities must be evaluated.  

https://semspub.epa.gov/src/document/11/128607
http://semspub.epa.gov/src/document/11/100000001
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Foresight into long-term changes and challenges, the consideration of worst-case scenarios, and adapting 

present plans to best address changing future conditions can be an inherent challenge to human beings. 

We by nature tend to deal best with assessing short-term impacts to problems which is an unsustainable 

approach not only to remedy selection, but also in responding to climate change in general. By performing 

a SLR vulnerability assessment, identifying resilience measures, and evaluating and addressing the 

adaptive capacity of a remediation site, one is forced to look at the worst potential outcome over the 

longest term possible. These considerations are the most important evaluation tools to assess if a 

ǊŜƳŜŘƛŀǘƛƻƴ ǎƛǘŜΩǎ ǊŜƳŜŘȅ Ŏŀƴ ǿithstand and remain effective in the face of sea level rise and climate 

change. 

Section B.3 Increasing Drought Conditions 

A drought is defined as a prolonged period with below normal precipitation. Climate change is a driving 
factor in increasing drought conditions. This is due in part to higher average temperatures and the shifting 
of seasons. Across the United States, the risk of drought is expected to continue to increase over the 
coming years. Lack of precipitation directly impacts groundwater recharge. Groundwater is an important 
and necessary resource for much of the United States. 

B.3.a Evidence 

As drought has increased, demand for groundwater has increased. Farmers must pump more 

groundwater to irrigate their crops. This exacerbates the decline in groundwater level as more water is 

being removed. Further, as pumping rates increase, the radius of influence from the pumping wells 

increases. This could lead to a change in groundwater flow dynamics and result in a shift of 

contamination into areas that were previously uncontaminated. 

Drought conditions are compounded via anthropogenic processes. Non-sustainable uses of aquifers such 
as aquifer depletion (groundwater mining) are accelerating the decline in groundwater levels in many 
areas.  

B.3.b Impacts 

Groundwater Levels Falling  

One of the several impacts drought conditions has in the United States is falling groundwater levels. A 
study was conducted across 40 aquifers throughout the United States to understand long-term impacts 
to groundwater elevation (http://pubs.usgs. gov/sir/2013/5079 ) . Figure 10 depicts the areas of the 
United States that have seen a decrease in groundwater elevation from 1900-2008. The High Plains aquifer 
of the central United States and the southwest portion of the United States have been hit particularly 
hard. 

As groundwater levels fall, environmental contaminants may be introduced to different preferential 

pathways. This may lead to shifting of groundwater plumes to areas where treatment/remediation 

systems would not be able to effectively treat the groundwater contamination. 

Studies have been conducted to evaluate the impact of changing groundwater levels on volatile organic 

compounds (VOCs) ability to volatilize and travel through the vadose zone as a vapor. Though the topic is 

not yet well understood, laboratory data indicates that vapor intrusion (VI) potential increases as 

http://pubs.usgs.gov/sir/2013/5079
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groundwater levels decrease. This is due in part to the decrease of water vapor in the vadose zone as well 

as the fact that many environmental contaminants often adsorb to soils. Water vapor in the vadose zone 

holds VOCs in the dissolved phase because there is less available pore space for the VOCs to mobilize into. 

¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛǎ ŘǊƛǾŜƴ ōȅ IŜƴǊȅΩǎ [ŀǿΦ !ǎ ƎǊƻǳƴŘǿŀǘŜǊ ƭŜǾŜƭǎ ŦŀƭƭΣ ƳƻǊŜ ŎƻƴǘŀƳƛƴŀǘŜŘ ǎƻƛl is exposed to 

the pore space in the vadose zone allowing for an increase in contaminant off-gassing leading to an 

increase vapor intrusion risk. 

 

FIGURE 10 

 

 

Groundwater Monitoring Network and Groundwater Remedial Effects   

As groundwater levels continue to fall, established monitoring well networks may end up above the water 

table. As a result, contaminants and groundwater conditions may not be monitored or new monitoring 

wells will have to be installed to a greater depth resulting in an increased expense of remediation and 

monitoring activities. Air sparge wells are also affected in the same way. Air sparge wells installed to treat 
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volatile contamination in the aquifer will no longer be situated below the water table. This will lead to a 

failure of the remedy or replacement of the wells, resulting in an increased expense.  

Pump and treat systems are commonly used to treat contaminated groundwater. As drought increases 

and groundwater levels fall, Pump and Treat systems may not be able to operate. This is in part due to 

the falling of groundwater below the installed wells, but also due to water rights/restrictions to conserve 

groundwater in high demand areas. Similarly, other remedial measures such as interceptor trenches 

designed to remove free product or reactive walls may be compromised by a lower water table. 

FIGURE 11 

 

Certain groundwater remedial actions may be adjusted to take advantage of prolonging drought 

conditions. As an example, at the Purity Oils Sales Superfund Site in Fresno California an extended five-

year drought in combination with agricultural over pumping resulted in a sixteen-foot drop in the 

groundwater table. This resulted in an opportunity to remove source material in the vadose zone via soil 

vapor extraction. This expedited the cleanup and removed contaminants at orders of magnitude greater 

than the traditional pump and treat system. 

Decreasing River Flows & Lake Levels  
As groundwater levels continue to fall; lakes, rivers, and streams that were historically groundwater 

discharge points may become dry. Lakes, rivers, and streams that act as groundwater contaminant 

confining boundaries may no longer stop the migration of environmental contaminants, especially 

LNAPLs. This could impact public and private water supply wells as well as other sensitive areas that were 

previously free of contamination. Remedial projects such as treatment wetlands, bioretention systems, 

etc. will also be compromised or cease to function as the water table drops.  


