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Changing Tides: Coastal Climate
Adaptability

As sea levels rise and climate policies evolve, coastal brownfields—
including former landfills—face urgent challenges that demand innovative,
resilient solutions.

This session explores how vulnerable shoreline sites in island and coastal
communities can adapt to climate impacts while supporting sustainable
redevelopment.



¥ Introduction

* What s sea level rise? And why is it a concern?
* How can sea level rise and groundwater level rise impact brownfields?
* What are the regulatory drivers for assessing sea level rise at brownfields?

* Case studies and solutions for assessment and adaptation

STRENGTHENING COASTAL RESILIENCY —
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¥ Possible Pathways for Future Sea Level Rise

7
j}’_, 6
% 5 intermediate-high
3
§ 4
~ intermediate
o 3
3
- 5 trajectory over next 30 years
% based on observations — intermediate-low
F R low

0w K | | | |

2000 2020 2040 2060 2080 2100

year NOAA Climate.gov,

adapted from Sweet et al., 2022

LANGAN TECHNICAL EXCELLENCE | PRACTICAL EXPERIENCE | CLIENT RESPONSIVENESS Source: U.S. National Oceanic and Atmospheric Administration (NOAA), 2022



W Groundwater Level Rise due to Sea Level Rise

Groundwater
inundation

—  After sea level rise

Marine
inundation

Saltwater

LANGAN  16cHNCALEXCELLENCE | PRACTICAL EXPERIENGE | CLIENT RESPONSIVENESS Source: UH Ménoa Coastal Geology Group and Nancy Hulbirt



NOAA Sea Level Rise Viewer and Calculator

U.S. National Oceanic and Atmospheric Administration, 2025
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iy NOAA Flood Exposure Mapper
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¥ DTSC Guidance

* SLR may change hydraulic, geologic, hydrogeologic, and
chemical conditions of contaminated sites

o Possible increased threat of release of contaminants in
surface water, groundwater, air, soil, and sediment

o Need to mitigate the impact sea level rise can have on
contaminated properties

* DTSC guidance provides a framework for assessing SLR and
preparing SLR vulnerability assessments (SLRVA) and

adaptation plans at DTSC cleanup program sites
Sea Level Rise Guidance
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* Senate Bill 1, the Sea Level Rise Mitigation and Adaptation
Act of 2021, directed state “agencies to identify, assess, and,
to the extent feasible and consistent with their statutory
authorities, avoid, minimize and mitigate the impacts of sea
level rise.” DTSC guidance is part of implementation of these
mandates.

for Cleanup Activities

Revised October 2024
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¥ SFRWQCB Order

California Regional Water Quality Control Board, San Francisco Bay Region, Order No. R2-2024-0002, Amending
Waste Discharge Requirements (WDRs) for Oceanfront and Bayfront Landfills & Industrial Facilities

* The RWQCB identified more than 30 Bay Area landfills and industrial facilities as vulnerable to SLR, extreme storm
events, king tides, and groundwater rise

* SLR may lead to possible increased leachate production, mobilization of contaminants from the waste mass into leachate
and groundwater, and landfill gas generation and/or migration

* Flooding risk may be exacerbated by land subsidence due to settlement and consolidation

» Order requires facilities to address potential effects of SLR through the preparation of Long-Term Flood Protection Plan,
including groundwater level rise considerations

CLIMATE
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¥ Superfund Guidance

* U.S. Environmental Protection Agency’s (EPA’s) discretionary
authority under CERCLA and the National Contingency Plan

(NCP)
. , : , . Y= — EPASi2R 2302
* The EPA may require consideration of climate resilience under -
Federal Superfund cleanup plans and five-year reviews Engineering Forum Issue Paper

* The EPA also recommends consideration of climate resilience

for Non-Federal National Priorities List (NPL) Sites (June 30,
2021)

« EPA Recommendations:

o Conduct Climate Vulnerability Assessment

The groundwater treatment plont and storoge tanks at the Americon Cyonamid Superfund site, constructed on elevated lond outside the
(NOV_ 2023 EPA Guidance) 500-yeor | Iplain, f s in 2021. Photo Credit: Mark Schmidt.
Conducting Climate Vulnerability Assessments
o Evaluate Resilience Measures (Dec 2023 FEMA Nature ¥ Supsriund Sitee

Based Solutions Guide; EPA Tools for Resilience
Planning ARC-X)

o Build Adaptive Capacity
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W Key Takeaways

 SLR impacts at bayfront landfills include
additional potential vulnerabilities beyond
flooding (leachate, landfill gas, contaminant
mobilization, etc.)

 Many regulatory agencies are requiring SLR
assessments for bayfront sites, including landfills

« Different SLR design scenarios may be
appropriate for buildings/infrastructure/natural
spaces

 Developing SLR adaptation strategies is an
exercise in balancing risk, costs, feasibility, and
community values

e Opportunity to prioritize nature-based solutions
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What is resiliency?

Resiliency is the capacity to bounce back. Resiliency does not mean
100% protection and insulation from challenges. It is the capacity to
recover from and adapt to ongoing and varied challenges over time.
A "resilient community” is one that can quickly recover, creatively
adapt and absorb stresses without too much loss of investment.
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The South Bay Sponge
New landscapes of absorption
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CHANGING TIDES: COASTAL CLIMATE ADAPTABILITY

Impacts of
Sea Level Rise

Rising groundwater due to sea-
level rise can result in numerous
hazards:

Nuisance flooding

Water quality deterioration due
to increased uncontrolled
discharges

Damage to infrastructure (e.g.
buildings, roads, utilities)
Stormwater management
Increased water management

associated with remediation
systems

Saltwater intrusion affecting
groundwater supply

Daylighting of light non-
aqueous phase liquids (LNAPL)

BANKS WEAKEN AND
EROSION OCCURS

ROADS AND OTHER
STRUCTURES WEAKEN

'RISING OCEAN

' - : DAMAGE TO PIPELINES
. AND SEWAGE SYSTEMS

STANDING WATER OCCURS
AND FRESH WATER TABLE
IS COMPROMISED

RISING OCEAN

FLOODING AND
STREAM OVERFLOWS
INCREASE
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What are Nature-based
Solutions (NbS)?

Nature-based Solutions, sometimes referred to as
engineering with nature, is a design approach that
leverages the positive benefits of natural systems in
conjunction with traditional engineering.

* Works in harmony with natural systems
» Benefits habitat, biodiversity, and air and water quality
» Sequesters carbon

» Provides new community assets, benefitting human
well-being

» Further corporate ESG goals

Siantec A
Naiure-based

Soluhons
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VEGETATION
ONLY

BREAKWATER

EDGING

GREEN - SOFTER TECHMNIQUES

Sl Wisvens | Dmall Fetch | Gentle Dops | Dhslisrsd Comat

SILLS BEACH NOURISHMENT
' ONLY

REVETMENT BULKHEAD

GRAY - HARDER TECHNIQUES

Largs Wivas | Largs Fatan | tesp Siops | Opsn Comst

BEACH NOURISHMENT
& VEGETATION ON DUNE

SEAWALL

Systems Approach to Geomorphic Engineering (SAGE), NOAA & USACE 2017
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Sanitary Treatment
BOD and nutrients
UK

NbS Treatment
Technologies rss, ot |

Massachusetts

Passive Treatment / Simple Maintenance — Low OPEX
Resilient (Climate/Hydraulic/Chemical)

Consistent Reliable Treatment Performance for a
variety of contaminants (e.g., nutrients, metals, BTEX,
PAHSs, CI-VOCs, PCBs)

Groundwater Treatment l
Metals & CI-VOCs

Aesthetically Pleasing — Public Space & Recreational Hungary
Opportunities

Groundwater
Treatment/
Metals
Maryland

Habitat Creation — Enhance Biodiversity — Natural
Capital Benefits

Carbon Sequestration over Long Life

Former QOil Refinery l
Metals, BTEX, PAHs
Canada



White island, Brooklyn, NY
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Design Objectives

Shoreline Stabilization
Contain Landfill Waste
Invasive Species Control
Create Habitat
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Shorelin
e
Techniqu

Vegetation

Cellular
Confinement
System (CCS)

Articulated
Concrete Block
(ACB)

Armor Stone
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Mean High High
Water (+1.0 ft)

=R

Hurricane Sandy
Storm Surge

(+ 11.0 to 15.0 ft)
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Background

Historic Erosion along entire shoreline
Significant risk for wave action
Degraded tidal wetland
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Earthen Berm

Earthen Berm at
+12.5

Wetland
Restoration

Continuous Trails
and Park Access

Ecological
Planting and
Restoration

O S
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Eco-Revetment

WETLAND. ECO;REVETMENT | VIEW OF RESTORED WETLAND FROM PATH

Top of Eco-
Revetment at +12.5’

Green Infrastructure

ADA Access Points
and Gathering Spaces

Community buy-in
state

supported house
raising
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Hybrid-Dune Revetment

« Top of Dune at +15’
 Beach Grass Plantings
« Beach access at MHW
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Raised Edge

EL #12.58"

Top of Raised Edge at +12.5’
Green Infrastructure

Bio-swale
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CHANGING TIDES: COASTAL CLIMATE ADAPTABILITY

Background

1920s to 1970s: Active Rail Spur and Depot

Early 1980s: CSX decommissioned spur/depot and

divested property

1985: Site purchased from Atlantic Land and
Improvement Company by Billie

Edenfield

1998: City of Palmetto acquired property

1999: Palmetto Community Redevelopment Agency

took over property and started investigations

Various phases of assessment conducted from 1997 through 2018
revealed soil impacted with benzo(a)pyrene, benzo(b)fluoranthene,
carbon disulfide, pyrene, chrysene, arsenic and nitrogen.

Multiple grants awarded to support various phases of the brownfield
assessment, cleanup and park redevelopment
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Stormwater Management

Palmetto Bay = Future preserve
« 380 Reef Balls

« Shelter for fish, aquatic life

« Opyster habitat

« Seagrasses

Capture, divert, attenuate and treat stormwater runoff from
51-acre catchment entering Manatee River

« 172 Ibs nitrogen removed per year
» 56 Ibs phosphorus removed per year
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NbS have demonstrated
success in urban and
high energy
environments.

NbS not only address
environmental challenges
but also provide social
and economic benefits,
including improved public
health and enhanced
community resilience.




@ Stantec

Amanda.Ludlow@Stantec.com

Thank you
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TRANSFORMATION
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Join the conversation, use

#CALRC2025 to share your
photos, insights and highlights!

We appreciate your feedback,
follow this QR code to submit an
evaluation form on Whova.
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