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Workshop Learning Objectives
Upon completion of this workshop, attendees will be able to:

1. Describe the basic science and challenges of climate change that 
requires a renewed focus and assessment of contaminated sites and 
clean up management;

2. Understand DTSC guidelines, basic requirements for a SLRVA, an 
adaptation plan, and required data;

3. Identify additional resources on climate change and contaminated sites, 
including WA DOE guidelines and EPA and ITRC technical resources.



Workshop Outline
• Module 1: Climate Resilient Remediation

• Module 2: Challenges to Traditional Cleanup Management

• Module 3: DTSC Guidance Overview

• Module 4: Examples from EPA, Washington State



Climate Resilient Remediation 
– what does it mean for a 
cleanup site?
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Climate Resilient Remediation
• Why

– Protects remedy
– Protect environment and human 

health
– Protects investment
– Saves money

• What is climate resilient 
remediation?
– Identify climate change impacts and 

risks
– Implement resilience measures
– Increase environmental and 

community benefits
– Reduce environmental impacts
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Climate Change & Site Cleanup

– Already witnessing impacts
– Past is no longer a prologue
– Climate change projections
– Unplanned repair
– Unplanned maintenance & costs
– Complex environmental interactions
– Remedies may no longer protect
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California climate trends

California Fourth Climate Change Assessment, 2018
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Extreme precipitation

An atmospheric river is shown off the coast of 
California from NASA’s GOES satellite.
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Heavy precipitation events
Groundwater – soil – sediment – surface water impacted
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Wildfire

Fire at OU3 Libby Asbestos Site, USFS

GAO 2019 Superfund and Climate Change
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Sea level rise: erosion impacts

Module 1

Custom Plywood site in Anacortez, WA. WA DOE, 2023



Sea level rise
• Sea-level rise inundation
• Groundwater inundation
• Saltwater intrusion

King Tide, Oakland, CA. Jan. 22, 2023
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Impacts of rising water table

13

• Aquifers exposed to contaminants
• Mobilization of contaminants in soil

Illustration by Ben Hagedorn, CSU Long Beach
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Resilience and adaptation planning

From: Adaptation Planning Guide
https://resilientca.org/apg/intro/#purpose
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Vulnerability assessments framework for contaminated 
sites

Source: EPA Climate Resilience Technical Fact Sheet for Contaminated Sediment Site 
(EPA 2019)
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Contaminated Site Cleanup 
Process Overview

Module 2

https://protect-us.mimecast.com/s/U4dcC2k2R5CEzPNyFn8iR7?domain=apexewr.com/


Cleanup Process for Contaminated Sites

• Phase I Environmental Site Assessments (ESA)

• Phase II ESA 

• Feasibility Studies/Remedial Investigation

• SLR Impacts on Traditional Remediation
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Phase I Environmental Site Assessments (ESAs)
• Environmental Due Diligence that is needed for any 

commercial/industrial real estate transactions

• An environmental data gathering process with a 

limited site visit (no sampling)

• Purpose: To identify any Recognized 

Environmental Conditions (RECs) that could lead 

to potential contamination at the Site
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Usual Suspects
• Gas Stations

• Dry Cleaners 

• Metal Plating Facilities

• Auto Shops 

• Car Washes

• Landfills 

• Maintenance Yards

• Sites with USTs
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Phase II ESAs or Subsurface Environmental Investigation (SEIs)

• If Phase I ESA identifies RECs, then a Phase II ESA is required to further assess those RECs

• Sometimes a SEI is initiated without a Phase I ESA

• This is the actual sampling portion, we collect samples from soil, soil gas, and groundwater.

• Common Chemicals of Potential Concern (COPCs): PCBs, TPH, VOCs, Semi-VOCs, CA Title 22 Metals, 
OCPs, OPPs, CHs, and emerging PFAS 

• If we confirm the presence of contamination, then:

A Phase II ESA or 
SEI Is Required

Did Phase I Identify 
any RECs?  Or is there 

a known hazardous 
material release?

Yes

Module 2

https://protect-us.mimecast.com/s/U4dcC2k2R5CEzPNyFn8iR7?domain=apexewr.com/


Feasibility Studies, Remedial Action Planning and 
Implementation
• Regulatory agency oversees the work and issues the no-further-action 

(NFA) letter to release liability from the Site owner
• With negotiations with the agency, sometimes in cases of low 

contaminations a risk assessment is accepted in lieu of a full 
remediation. A risk assessment also sets the practical remediation 
goals (RLs) to protect the human health from the known 
contamination

• Feasibility studies of various available treatment options, examples: 
Granular Activated Carbon (GAC), Ion-Exchange Resins (IX), In-Situ 
Chemical Oxidation (ISCO), Soil Vapor Extraction (SVE), Monitored 
Natural Attenuation (MNA), etc.

• Based on cost and practicality the most viable option is selected for 
design and implementation
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Process of a complete ESA/ Remediation Project
Responsible Party

Environmental Firm

Project Manager
Health & Safety Certified 

Industrial Hygienist Regulatory Agencies

Phase I ESA

Phase II ESA

Soil Sampling

Soil Vapor 
Survey

Groundwater 
Sampling

Further 
Investigation

ESA Complete Data Evaluation & 
ReportingRemediation 

Feasibility Study Risk Assessment
Fate & Transport 

Analyses/Modeling

Remedial Design

Remediation

Remedial Action Plan

No
No

Yes

Yes
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SLR Impacts
• Direct and indirect impacts

– Inundate the site and cease remediation operations
– Raise groundwater levels, salinity and alter geochemical conditions
– Mobilize contaminants beyond the Site
– Increases vapor intrusion risk

• Cost of rebuilding damaged remedial infrastructure could be higher than 
designing for anticipated SLR during the Feasibility Study phase
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DTSC Draft SLR Guidance
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Ocean Protection Council SLR Action Plan
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SLRVA Process
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SLR Data and Projections
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SLRVA as defined in DTSC Guidance
• SLRVA should be conducted at each stage of the remediation assessment

• SLRVA can be stand-alone document or other submittals – determined 
by DTSC PM
– Simple & focused analysis where it is unclear whether SLR is an impact
– progressively more robust analyses maybe required based on results of evaluation
– SLRVA may include consideration of community resilience infrastructure and plans
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Adaptation Plan following a SLRVA
• Based on the SLRVA, an adaptation plan may be required

• DTSC prefers full action now, will consider phased adaptation approach 
on a case-by-case basis
– Future phased work requires financial assurance – 22 CCR 66265.140; HSC 25355.2

• Adaptation plan can be stand-alone document or other submittals – 
determined by DTSC PM
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• Remedial Investigation
• Feasibility Study
• Remedy Selection
• Remedy Design
• Remedial Action
• Cost Estimate & Financial 

Assurance
• Operation Maintenance & 

Monitoring
• 5-Year Review
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Conducting SLRVA

12 Tide Gauges, Region-specific 
SLR projections table

Minimum lifespan 30 years

Medium-High Risk Aversion is baseline

Re-evaluation of conceptual site model
SLR-impacted hydraulics, exposure pathways

Remedy selected: review at 5-Yr Review
Remedy not selected: include mitigative 
measures, adaptive management considered
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Data Demo





Case-Studies and Discussion
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Case-Studies & Discussion
• Examples

• Questions
– Conceptual model Re-evaluation
– Adaptive management 
– Community engagement
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Case Study Exercise

• Conceptual Site Model

• Receptor Pathways

• Treatment System

• Regional Groundwater
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Landfill Cleanup Site: Cornwall Avenue, Bellingham Bay

• Groundwater: Tannins and lignins 
associated with wood waste-
breakdown products, elevated nitrogen 
compounds, elevated dissolved metals, 
and volatile organics.

• Sediment: Mercury, phthalates, 
polychlorinated biphenyls, polycyclic 
aromatic hydrocarbons, phenols, and 
diesel and oil-range petroleum 
hydrocarbons.

• Soil: Petroleum hydrocarbons, 
pentachlorophenol, carcinogenic PAHs, 
and other municipal landfill 
contaminants.
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Climate Resilient Cleanup Remedy

• Design Metric: SLR of 2.4 feet over 100 years 

• Combination of 
– upland multi-layer cap
– shoreline stabilization system, and 
– enhanced natural recovery in deeper subtidal areas 

• Accounting for SLR
– Increase height of shoreline stabilization system
– Sloping area of upland cap
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Module 4
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EPA Climate Resilience Technical Fact Sheets
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Groundwater Remediation Systems
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Contaminated Sediment Sites
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Contaminated Waste Containment Systems
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EPA Superfund Site Example
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American Cyanamid Co.

• 435-acre formerly chemical 
manufacturing facility, along 
Raritan River, NJ

• Impoundments and lagoons used 
for disposal of chemical sludge 
and other wastes

• Onsite soil and groundwater are 
contaminated with volatile 
organic compounds (VOCs), semi-
volatile VOCs and metals. 
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Vulnerability to Climate Change Impacts

• Extremely vulnerable to flooding, 
located within the 100-year 
floodplain

• Impacts of tropical storms associated 
with hurricanes along the U.S. East 
Coast
– Standing floodwaters
– destruction at office trailers 
– loss of electricity needed to extract 

contaminated groundwater
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Climate Resilient Cleanup Remedy

Onsite flood-resistant enclosure & bollards on concrete foundationsElevated electrical controls for full-scale groundwater extraction
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Supplementary Information



Themes for organizing slides
• California SLR overview – guidance document from Ocean Protection Council

• EPA Superfund Climate Resilience Resources and Technical Fact Sheets

• DTSC Draft Guidance
– How to do SLRVA
– What data is out there
– What to expect in SLRVA reviews
– What needs additional clarifications/discussion
– What should you ask your consultants

• Example from WA-DoE Sustainable Remediation Document

• Example from EPA Superfund Climate Resilience



Any topics you want your audience to discuss before 
or after your talk?
• Topic 1 – how does the guidance affect brownfield projects?

• Topic 2 – do sites farther inland from the coastline also have to perform 
SLRVAs

• Topic 3 – what are some of the successful implementations of Adaptation 
Plans considering SLR



Poll Questions
• How many of you here have background in urban/environmental planning

• What technologies do you think are most resilient to SLR?
– Pump & Treat, and Ex-situ treatment
– In-situ treatment

• What conceptual site model elements need to re-evaluated for a site with 
potential impacts from SLR
– Hydrogeology
– Geochemistry
– Exposure pathways
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