
Gulf Coast Resiliency: 

Nature-Based Solutions to Mitigate Toxic Flooding



Galveston Bay



Toxic 
Flooding



• Understand toxic 
releases due to flooding

• Where and how nature-
based solutions (NBS) 
can be used to reduce 
risks of chemical release 
and exposure

Project Goals



Agenda

• Contaminants in fish
• Chemical facility sources 

& vulnerable communities
• NBS case studies
• NBS guide



Contaminants in Fish



Environmental Contaminants in Fish: An Analysis of PFAS 
and Heavy Metal Concentrations

Sampled 64 fish which were taken from Galveston and Trinity Bay to assess 
for the concentration of:
• Heavy Metals | Arsenic (As), Cadmium (Cd), Copper (Cu), Mercury (Hg), 

Lead (Pb), and Selenium (Se)
• Per- and polyfluoroalkyl substances (PFAS)



How have chemical releases in the environment 
contaminated marine organisms?



How have chemical releases in the environment 
contaminated marine organisms?



PFAS in Fish
• Perfluorinated and polyfluorinated 

substances, collectively known as 
PFASs, are widely used, long lasting 
chemicals, many of which break down 
very slowly over time.

• We found total PFAS concentrations 
on average lower than EPA national 
freshwater survey, but higher than 
FDA retail fish survey.

• EPA recently finalized drinking 
water regulations for six PFAS.



Potential Causes for this Contamination





Chemical Facilities & Vulnerable Communities



Facility scoring: Ranks facilities by their vulnerabilities that create the 
potential for water to carry contamination off-site

Community scoring: Ranks communities and ecosystems by factors 
that make them vulnerable to this contamination

 100+ environmental, health, social, economic, industry indicators

Stormwater & flooding Off-site contamination

Communities and ecosystems

Vulnerability assessment



Facility scoring: Ranks facilities by their vulnerabilities that 
create the potential for water to carry contamination off-site

Community scoring: Ranks communities and ecosystems by 
factors that make them vulnerable to this contamination

Flood Modeling: Estimates flood and off-site contamination 
potential and physically links        facility and        community scores

Stormwater & flooding Off-site contamination

Communities and ecosystems

Vulnerability assessment



Facility scoring: Ranks facilities by their vulnerabilities that 
create the potential for water to carry contamination off-site

Community scoring: Ranks communities and ecosystems by 
factors that make them vulnerable to this contamination

Flood Modeling: Estimates flood and off-site contamination 
potential and physically links        facility and        community scores

Communities and ecosystems

Nature-based 
solutions 
mitigate these 
vulnerabilities

Vulnerability assessment

NBS NBS

NBS
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Look ahead

• Scoring system details

• Example results

• Vulnerability map



Vulnerability assessment

Baseline 
health

Social & 
economic

Flood & 
chemical

Ecosystem

Community vulnerability

Flood

Chemical 
transport

Facility 
hazard

Facility vulnerability



Flood

Chemical 
transport

Facility 
hazard

Facility vulnerability

Floodplain

Flood depth

Flood 
duration

Transport 
amount

Transport 
concentration

Accident 
potential

Chemical 
hazards

Regulatory 
compliance



Baseline 
health

Social & 
economic

Flood & 
chemical

Ecosystem

Community vulnerability

Access to 
care

Health 
outcomes

Life 
expectancy

Housing & 
transportation

Vulnerable 
populations

Economic

Land useEcosystem 
services

Chemical 
transport

Facility 
impacts

Flood 
severity



Modeling

• Coupled flood modeling 

system

• Combined effects of 

stormwater and storm surge

• Where and how potential 

contamination may move 

for facilities and communities
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Where we 
modeled

Coupled hydrologic-hydraulic 
model area 

Hydrology model 
watersheds 

Study area



Facility vulnerability
 results

• Flood plain, riverine and/or 

coastal flooding

• High runoff/soil erosion

• Mobile, hazardous, toxic 

chemicals

• Past safety violations



Facility vulnerability results
Chemical complex south of Manchester along Sims Bayou



Facility vulnerability results
Chemical complex at confluence of Carpenter and Buffalo 

Bayous



Community 
vulnerability results

• Impacted by multiple 
facilities

• Locations with potential to 
flood

• Lack natural infrastructure 
and green spaces 

• Lower baseline 
socioeconomic condition



Community vulnerability results
Galena Park (Tract 48201233701)



Future climate considerations

• Downscaled climate model 

ensemble for future precipitation

• Resulted in 7% increase in future 

(2040-2059) peak streamflow 

compared to baseline (2000-2019)

• Coupled simulation with amplified 

streamflow and hurricane Harvey 

winds and tides
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Vulnerability map
https://createnbs.org/toxic-flooding/vulnerability-map/



Vulnerability map



Nature Based Solutions Case Studies

Galena Park & Texas City



Case Projects:
Galena Park, TX and Texas City, TX

GALENA PARK
GALENA PARK



Example Project: Adaptive Stormbox
Flexible Green Infrastructure Assemblage Units for Galena Park, TX



Severe Flood Events in Galena Park

Hurricane Harvey 2017

Spring Floods 2016

Hurricane Ike 2008

Tropical Storm Allison 2001

2017

2016

2008

2001

Total Economic Loss

125 billion
Storm Surge

12-19 ft

Residents Relocation

60,049
Flooded Homes

154,170

Inundation Percent

17.3%
Inundated Industrial Sites

58.3 Acre

Total Economic Loss

65 million
Storm Surge

13-17 inch

Residents Relocation

300
Flooded Homes

9,820

Inundation Percent

1.2%
Inundated Industrial Sites

2.1 Acre

Total Economic Loss

351 million
Storm Surge

12-15 ft

Residents Relocation

1.2-1.5 million
Flooded Homes

2,550

Inundation Percent

9.2%
Inundated Industrial Sites

67.5 Acre

Total Economic Loss

5 billion
Storm Surge

20-30 inch

Residents Relocation

30,000
Flooded Homes

73,000

Inundation Percent

3.4%
Inundated Industrial Sites

28.1 Acre

Impact to Galena ParkOverall ImpactOverall Impact



Projected Future Storm Surge



Pollution-Related Disease Prevalence (Source: CDC 2019)



Flood and Contaminant Risk Maps



Green Infrastructure – Opportunity Green



Right-of-Way (ROW) Offset Distance



Master Plan



Green Infrastructure Stormbox 
Toolbox: Pipe Depth vs. ROW Width



Design Impact (Basic L-THIA Model)

Source: Low-Impact Development L-THIA (purdue.edu) 

https://engineering.purdue.edu/mapserve/LTHIA7/lthianew/lidIntro.php


Green Infrastructure “Assemblage Units”



Assemblage Unit: Streetscape & Retention System



Delft 3D Mesh Modeling for Impact

Scenario Inundation Volume at 
Maximum Surge (m3)

Areal Extent at Maximum 
Surge (m2)

Without Master Plan 449,493 270,029
With Master Plan 315, 312 191,018

The master plan reduces areal extent and total water volume of flooding at peak inundation by 30%

The duration of the flood reduced from approximately 38 hours to approximately 10 hours due to the master plan



APPLYING THE 3|30|300 METHOD FOR REMEDIATION IN TEXAS CITY, TX



Nature Based Solution Guide



Why a decision guide

• Explore flood risk

• Assess conditions affecting damages and 
vulnerability 

• Reduce exposure

• Evaluate opportunities for community–desired 
outcomes

• Flexible decision-making

• Connective tissue linking information from this 
initiative



Who is the decision guide for

Community groups/orgs

Facility managers

Non-profits

Engineers

Consultants

Hazard risk 

managers

Municipalities/local 
government



What does the decision 
guide do

• Identifies NBS options for flooding with 

chemical risks

• Identifies NBS options for flooding not 

associate with chemical risks

• Guides acquisition of expertise & data

• Provides a basis for dialogue on 

community needs, desires, 

opportunities

• Positions the community to secure 

funding and permits



How do you use the 
decision guide

• Online tool and downloadable guide

• Data/Input guidance
• Flood and chemical risk

• Community benefits from NBS

• Ecosystem needs

• Iterative process

• Diverse stakeholder engagement



How do you use the decision guide





Summary

• Fill critical gaps in our 
understanding of toxic releases 
due to flooding

• Highlight how nature-based 
solutions can be used to reduce 
risks of chemical release and 
exposure

• Provide stakeholders with data 
and guidance to inform 
deployment of NBS in their own 
communities



Createnbs.org
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