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Project Goals

* Understand toxic
releases due to flooding

* Where and how nature-
based solutions (NBS)
can be used to reduce |
risks of chemical release s

and exposure b 69'
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¥ Agendo

e Contaminants in fish

* Chemical facility sources
& vulnerable communities

* NBS case studies
* NBS guide
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Contaminants in Fish
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Environmental Contaminants in Fish: An Analysis of PFAS
and Heavy Metal Concentrations

Speckled Trout Red Drum Black Drum

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)
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How have chemical releases in the environment
contaminated marine organisms:

Heavv Metal Concentration (mg/'kg) in Fish Samples

Analvte Mean (p) Median Range

As® 0.0773 0.063% 0.018 to 0.321
Cd 0.0125 0.005% 0.000 to 0.096
Cu 0.9353 0.8510 0.163 to 3.5%0
Hg 0.2633 0.2334 0.067 to 0.641
Pb 0.070% 0.0000 0.000 to 0.647
Se 3.7809 34250 1.990to0 7.110

* Estimated morganic arsenic present i samples
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How have chemical releases in the environment

contaminated marine organisms:

Target Hazard Quotient For Each Metal by Quantity of Ingested Fish

Analyte THQ THQ THQ THQ
(Average Weekly bimonthly = Twice Yearly
Consumption)

As* 3.33 13.32 6.66 0.56

Cd 0.20 0.80 0.40 0.03

Cu 0.31 1.24 0.62 0.05

Pb 0.23 0.92 0.46 0.04

Se 10.12 40.48 20.24 1.69

* Estimated inorganic arsenic present in samples

r Environmental
/ Defense TEXAS A&M

‘JFund UNIVERSIT Yo

%\ GALVESTON BAY

FOUNDATION




PFAS in Fish

* Perfluorinated and polyfluorinated
substances, collectively known as
PFASs, are widely used, long lasting

chemicals, many of which break down

. .
Galveston Bay - — %
.

very slowly over time.

U.S. FDA 4 —_— I —

 We found total PFAS concentrations
on average lower than EPA national

freshwater survey, but higher than
FDA retail fish survey.

U.S. EPA4

1072 107" 10° 10! 10° . . .
Total PFAS Concentration (ng/g) e EP A r €C€Iltly ﬁnahzed dI‘ 1nk1ng

water regulations for six PFAS.
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Potential Causes for this Contamination

Rosenberg
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Under the Surface:
Assessing Heavy Metals in Fish

We analyzed 64 fish from the Houston =
Ship Channel and Trinity Bay for heavy : "\
metals. P
e Type of fish collected: ? o
o Black Drum : ;
o Red Drum - i
o Speckled Trout L= Aot

To analyze the potential health risks we

used an assessment tool called the Target THQ For Each Heavy Metal Based On Quantity
Hazard Quotient (THQ). The THQ is Consumed
calculated by comparing the estimated

THQ

dose of a substance that an individual is Metal TH@ THQ THQ
exposed to with the reference dose.
* Results show that the THQ for Arsenic 13 > 3 :
Cadmium, Copper, and Lead are
. . . Cadmium <1 <l <l <l
below 1 suggesting their consumption
is within safer ranges. However, the Copper 1 1 <l <l
THQ levels for Arsenic and Selenium Lead 1 q q q
are above 1 resulting in a higher risk. Selenium 40 20 10 2
This is assuming these fish are being
consumed regularly as a main source
of protein. <1

If you want to know more about the effects of heavy
metals please visit the FDA website: >1
https://www.fda.gov/food/chemical-contaminants-
pesticides/environmental-contaminants-food

v

i]]-?‘ EDg\gggénentcl Funded by:
TEXAS A&M UNIVERSITY 4’ Si
School of Public Health Fund NATIONAL E;l;r::esnng

ACA D EM I ES Medicine

(l
"‘\ GALVESTON BAY GULF RESEARCH PROGRAM

FOUNDATION

Bajo la superficie:
Evaluacién de metales pesados en peces

A
Analizamos 64 peces del Houston Ship

Channel y Trinity Bay en busca de :
metales pesados. :

¢ Especie de pescado colectado
o Tambor Negro
o Tambor Rojo <
o Trucha Punteada

O 5 10 20Mes
[

Para analizar los posibles riesgos para la

salud utilizamos una herramienta llamada
Target Hazard Quotient (THQ). EL THQ se THQ para cada metal pesado basado en la
calcula comparando la dosis estimada de cantidad consumida

una sustancia a la que esta expuesto un THQ THQ THQ THQ
individuo con la dosis de referencia. Metal
« Los resultados muestran que el THQ

para el cadmio, el cobre y el plomo Assénico| 1113 Z 3 :
son menores que 1, lo que sugiere que Cadmio <1 <1 <1 <1
su consumo se encuentra dentro de
unos niveles mas seguros. Sin Cobre 1 1 <1 <1
embargo, los niveles de THQ para el
arsénico y el selenio son més altos que Plomo 1 <1 <1 <
1, lo que implica un mayor riesgo. Selenio 40 20 10 2

Todo esto suponiendo que estos
peces se consuman regularmente
como fuente principal de proteinas.

Si desea saber mas sobre los efectos de los metales
pesados, visite el sitio web de la FDA:
https://www.fda.gov/food/chemical-contaminants-
pesticides/environmental-contaminants-food
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Chemical Facllities & Vulnerable Communities
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Vulnerabillity assessment

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

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

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

F 1A 4
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Communities and ecosystems
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Vulnerabillity assessment

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

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

e Flood Modeling: Estimates flood and off-site contamination
potential and physically links Gfacility and Qcommunity scores
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Communities and ecosystems
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Vulnerabillity assessment

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

Nature-based 0

e Community scoring: Ranks communities and ecosystems by > lti
factors that make them vulnerable to this contamination 59 .u lons
mitigate these

e Flood Modeling: Estimates flood and off-site contamination _/  vulnerabilities

potential and physically links Gfacility and Qcommunity scores

o 4 |Fﬂ‘ |
 NBS: 7 :

Communities and ecosystems
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L O O k O | l e O d Gulf Coast Resiliency: Nature-based solutions for toxic flooding Indicator methodology g:%mn&mm GALVESTON 8AY A | TEXAS AsM
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* Vulnerability map D el

# Community Information

Census Tract 48201342500

Vulnerabilty Profile View
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Transport Overall Vulnerability
> Facility Impacts
) R Score: 0.45
v (@ Flood Severity
® Flood Severity
Vulnerability Ecosystem
Maximum
(O modeled flood Score: 0.43
depth, 2015
Maximum L . N W I ]
(O modeled flood aee C g ; " S e 2 s o & . “ 1 Land Use
depth, 2017 3 : |
Score: 0.53
Maximum
Indicator Percentile (Value

modeled flood

O depth, future : and Unit)
Community Prioritization e ; : T Tree Canopy Cover 53.44% (0 % of land
Percentile : X : " tree-covered)
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Vulnerabllity assessment

Facility vulnerability Community vulnerability

Baseline

Facility Ecosystem
health

hazard

Flood & Social &
Chemical chemical economic

transport
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Facility vulnerabillity

Flood
duration

Accident
potential FaCI|Ity

hazard

Flood depth

Chemical
hazards

Chemical Transport
transport SHOHAE
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Community vulnerabillity

Life
expectancy
Ecosystem
services

Baseline Health
outcomes
health

Flood & Social &
Chemical Chemlcal economic Housing &

transport transportation

Vulnerable

Facility populations

impacts
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Facility vulnerabillity

results

» Flood plain, riverine and/or

coastal flooding

* High runoft/soil erosion

« Mobile, hazardous, toxic

chemicals
» Past safety violations
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Facility vulnerabllity results

Chemical complex south of Manchester along Sims Bayou

Vulnerability Domains Vulnerability Subdomains
Flood
Flood Plain Cate or
Flood Duratlon -
Chemical transport
Chemical _
transport Transport Amount = [
Transport Concentration- [N
Facility _ Facility hazard
hazard Accident Potential -
Chemical Hazards -
1 . . 1 I Regulatory Compliance= I . . ! .
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Domain Score Subdomain Score
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Facility vulnerabllity results

Chemical complex at confluence of Carpenter and Buffalo

Bayous
Vulnerability Domains Vulnerability Subdomains
Flood
Flood Plain Category -
Flood 1 Flood Dgp?; -
Flood Duration -
Chemical transport
Chemical _
transport Transport Amount - [
Transport Concentration- [N
F.'-]C”it}’ | F-ﬂ(:lll't‘f hazard
hazard Accident Potential -
Chemical Hazards -
| | . | | Regulatory Compliance - ! . . . .
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Domain Score Subdomain Score
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Community o
vulnerabillity results ‘T

. Impacted by multiple e g
facilities ‘

» Locations with potential to
flood

e Lack natural infrastructure

and green spaces e gy S0 ._" ¥ s
» Lower baseline R Pl Gl
socioeconomic condition LN R '
Community Prioritization
Percentile
| ]
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Community vulnerabillity results

Galena Park (Tract 48201233701)

Vulnerability Domains Vulnerability Subdomains

Ecosystem
Land Use - NN
Ecosystem - Ecosystem Services - [
Flood and Chemical
Flood Chemical Transport - IR
: Facility impacts - I
Chemical Flood severity - IR
; Baseline Health
Baseline _ Access to Care - I
Health Health Outcomes - I
Life Expectancy - I
Social Social and Economic
and - Housm and Transportation =
Economic ulnerable Populations -
] ] ] ] ] Conomlc L ] 1 ) 1 1
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Domain Score Subdomain Score
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Future climate considerations

ensemble for future precipitation
» Resulted Iin 7% increase in future
(2040-2059) peak streamflow
compared to baseline (2000-2019)
« Coupled simulation with amplified
streamflow and hurricane Harvey
winds and fides :

» Downscaled climate model | Harvey I

e 2.5

?

Water depth (m)

Mont Befvi l Mont Belvieu
"‘Jul lll'J
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https://createnbs.org/toxic-flooding/vulnerability-map/

Vulnerabllity map

Gulf Coast Resiliency: Nature-based Solutions for Toxic Flooding Indicator Descriptions and Detailed Methodology
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Vulnerability map

"

"@ Selected features: 1
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Community Information

Census Tract 48167722001

Vulnerabilty Profile View

Overall Vulnerability

Score: 0.39

Ecosystem

Score: 0.54

Score: 0.92
Indicator Percentile (Value and
Unit)
Tree Canopy Cover 53.44% (0 % of land tree-

covered)

Parks and Greenspace 60.0% (0 percentile)
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Census Tract Overall Vulnerability and Ranking
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Nature Based Solutions Case Studies

Galena Park & Texas City
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Flexible Green Infrastructure Assemblage Units for Galena Park, TX
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Severe Flood Events in Galena Park

2017 ‘ Humcane Harvey2017

2016

2008

2001

Sprmg FIoods 2016

Overall Impact
Total Economic Loss

125 billion

Storm Surge

12-19 ft

Total Economic Loss

65 million

Storm Surge

13-17 inch

Total Economic Loss

351 million

Storm Surge

12-15 ft

Total Economic Loss

5 billion

Storm Surge

20-30 inch

Overall Impact
Residents Relocation

60,049

Flooded Homes

154,170

Residents Relocation

300

Flooded Homes

9,820

Residents Relocation
1.2-1.5 million

Flooded Homes

2,550

Residents Relocation

30,000

Flooded Homes

73,000

Impact to Galena Park
Inundation Percent

17.3%

Inundated Industrial Sites

8.3 Acre

Inundation Percent

1.2%

Inundated Industrial Sites

2.1 Acre

Inundation Percent

9.2%

Inundated Industrial Sites

67.5 Acre

Inundation Percent

3.4%

Inundated Industrial Sites

28.1 Acre
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Projected Future Storm Surge

Category 1

Hurricane Inundation Area: 53.9 Acre
Inundated Industrial Zone: 40.2 Acre
Inundated TCEQ Facilities: 0
Inundated TRI Facilities: 0

Industrial Percent

Inundation Percent

2% 5%

Inundated Facility Types

00

Petroleum  Chemical

Chemical Contaminations

N
Loads/lbs
200,000

150,000
100,000
50,000

0 i
Category 1

Category 2

Hurricane Inundation Area: 152.8 Acre
Inundated Industrial Zone: 81.5 Acre
Inundated TCEQ Facilities: 0
Inundated TRI Facilities: 0

Category 3

Hurricane Inundation Area: 396.8 Acre
Inundated Industrial Zone: 152.7 Acre
Inundated TCEQ Facilities: 4
Inundated TRI Facilities: 0

Industrial Percent

‘ 5% ’ ‘10%’

Inundated Facility Types

00

Petroleum  Chemical

Inundation Percent

Category 2

Industrial Percent

Inundation Percent

‘ 12%’ ‘ 19% '

Inundated Facility Types

0006000

Petroleum Stormwater  Air Sewage Chemical  Toxicity

i
Category 3

Environmental

Category 4

Hurricane Inundation Area: 1314.9 Acre
Inundated Industrial Zone: 568.9 Acre
Inundated TCEQ Facilities: 36
Inundated TRI Facilities: 4

Pefroleum Stormwater  Air

Nitrogen

Inundation Percent Industrial Percent

‘ 41% ‘ 71%

Inundated Facility Types

Q00000

Sewage Chemical  Toxicity

Phosphorous W Suspended Solids

M Zinc MEBOD coD

Category 5

Hurricane Inundation Area: 2045.4 Acre
Inundated Industrial Zone: 668.2 Acre
Inundated TCEQ Facilities: 57
Inundated TRI Facilities: 4

E - 7

Industrial Percent

,

83%

Inundation Percent

‘ 64%

Inundated Facility Types

000000

Petroleum Stormwater  Air Sewage Chemical  Toxicity

Oil&Grease M Other
Qll & Grease

Chemical Oxygen Demand
(coD)

**Biochemical Oxygen Demand
(BOD)

i
Category 4
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Pollution-Related Disease Prevalence (source: cbc 2019)

Non-point Source Pollutants

Nitrogen «
Phosphorous «——————___

Lead —
Copper * - -
Zinc -

Cadmium -«
Chromium -
Nickel » — — = 1 |
Fecal Colifom - ~

7

.

Point Source Pollutants...

Xyleng = —— -
Methanol =
Toluene» —
Benzena -
Ethylene glycol «—
n-Hexana -
Dissocyanates -~
Ethylbenzene - — — /- J S
1 1 1-Trichloroethane -/
Ammonia+ OO e
Cumene =~ — NN Nt
Phosphoric acid = N
Hydrochloric acid - i
122- Tnmethylbenzene /v
Barum+«—— /
Copper

Dissocyanates -

Lead —

City Ranking in Harris County

9096665560606

- Teethlost

Physical health not good
Obesity

Mental health not good

- Diabetes

Chronic obstructive pulmonary
Stroke

Asthma

Coronary heart disease
 Chronic kidney disease

High blood pressure

TEXAS A&M

UNIVERSIT Yo

-
o

w

2 pe

[\*]
s he

n
w”

n
-

&
o

~
o

Estimated prevalence in 1000 people

@
o))

%’\ GALVESTON BAY

FOUNDATION




Flood and Contaminant Risk Maps
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Right-of-Way (ROW) Offset Distance

Legend
Parcels

1]
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Master Plan

GREEN SUSTAINABLE
INFRASTRUCTURE DEVELOPMENT

1.Railroad park 8. Entertainment venue
2. Green promenade 9. Pedestrain node
3. 2nd Street park 10. Business district

S Eanatcha Gl 11. Industrail model district

gardens
5. Naturalized water channel
6. Protective flood barrier
7. Industrial buffer

.........

G 005 - b2 o
Miles

Environmental

Defense TEXAS A&M %’\ GALVESTON BAY

UNIVERSIT Yo FOUNDATION




Green Infrastructure Stormbox

Toolbox: Pipe Depth vs. ROW Width
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Design Impact (Basic L-THIA Model)

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

Green Infrastructure “Assemblage Units”
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Assemblage Unit: Streetscape & Retention System G

W infiltration

Rain garden + Curb cut planter
@ 2 " evaportranspiration
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Delft 3D Mesh Modeling for Impact

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

“ Inundation Volume at Areal Extent at Maximum
Maximum Surge (m?3 Surge (m?

Wlthout Master Plan 449,493 270,029
315,312 191,018
w/o sink points 2008-09-13 12:00:00 w/ sink points 2008-09-13 12:00:00
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Nature Based Solution Guide
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Why a decision guide

Explore flood risk

Assess conditions affecting damages and Q
vulnerability

Reduce exposure

p
laql
=i

M

=

) Evaluate opportunities for community—-desired
A A  outcomes

Flexible decision-making

> -

8 Connective tissue linking information from this
inifiative

O
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Who Is the decision guide for

Hazard risk
managers

/4 = o 2F
é:l Eng‘inﬂe'ers A A

Non-profifs é]
lH\

& & Community groups/orgs
M /

Consultants
Municipalities/local ‘ '

government

Facility managers
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How natural infrastructure reduces flooding
' b [
o ' g b
! ‘ ¥ ) x ]

What does the decision
guide do

« |dentifies NBS options for flooding with
chemical risks

* |denftifies 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
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A Decision Tool for Identifying Potential Nature-Based Solutions (NBS) to Reduce H O W d O O U U S e -l- r ] e
Flood Damages and Petrochemical Pollution in the Gulf of Mexico, based on an
Evaluation of Galveston Bay
° ° °
The aim of implementing Nature Based Soluticns (NBS) is to address the inherently dynamic aspects of flooding I I n I
and provide multifinctional solutions (2.g., flood and contammation mitigation) for communities. Natural infra-
strocture and NES have been shown to reduce flood heights, speed, and volume, assist in the sequestration and
reduction of stormwater munoff as well as the natural filtration of contammants associated with floodwaters,

There are two means to reduce the threat of chemical exposure from flooding: measures that lower the risk of
flooding within a petrochemical facility and measures that restrain, redirect, and/or contam contammated waters
and zediment See Tables 1and 2.

e ki i b ek e el el Pt Online tool and downloadable guide

fluences affecting damages and vulerability; and evalnate opportonities and identify desirable cutcomes. Con-

e e e ey e S g s ek - Data/Input guidance
Figore 1. Schematic on the focus of thisstudy and tool. » Flood and chemical risk
Community benefits from NBS
Aresspron e s « Ecosystem needs
o o e * lterative process
. o charmeets of e .
—— g s 5. i » Diverse stakeholder engagement

ter level, wave height and

wave period, etc) as well as

zea level rise (and subsid-

KI. ) I ! ) ) ) ence). NBS proposed for
iona likely needing additional interventions to reduce growing potential to experience

releases of petrochemi cals due to excessive rantal andfor flooding from storms and rising flood-risk reduction depend
seas. These areas are tha focus of this study and tool for communities and facility mangers. on raizing the cross-shore pro-

file, increasing the distance
between water and structures
and offering greater frictional resistance to the movement of water to reduce waves, slow water speed, decrease
erosion, lower water levels, and manage storm munoff This is done via:

® creating space for less damaging flooding to occur (e.g., broadening floodplains);
* recreating topographic and bathymetric complexity (e.g., using features such as dunes, islands, strate-
gically placed logs and sticks, and shellfish reeft) to store, restrain, or redirect flomrs-
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How do you use the decision guide

Broadened floodplains (with trees)

1. Does the community have less

tree coverage than typical for the
%5 Dunes and berms (with trees)

regu')n? Yes The community may be
No > underserved or benefit
' Yes from investment in trees.
2. Does the community desire ~~ Bioswales (with trees)

more trees?

No
\
Stop

Storm water parks (with trees)
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Table 4b. Example showing only top 10 community priorities.

Benefits vulnerable populations

Mitigates multiple flood hazards

Complements other flood risk reduction solu- "
tions

sea level rise,

Reduces chemical exposure

Reduces storm damage

Improves stormwater runoff quality or
coastal/riverine water gquality

Creates recreational opportunity

Minimized industrial operations impact

Aligns with community goals
Affordability *

Improves so-| Increases | Improves resilience

cial and eco-|ecological| to coastal storms,

nomic resili- | resilience
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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
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Createnls.org

HOME TOXIC FLOODING VULNERABILITY v NATURE BASED SOLUTIONS v RESOURCES ABOUT

Applying nature-based
solutions for toxic flooding

Resilience for the Gulf Coast

Climate change increases the likelihood of floods causing health-harming chemical releases at petrochemical manufacturing and
storage sites. New research from Environmental Defense Fund, Texas A&M University and Galveston Bay Foundation improves
understanding of this toxic flooding vulnerability and proposes nature-based solutions to protect people and ecosystems.
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