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Hurricanes are responsible for the most expensive and 
deadliest disasters in the United States.1 As many as two 
dozen hurricanes may affect the East Coast per year, with 

winds of over 44 miles per hour affecting more than 5 million square 
kilometers of land, or nearly one-quarter of the nation’s territory.2 
About 30 million people in the United States are potentially exposed 
to hurricane wind hazards, and some 6 million are directly subject to 
the storm surge arising from a storm.3 Storm surge is often the greatest 
threat to life and property from a hurricane. In addition to major 
physical damages to the buildings and infrastructures by the storm 
surge, the associated environmental impact is of concern due to the 
potential release of chemical and hazardous materials. 

Studies have showed that during Hurricanes Katrina and Rita, 
storm surge was responsible for most of the petroleum and hazardous 
material releases, and failure of storage tanks was the most common 
mechanism of release. Potential sources of contaminants following 
storm surge and flooding include: chemical releases from industrial 
facilities, sewage overflows from wastewater collection systems 
(septic tanks and wastewater treatment plants), leaking petrochemicals 
from submerged vehicles and fuel stations, contaminated debris and 
other chemicals from businesses and submerged homes, and decaying 
vegetation and other organic debris. Inundation of historically 
contaminated soils and redistribution of historically contaminated 
aquatic sediments also raised concerns for potential adverse effects on 
human health and the ecosystem. 

Because of their locations along coast, two metropolitan areas 
in Florida, Miami and Tampa, were ranked number two and seven, 
respectively, for their vulnerability to major storms among all cities 
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globally according to a 2013 World Bank 
study.4 In 2017, Hurricane Irma brought fears 
of storm surge and toxic threats to Tampa 
area before it weakened from a category 
4 to a category 1 hurricane.5 In the Tampa 
Bay Region Statewide Regional Evacuation 
Study,6 county emergency management 
agencies delineate the evacuation zones 
based on the storm tide limits, perform 
a vulnerability analysis, and prepare 
hurricane evacuation plans according to the 
vulnerability analysis. 

In its 2010 Countywide Post-Disaster 

Redevelopment Plan,7 Hillsborough County 
pointed out that major events, such as a 
hurricane and its related winds and storm 
surge can damage or destroy the important 
natural areas, such as wetlands and other 
natural ecosystems. More importantly, 
the storm surge can result in chemical 
and hazardous substance spills that, as a 
secondary hazard, contaminate the ports, 
shorelines, and connected watersheds, and 
any other areas inundated by the storm 
surge. Detailed vulnerability areas can be 
determined using the specific chemical, 
amount of release, wind direction, and wind 
speed. However, according to the Local 
Emergency Planning Committee (LEPC) 
and the County Hazardous Material Section 
of the Emergency Management Office, due 
to the specificity of each hazardous material 
release, it was not possible to determine 
the hazardous material vulnerability zones 
or population exposure for the county.6 In 
particular, no studies had been performed to 
evaluate the impacts of chemical releases/
spills resulting from storm surge in the 

Tampa Bay area. In order to evaluate and 
identify dangers from the potential chemical 
and hazardous material contamination 
occurring from a major storm surge event, 
the Hillsborough County Hazard Mitigation 
Program of the Public Works Department 
performed a comprehensive study regarding 
storm surge-chemical contamination to 
the Hillsborough County bay area as a 
component of the Hillsborough County Post 
Disaster Redevelopment Plan. 

Methodology
An inventory and analysis of all critical 

facilities with type/quantity of chemicals was 
performed. The available data associated 
with the storm surge inundation area, 
critical facilities holding (using, storing, 
or managing) hazardous materials, and the 
chemical inventory were collected from a 
variety of sources including the Hillsborough 
County Office of Emergency Management, 
Florida’s State Emergency Response 
Commission (SERC) Hazardous Material 
Inventory System, U.S. EPA’s Toxic Release 
Inventory Database under the Emergency 
Planning and Community Right-To-Know 
Act, Federal Emergency Management 
Agency databases, and other sources. 

Inundation areas including storm surge 
heights and vulnerable population within 
storm surge boundary zones for “major” 
storms (Category 3 through 5 on the Saffir-
Simpson scale) within Tampa Bay were 
analyzed using GIS data from the SERC 
and the Hillsborough County land use 
information metadata. To identify critical 
facilities within storm surge zones, the 
critical facilities storing chemicals were 
incorporated into the storm surge Category 
3 through 5 zones based on their spatial 
location. Uncontrolled releases from a point 
source for each chemical at the maximum 
amount stored at a critical facility was 
analyzed to simulate a catastrophic release 
scenario. 

For petroleum and related fuel products, 
the General NOAA Operational Modeling 
Environment (GNOME) was utilized to 
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simulate the impacts within the shoreline/
storm surge zone boundary. For non-
petroleum related chemicals, a Conceptual 
Dilution Model (i.e., Cylindrical Water 
Column Model, or CWCM) developed in the 
study was used to evaluate the post-storm 
surge impacts of chemical releases from 
each critical facility caused by a catastrophic 
release from storm surge. Inside the CWCM 
model, the hazardous material undergoes 
processes including evaporation, dissolution, 
dilution, mixing, and equilibrium distribution 
between water and soils/sediments, 
entrainment, and sedimentation, depending 
on the physio-chemical properties of the 
material. After the storm surge recedes, the 
contamination associated with the material 
releases are evaluated for the risks on 
human health and ecosystem through the 
retained waters and settled sediments at the 
land surface in comparison to risk-based 
screening levels for environmental media. 

Results and Findings
In total, over 750 critical facility 

sites were identified in the Tampa Bay 
area, including 510 sites in Hillsborough 
County, 39 sites in Manatee County, and 
217 sites in Pinellas County. Among these 
critical facilities, there were 133 (26%), 
13 (33%), and 141 (65%) located within 
the storm surge Category 5 boundaries for 
Hillsborough, Manatee, and Pinellas County, 
respectively (Figure 1). 

The Critical Facilities (133 sites) in 
Hillsborough County located in storm surge 
zones consists of a large class of chemicals, 
including acids, ammonia, chlorine, 
petroleum fuels/oils, metals, phosphorus, 
organic pesticides and insecticides, and 
other toxic chemicals. Based on the CWCM 
model and the preliminary simulation using 
GNOME, 28 of the 133 Critical Facilities 
(Figure 2) were identified as having one or 
more hazardous materials stored onsite at 
an amount that could cause potential human 
health and environmental concern through 
either surface water or soil contamination. 
The chemicals stored at the Critical Facilities 

located in Manatee and Pinellas Counties 
were not expected to have significant adverse 
impacts on Hillsborough County, with the 
exceptions of large quantities of heavy 
fuel oils stored in certain Pinellas County 
facilities. 

Implications and Future Study
This study presented a framework to 

prioritize facilities of critical concern and 
assess the risks associated with storm surge-
induced chemical releases. The results from 
this study can be used in the pre-disaster 
and post-disaster planning periods during 
a major storm surge event. For example, 
the critical facility and the chemical 
information database can provide insights 
regarding post-disaster search and rescue 
operations, assessment of critical facilities 
to ensure the presence/absence of potential 
adverse impacts to human health and the 
environment, and long-term environmental 

Figure 1. Critical Facilities Located in Storm Surge Category 5 Boundary
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recovery and restoration from a storm surge 
impact. 

Given that the critical facilities may have 
new types and /or quantities of chemicals, 
the structural integrity of the facility is 
sometimes not well understood, and the 
land uses are changing with metropolitan 
development, additional studies are necessary 
to assess detailed chemical containment 
structural vulnerability and vulnerable 
population within the impacted area for 
each critical facility with updated chemical 
inventories. Subsequently, a facility specific 
mitigation plan (e.g., reinforcement of the 
facility containment construction, reduction 
of the hazardous material holding capacities, 
land use planning, and post-disaster 
redevelopment preparation) can be prepared. 

In addition, a Web-based user-friendly 
mapping tool can be developed using this 
study to locate and provide critical facility 
and vulnerability information within impacted 
areas from each critical facility, for improved 
pre- and post-disaster mitigation planning. 
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Figure 2. Critical Facilities at Hillsborough County with Chemical 
Contamination Concern
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