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Hurricane Sandy
Contaminants assessment

• $60+ billion in physical, environmental, 
ecological, social, and economic impacts

• 11 billion gallons of sewage (2/3 partially 
treated, 1/3 untreated) released into 
waterways and city streets
• ~94% result of damages caused by coastal 

flooding

• 167 estuarine sediment sample locations 
along the NYNJ coastline
• Assessed presences of hundreds of chemical 

contaminants and biological response/toxicity

• Geospatial reconnaissance of contaminant 
sources, remote sensing of plumes

Fischer and others, 2015, Estuarine bed-sediment-quality data collected 
in New Jersey and New York after Hurricane Sandy, 2013: U.S. 
Geological Survey Data Series 905, http://dx.doi.org/10.3133/ds905.

USGS Hazardous Data 
Distribution System, NJ 
Aerial Photos

October 2012



Major limiting factor: No baseline!

• Marine Pollution Bulletin Special Issue
Resetting the Bar: Establishing Baselines for Persistent Contaminants after 
Hurricane Sandy in the Coastal Environments of New Jersey and New York, USA. 

• Lack of an existing multi-metric sediment-quality assessment of integrated 
environmental health stressors forced reliance on historical data collected by 
USGS and other agencies (particularly EPA and NOAA) that lacked the density, 
extent, and analyses necessary to rigorously evaluate environmental health 
impacts throughout the region.



Sediment-bound Contaminant Resiliency 
and Response (SCoRR) strategy

A tiered, multi-metric approach used to:
(a) identify and map contaminant sources and potential exposure pathways for human and 

ecological receptors

(b) define the baseline mixtures of environmental health (EH) stressors present in multiple 
matrices and determine correlations of relevance in Resiliency Mode

(c) document post-event changes in EH stressors present in multiple matrices in Response Mode

(d) establish and apply metrics to quantify changes in system resilience associated with 
contaminants. 

Integration of this information provides a means to more fully assess the baseline status of a 
complex system and more adequately assess the significance of changes in contaminant hazards 
due to disaster-based disturbances.

ScienceBase Community - https://www.sciencebase.gov/catalog/item/56d8aad6e4b015c306f6d1a5

https://www.sciencebase.gov/catalog/item/56d8aad6e4b015c306f6d1a5


Resiliency Mode: Define Baseline

Response Mode: Determine post-event changes



ResiliencyPilot Implementation

• >5,000 stations prioritized, 
subset sampled
• 212 Resiliency ME→VA

• 52 Response MA→VA + SC

• Hurricane Joaquin

• Appalachian Flooding

• Organic and inorganic chemistry, 
pathogens, biological assays

for complete list of analytes and 
assays, see Reilly et al., 2015; 
doi.org/10.3133/ofr20151188A

Response



Refining SCoRR for inland oil-spill assessments 
in the Northeast region

Outstanding questions following Pilot

• Where are the contaminant sources and 
the communities that may be exposed?

• Are there rapid assessment methods that 
need to be developed?

• How do we better predict impact and 
what is needed for different event types?

IOSPP assessment objectives

• USGS staff in each Center throughout the 
Region worked with local stakeholders to 
obtain asset and infrastructure data

• Compile stakeholder and national-scale data—
integrate vulnerability data with oil and gas 
hazard data

• Generate custom vulnerability metrics



Oil spills

• Causes 
• Accidental releases from drilling, 

refining, storage, or transport
• Pipeline breakage, ship 

collision/grounding, underground 
tank leakage, explosions

• Natural seepage

• Frequency
• 1.3 million gallons/year spilled in US 

waters
• 250k spills in US waters 1971-2000
• NE US – 140 spills since 1960



Oil spills

• Types of oil
• Extraction spill = crude

• Post-refined spill = diesel or 
petroleum

• Tanker puncture = gasoline

• Properties and implications
• Light oil spreads faster than heavy oil

• Refined fuels evaporate but are highly 
toxic via inhalation or absorption

• Heavy oils persist, coats wildlife and 
therefore cannot maintain body heat



Stakeholder Data Compilation
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Stakeholder Data Compilation



Vulnerability 
and Asset Layers
• Public access locations

• Watersheds and state-
designated healthy 
watersheds

• Valuable habitats and 
species distributions

• Conservation areas



SHIRA - Strategic Hazard 
Identification and Risk Assessment

• Geospatial layers and applications to visualize multi-hazard exposure to 
various DOI assets

• Oil and Gas composite layer -
• DHS Homeland Infrastructure Foundation-Level Data (HFILD)
• pipelines, plants, refineries, import/export sites, platforms, and wells

https://www.sciencebase.gov/catalog/item/5b91a0c2e4b0702d0e808bb2

https://www.sciencebase.gov/catalog/item/5b91a0c2e4b0702d0e808bb2


Oil and Gas 
Hazard Layers
• SHIRA composite oil and 

gas

• EPA-regulated oil and gas 
facilities

• NOAA-reported spills



Geospatial Screening Approach

Overlay and 
Proximity 
Analyses

Define Contaminant Sources Define Hazards

Define Assets

Attribute Vulnerability

Stakeholder Priorities

Range from field observations to 
permitting records and vary in detail 
from specific contaminant loads to 
industrial sectors.

Storm tracks (current or historic), 
flood frequencies, fire hazards, 
earthquake frequencies, etc.

Buildings, populations, habitats, 
infrastructure, economics

Provides a customized valuation of 
identified assets, refined 
vulnerability assessment



Geospatial Screening Approach - IOSPP

Overlay and 
Proximity 
Analyses

Define Contaminant Sources

Define Assets Stakeholder Priorities

Range from field observations to 
permitting records and vary in detail 
from specific contaminant loads to 
industrial sectors.

Buildings, populations, habitats, 
infrastructure, economics

Provides a customized valuation of 
identified assets, refined 
vulnerability assessment



Mapping 
Vulnerabilities

• 12,159 HUC12 Catchments
• 6,138 contained oil and gas 

infrastructure

• 2,347 contained EPA-regulated 
oil and gas-related facilities

• 167 have reported spills

• 1,204 Healthy Watersheds
• 415 contained oil and gas 

infrastructure

• 77 contained EPA-regulated oil 
and gas-related facilities

• 0 contained reported spills



Proximity to asset:

• Highlights potential threats 
in the immediate vicinity

• Local remediation and 
containment

Vulnerability Across Scales 
Fishing Access



Immediate catchment of asset:

• Highlights nearby landscape 
connected by flow

• Captures broader impacts

• Within local management 
decision space

Vulnerability Across Scales 
Fishing Access



Upstream watershed of asset:

• Upstream events may 
impact downstream 
communities

• Previously low impact site 
now in upper impact tier 

• Crosses jurisdictional 
boundaries requiring 
coordination

Vulnerability Across Scales 
Fishing Access



Application to DOI spill response

• Asset and stakeholder priority data on hand for impact assessment, mitigation 
design

• Baseline evaluations: where mitigation areas will need to be targeted or 
protected based on potential vulnerabilities and re-evaluate on the fly based on 
event or spill progresses and forecasts change

• Framework readily accepting of real-time spill information

• If an event or spill occurs, incident managers will have access to important 
datasets to help quickly assess
• Immediate response
• Post-event



Next steps

• Expanding beyond the Northeast – fully transferrable with national-
scale datasets already cataloged

• Incorporate dynamic datasets

• Develop active repository for USGS capabilities and common 
standardized/customizable field form for response

• Further development of stand-alone application to allow incident 
managers full access without GIS experience



Thank you!

USGS team

• Dan Jones (UT WSC) – dkjones@usgs.gov

• Kristin Linsey (NY WSC) – kslinsey@usgs.gov

• Shawn Fisher (NY WSC) – scfisher@usgs.gov

• Data compilation by Water Science Center
• Rena Kalmon (New England)
• Kristin Linsey (NY)
• Anna Boetsma (NJ)
• Russ Ludlow (PA)
• Andy LaMotte (MD-DE-DC)
• Chris Mason (VA-WV)

• SHIRA support
• Jason Sherba
• Nathan Wood

Related SCoRR publications

• ScienceBase Community -
https://www.sciencebase.gov/catalog/item/56d8aad6
e4b015c306f6d1a5

• Strategy OFR: https://doi.org/10.3133/ofr20151188A

• Field SOP: https://doi.org/10.3133/ofr20151188B

• Griffin et al., 2019, The presence of antibiotic 
resistance genes in coastal soil and sediment samples 
from the  Northeastern United States, Environmental 
Monitoring & Assessment

• Data Releases:
• Field Data: Resiliency 

http://dx.doi.org/10.5066/F7VT1Q5Z and Response 
http://dx.doi.org/10.5066/F7R20ZG0

• Analytical Inorganic Chemistry: 
https://doi.org/10.5066/F79W0CNF

• Matrix inhibition PCR and Microtox® 81.9% screening 
assay: https://doi.org/10.5066/F7F47MBM

• dPCR and qPCR: http://dx.doi.org/10.5066/F7XS5SH2

• Forsythe National Wildlife Refuge exposure potential: 
http://dx.doi.org/10.5066/F7765CH1

• FTIR and PP2A: forthcoming

• IOSPP Stakeholder Compilation: Request internal 
access

https://www.sciencebase.gov/catalog/item/56d8aad6e4b015c306f6d1a5
https://doi.org/10.3133/ofr20151188A
https://doi.org/10.3133/ofr20151188B
http://dx.doi.org/10.5066/F7VT1Q5Z
http://dx.doi.org/10.5066/F7R20ZG0
https://doi.org/10.5066/F79W0CNF
https://doi.org/10.5066/F7F47MBM
http://dx.doi.org/10.5066/F7XS5SH2
http://dx.doi.org/10.5066/F7765CH1

