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Introduction
• Current environmental	hazards	facing	MA

• Flooding
• Hurricanes/storm	surges

• Future climate	change	hazards	facing	MA
• Exacerbation	of	flooding/hurricanes

• Increased	frequency
• Increased	severity

• Sea	level	rise

Imperative	to	prevent	additional	waste	site	
contamination	spread:
à Identify	sites	vulnerable	to	natural	hazards Flooded	street	in	Marshfield,	MA,	after	a	

winter	storm	January	27,	2015	(NBC	News)



Research	objectives

Part	I	:	Vulnerability	analysis
1. Assess	current	vulnerability	of	waste	sites	to	natural	hazards
2. Assess	social	impact	of	potential	(current)	waste	site	flooding

• Water	resources
• Disadvantaged	communities

3. Consider	future vulnerability	of	waste	sites	to	natural	hazards	

Part	II	:	Climate	Change	Adaptation
4.			Recommend	remediation	techniques



Research	objectives

Part	I	:	Vulnerability	analysis
1. Assess	current	vulnerability	of	waste	sites	to	natural	hazards
2. Assess	social	impact	of	potential	(current)	waste	site	flooding

• Water	resources
• Disadvantaged	communities

3. Consider	future vulnerability	of	waste	sites	to	natural	hazards	

Part	II	:	Climate	Change	Adaptation
4.			Recommend	remediation	techniques



Methods	– Current	Vulnerability

1. Graph	waste	sites
2. Create	buffer	zones	around	sites

• EPA	standard:	50	feet
3. Calculate	overlap	with	hazard	areas:

• Flooding (FEMA National	Flood	Hazard	Layer)
• Hurricanes/storm	surges	(Army	Corps	of	Engineers	Hurricane	Surge	Inundation	Layer)

4.		Assess	vulnerability
• Identify	sites	with:

• High	#	of	environmental	risks
• High	#	of	active	remediation	systems





3772	Open	sites
443	Active	remedial	system	sites

All	sites



1078	Open	sites
89	Active	remedial	system	sites

Sites	at	risk



Sites	at	risk	for	flooding



Cambridge,
MA



Marina	Bay,
Quincy
MA



Revere,
MA



Cape	Cod,
MA



Sites	at	risk	for	hurricanes



Boston,
MA



Hazard Type

Site	Type Flooding Hurricanes Both

Open	Sites 542	sites 794	sites 258	sites

Active Remedial	Sites 50	sites 52 sites 13	sites

Current	waste	site	vulnerability



Priority	sites:	active	remedial	systems
Site name RTN GW

Recover
SVE Sparging Dual

phase
OHM type # Remedies

NO LOCATION AID 3-0018094 0 1 1 0 Hazardous Material 2

GE RIVER WORKS 3-0000357 1 1 0 0 Oil 2

MBTA BUS TERMINAL 3-0002426 1 0 0 1 2

GLOBAL PETRO 3-0014835 1 0 0 0 Oil 1

REVERE COPPER PRODUCTS INC 4-0000815 1 0 0 0 Oil 1

MOBIL STATION 01 602 FMR 4-0000842 0 1 1 0 Oil 2
TUCK POINT CONDOMINIUM 

ASSOCIATION 3-0000234 1 0 0 1 Oil and Hazardous Material 2

SHELL SERVICE STATION 4-0014975 1 0 0 0 1

FORMER LIGHT PLANT FACILITY 4-0022172 1 0 0 0 Oil 1
SEWER MAIN REPLACEMENT 

PROJECT 4-0021801 1 0 0 0 Oil 1
FRANCONIA HURLEY LUMBERTOWN 

CORP 4-0014893 0 1 0 0 Oil 1

NO LOCATION AID 3-0018919 0 1 0 0 Oil and Hazardous Material 1

RTE 1A DRAINAGE SYSTEM 3-0024249 1 0 0 1 Oil 2
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Methods	– Social	Vulnerability
1. Visualize	overlap	of	sites	at	risk	for	hazards	with	social	parameters:

• Water	resources:
• Surface	water	supply	protection	areas	(Zones	A	&	B,	reservoirs)
• Wellhead	protection	areas	(Zones	1	&	2)
• Title	5	Setback	areas

• Environmental	Justice	communities	(2010	US	Census)
2.		Assess	vulnerability

• Identify	sites	with:
• Close	proximity	to	water	resources
• Close	proximity	to	the	disadvantaged



Water	resources



Environmental	Justice	communities



Water	resources	&	EJ	communities



Boston,
MA



Worcester,
MA



New	
Bedford,

MA
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Climate	change	&	future	vulnerability
• Sea	level	rise:

Localized	projections	from	the	2014	National	Climate	Assessment

• Exacerbation	of	flooding/storms:
• Increased	frequency

• 100	year	flood	possibly	every	35	to	55	years
• Greater	occurrence	of	ponding

• Increased	intensity
• Greater	inundation	extent

• Floodplain	expansion

2030 2050 2100
Slow	rise	scenario 0.4	ft 0.8	ft 1.9	ft

Medium	rise scenario 0.6	ft 1.3	ft 4.0	ft

Fast	rise scenario 0.8	ft 1.9 ft 6.4	ft



Boston,	
currently



Sea	level	rise:
1	foot



Sea	level	rise:
2	feet



Sea	level	rise:
3	feet



Sea	level	rise:
4	feet



Sea	level	rise:
5	feet



Sea	level	rise:
6	feet



Climate	change	&	future	vulnerability
• Sea	level	rise:

Localized	projections	from	the	2014	National	Climate	Assessment

• Exacerbation	of	flooding/storms:
• Increased	frequency

• 100	year	flood	possibly	every	35	to	55	years
• Greater	occurrence	of	ponding

• Increased	intensity
• Greater	inundation	extent

• Floodplain	expansion

2030 2050 2100
Slow	rise	scenario 0.4	ft 0.8	ft 1.9	ft

Medium	rise scenario 0.6	ft 1.3	ft 4.0	ft

Fast	rise scenario 0.8	ft 1.9 ft 6.4	ft



Case	study:

Projected	Expansion	of	the	
Floodplain	with	Sea	Level	Rise	in	

Wareham,	Massachusetts
Buzzards	Bay	National	Estuary	Program	and	

Massachusetts	Office	of	Coastal	Zone	Management	



Future	
vulnerability	
example:	

Buzzards	Bay	
Study	–

Wareham,	MA	
(2013)
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Adaptation	measures

• Site-specific
• Generally	involve:

• Raising/protecting	electrical	
equipment

• Using	submerged	pipes
• Alert	systems

EPA	Climate	Change	Adaptation	Factsheet	– Groundwater	remediation	systems



Adaptation	resources

EPA	Climate	Change	Adaptation	Fact	sheets:
• Groundwater	remediation:

• https://semspub.epa.gov/work/HQ/175851.pdf
• Landfills/containment	as	element	of	remediation:

• https://semspub.epa.gov/work/HQ/175853.pdf
• Sediment	containment	remediation:

• https://semspub.epa.gov/work/HQ/177110.pdf

Profile	of	three	EPA	Superfund	sites’	adaptation	measures:
• https://clu-in.org/products/newsltrs/tnandt/view_new.cfm?issue=0514.cfm



Thank	you!


