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Vulnerabilities and Adaptation

Flood Hazards
Risk Assessment
Collection Systems
Treatment Systems



Sea Level Rise & Storm Surge



Extreme Precipitation



Close to water
Low-lying
Inflow 
Aging systems



Risk Assessment

Likelihood & Consequence of flooding

Not “worst-case” scenarios
but

“worst-likely” scenarios



Likelihood of Flooding

At what elevation would the asset fail to function?

Door threshold/ 1st Floor
Outdoor equipment
Indoor equipment

Opening to basement

Threshold for 
significant damage?



Criticality and Consequences

• Area of service loss
• Duration of service loss
• Cost of damage
• Impacts to public safety and emergency 

services
• Impacts to economic activities
• Impacts to public health and the environment



Case Examples

Combined 
Sewers

Cambridge, East Boston

Pumping 
Stations

Gloucester, Hingham, Hull, Oak 
Bluffs, Swampscott

Buildings Massport, Cambridge

Treatment Plants Gloucester, Hull, Swampscott



Cambridge Combined Sewers
2030 1% Probability 24-Hour Rainfall



East Boston Combined Sewers



Combined Sewers

Adaptation strategies:
Regional flood protection
Watertight manholes
Sewer separation
Storage, conveyance, and pumping capacity
Tide gates



Pump Stations

Municipality Vulnerable by 2070s
Gloucester 9
Hingham 8
Hull 6
Oak Bluffs 2
Swampscott 1



PUMP	STATION	FLOOR	EL.	9.5

(2070)	1%	FLOOD	DEPTH	=	3’	4”

(2030)	1%	FLOOD	DEPTH	=	3”

ANNUAL	CHANCE	OF	FLOODING
Present	=	0.2%	(1-IN-500)
2030	=	1%	(1-IN-100)
2070	=	100%	(1-IN-1)

Gloucester Good Harbor Pump Station

• Lines shown are approximate and not to scale
• All elevations noted are in NAVD88



Hull Waste Water Pump Station 6



Hull Waste Water Pump Station 6

16 ft

2 ft
4 ft

Incremental: 2 ft. high berm around three sides

Long term protection: 4 ft. high retaining wall with berm on two sides
(reuse berm material)



Hull Waste Water Pump Station 9

Raise pump 
station 2.5 ft.

Current 
foundation 
height is ~3.5 ft

Replace building 
envelope with pre-
cast concrete 
(impermeable)

ALTERNATIVE 1 ALTERNATIVE 2

Add demountable 
panels on door 
and louvers



Oak Bluffs School Street Pump Station



Swampscott Humphrey Street Pump Station

Year 2070



Swampscott Humphrey Street Pump Station



Swampscott Humphrey Street Pump Station



Pumping Stations

Adaptation:
Elevation
Floodproofing – permanent, temporary
Emergency power



Logan Airport – State Police Building



Cambridge – Public Outreach



Cambridge – Public Outreach



Wastewater Treatment Facilities

Municipality Criticality 
Ranking

Risk Ranking

Gloucester 1 out of 95 36 out of 95
Hull 1 out of 40 10 out of 40



Gloucester Water Pollution Control Facility 

FACILITY	FIRST	FLOOR

(2070)	0.2%	FLOOD	DEPTH	=	3.7’ANNUAL	CHANCE	OF	FLOODING
2030 =	0.5%	(1-IN-200)
2070	=	50%	(1-IN-2)

(2030)	0.2%	FLOOD DEPTH	=	0.9’



Gloucester Water Pollution Control Facility 

2030 0.2%



2070 0.2%

Gloucester Water Pollution Control Facility 



Hull Sewer Plant

2030 1%



Hull Sewer Plant

2070 1%



Hull Sewer Plant

Maintain Existing Floodproofing System
Elevate Sensitive Exterior Equipment
Long-Term: Perimeter Flood Wall



Takeaways

Wastewater systems face high and growing risks over 
the near and long-term
Solutions are available to help adapt buildings, 
collection systems, and treatment facilities to mitigate 
flood risk.

Massachusetts communities are leading the way in 
risk assessment and planning.
Now action is needed!



Thank you!

Nasser Brahim
Senior Climate Change Planner
nbrahim@kleinfelder.com


