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 Adaptive measures 
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 Implications for water 
agencies 
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Milne et al. (2005) 



Douglas (1997) 
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Sea Level 
Rise is Not 

One Size 
Fits All 

Source: NOAA National Ocean Service 



http://tidesandcurrents.noaa.gov/sltrends/ 

Sea Level Trends 
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 Storm surge, inundation, and waves 
 Increase is greater than adding to SLR 
 Research indicates there is amplification 

due to local topography 
 Future storm characteristics are unknown 

Changing 
Storm Risk 

Compounds 
SLR Impacts 



© 2011 ARCADIS 17 October 2014 9 of 22 

Superstorm 
Sandy 

Atlantic City 

Tuckerton, NJ 
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USA Today: Scientists warn sea levels 
could swamp coasts: October 8, 2014 

“It doesn't take a storm to cause destructive flooding.” 

“In the next 15 years or so, 
many towns and cities 
could see a tripling in the 
number of high-tide floods 
each year. In 30 years, a 
whopping tenfold increase 
is possible.” 
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 Municipal drainage no longer works 
during high tide 

 Increasing frequency of flood events 

 Inundated roads 

What are the 
effects? 
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 Rivers and aquifers becoming more saline 

 Plant and tree mortality (ghost forests) 

 Lowland fields no longer suitable for 
agriculture 

What are the 
effects? 
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 Sea level rise in perspective 

 Adaptive measures 

 Urban redesign 

 Implications for water 
agencies 
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Natural solutions 

Engineered solutions 

Inner city solutions 

http://www.google.nl/url?sa=i&rct=j&q=duinen&source=images&cd=&cad=rja&docid=dXfEuJmy477KwM&tbnid=HbYV9L7HO8eMQM:&ved=0CAUQjRw&url=http://www.schoolplaten.com/foto-duinen-zee-kust-i4915.html&ei=ET4gUZf6Iojk8gTQ54DwBg&psig=AFQjCNE8Ezfw0YX5s7OTJ8e3aSjMM1l39Q&ust=1361153907599240
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Multiple Lines of Defense 
 

3 

2 

1 Outer Layer of Defense 
(Regional) – Larger, engineered 
solutions 

Middle Layer of Defense  
- Connecting “transition” zone) 

Inner Layer of Defense (Local) 
- Smaller-scale solutions, green  
   infrastructure 
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Seabrook Sector Gate 

 

 17 

Protection 100-yr Flood Construction  2006 – 2011  Investment: $14.5 B  

Lake Borgne Storm Surge Barrier 

 

 

West Closure – Pump Station 

 

 

Flood Protection New Orleans 

Outer Layer of Defense Outer Layer of Defense                                                                               
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Storm Surge Barriers from Around 
the World 

18 

Outer Layer of Defense                                                                               Outer Layer of Defense                                                                               
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Building with Nature, Scheveningen (NL)  
- Sand Engine  

Utilize Natural Processes 

Create Marshlands “Seed” sand formation 

Middle LDefense Middle Layer of Defense                                                                               
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Beach Fortification: Scheveningen 

Transition Zone Defense                                                                               Middle Layer of Defense                                                                               



Bay Park Treatment Plant: – 
Hurricane Sandy 

Inner Layer of Defense                                                                               Inner Layer of Defense                                                                               



Bay Park Water Treatment Plant 

22 
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PERSPECTIVES 
PARK VIEW - CURRENT 
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PERSPECTIVES 
PARK VIEW - FINAL 
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PERSPECTIVES 
PARK VIEW – CURRENT 
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Bay Park Treatment Plant 

26 

Images: hybrid protective alignment, retaining heights <12ft 

 
 

 
 

 
 
 



Comprehensive Flood Mitigation Plan 
West Street and 104 Broad Street 
Telecommunications 

Inner Layer of Defense                                                                               
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Protection of New York’s Critical Assets 
  

28 

- Telecommunication Centers 

  

Images: deployment of removable flood wall - flood wall design – underground utilities and conduit plugs  

 
 

 
 

 
 
 

Inner Layer of Defense                                                                               
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 Climate in perspective 

 Adaptive measures 

 Urban redesign 

 Implications for water 
agencies 

Outline 



Battery Park City  

Source: Mayor’s Office 
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FLOW-3D MODEL FLOOD DEPTH 
SUPERSTORM  SANDY 10/29/12, 9:10 PM ET 
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Seaport City 
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Seaport City 
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Seaport City 
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Seaport City 
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Seaport City 
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Seaport City 
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HUD Rebuild by Design 
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BIG U – Manhattan    

Swing Gates 

Elevated Landscapes Critical Facilities 
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KWS (NL) Benelux Flood Defence System 

Short Term Perspective – Hudson River 

Short Term Solutions, 1 to 5 years 
 Improve Landscaping and Flood 

Wall Solutions  
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KWS (NL) Benelux Flood Defence System 

Mid Term Perspective – FDR Drive 

Mid Term Solutions, 5 to 15 years 
 Elevated Bike Lane and Ecological 

Waterfronts 



KWS (NL) Benelux Flood Defence System 

Long Term Perspective – West Street 

 Move and Bury West Street 
 Develop Land Fill 
 Use Ecological Potential 



© 2011 ARCADIS 17 October 2014 47 of 22 

NYC Health and Hospitals Corporation  
 
 

Coler Hospital – Roosevelt Island 

Bellevue Hospital 

Metropolitan Hospital 

Coney Island Hospital 
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NYC Health and Hospitals Corporation  
 
 

Coler Hospital – Roosevelt Island 

Bellevue Hospital 

Metropolitan Hospital 

Coney Island Hospital 
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Coler Specialty Hospital and Nursing Facility  
- Roosevelt Island 
  



© 2011 ARCADIS 17 October 2014 50 of 22 50 

Coler Specialty Hospital and Nursing Facility  
- Flood Mitigation Concept B    

  
Berm 
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Coler Specialty Hospital and Nursing Facility  
- Preferred Long Term Resiliency Strategy   
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Flood Protection: multifunctional urban levees 
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Water storage in parking facilities 



  

Water 
Plazas 
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URBAN FLOODPLAIN 
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RESILIENT BRIDGEPORT 

CLAIM THE EDGE, CONNECT THE CENTER 



Soft lines 

Hard lines 

Economic lines Resilience Centers 

Soft lines 
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 Salt-water intrusion 

 Water quality impacts for drinking 
water wells 

Revisiting 
effects for 

water 
agencies 
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1. Pump (intercept) brackish water 
(‘Fresh keeper’) 

 

What can be done about groundwater 
salinization? 
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One solution: 3 phase approach 

1. Pump (intercept) brackish water 
(‘Fresh keeper’) 

 

2. Use brackish water as additional 
drinking water source (BWRO) 
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One solution: 3 phase approach 

1. Pump (intercept) brackish water 
(‘Fresh keeper’) 

 

2. Use brackish water as additional 
drinking water source (BWRO) 

 

3. Dispose BWRO concentrate 
through deep well injection 

 

 

 



© 2011 ARCADIS 17 October 2014 63 of 22 

Freshkeeper Projects in Florida 
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 Resiliency has the attention of the 
federal government with a focus 
on large urban areas 

 Urban planning for flood 
protection is taking on a new 
dimension 

 Water agencies need to be a part 
of the dialogue – water is a major 
part of economy driven 
development 

 Vulnerable assets in flood plains 
need to be evident to stakeholder 
groups during dialogue 

 Groundwater resources need 
innovative solutions for protection 

Take 
Away 

Messages 
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Doug.Owen@arcadis-us.com 

Photo: Ingrid Taylor 


