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 The Hudson River National Estuarine Research Reserve, with the 
involvement of many partners, launched the Sustainable Shorelines 

Project in 2008 to provide science-based information 
about the engineering, economic, and ecological 
tradeoffs among shoreline management options, given likely 

future conditions. New work is focusing on how aspects of 
structures that can be manipulated, such as the roughness of the 
substrate used, and the vegetative cover, to increase ecological 

benefits. The project will also increase our understanding of how 
physical forces are reshaping shorelines, develop innovative 

shoreline demonstration sites, and integrate project results into 
a decision support tool. 



Overarching objectives 

1. Characterize present and future estuary and 
shoreline conditions 

2. Determine ecological, engineering, and 
economic trade-offs of shoreline management 
options 

3. Characterize shoreline decision-making arenas 
and opportunities 

4. Demonstrate innovative shorelines and best 
management practices 

5. Create shoreline decision tools and 
communicate results 

 



Hudson River Estuary Tidal Wetlands 



Some of the tasks to date: 

• Review of legal instruments for shore zone 
protection (Pace University) 

• Models of storm surges following sea level rise 
(Jery Stedinger, Cornell) 

• Terminology defined (Emilie Hauser, 
HRNERR/DEC) 



“Sustainable Shorelines” 

Shoreline management practices that seek to protect the shore zone’s 

wildlife habitat, ecological benefits, outdoor recreation, community quality 

of life, and water-dependent businesses for future generations.  

 

Should be: adaptable & ecologically enhanced 

Includes: “soft” and “hard” 
 



“Shore Zone” 

The “region closely adjoining the shoreline in which strong and 
direct interactions tightly link the terrestrial ecosystem to the 

aquatic ecosystem, and vice versa.” (Strayer and Findlay 2010); 



Some of the tasks to date: 

• Review of legal instruments for shore zone 
protection (Pace University) 

• Models of storm surges following sea level rise 
(Jery Stedinger, Cornell) 

• Terminology defined (Emilie Hauser, 
HRNERR/DEC) 

• Shores surveyed from Troy to Tappan Zee (Dan 
Miller, HRNERR, NYSDEC) 



Hudson River Tidal Shorelines 
• Over 300 miles: 

– Natural 47% 

– Riprap 30% 

– Bulkhead, cribbing 11% 

– Remnant engineered 12% 

 



Some of the tasks to date: 

• Review of legal instruments for shore zone 
protection (Pace University) 

• Models of storm surges following sea level rise 
(Jery Stedinger, Cornell) 

• Terminology defined (Emilie Hauser, 
HRNERR/DEC) 

• Shores surveyed from Troy to Tappan Zee (Dan 
Miller, HRNERR, NYSDEC) 

• Review of shore zone ecology (Cary) 
• Ecological field studies (Cary) 



Summary of ecological findings 

• Ecological characteristics/functions vary widely 
across Hudson River shore zones 

– different functions do not vary in parallel 

• Some of this variation is explained by shore type 

– engineered shores tend to have poorer ecological 
function than “natural” shores  

• Some of this variation is explained by physical 
characteristics of the shore zone 

• Much of this variation is unexplained 

 



www.hrnerr.org/hudson-river-sustainable-

shorelines/publications-resources/ 



Some of the tasks to date: 

• Review of legal instruments for shore zone protection 
(Pace University) 

• Models of storm surges following sea level rise (Jery 
Stedinger, Cornell) 

• Terminology defined (Emilie Hauser, HRNERR/DEC) 

• Shores surveyed from Troy to Tappan Zee (Dan Miller, 
HRNERR, NYSDEC) 

• Review of shore zone ecology (Cary) 

• Ecological field studies (Cary) 

• Analysis of Case Studies (HRNERR) 



Case Studies 

• Facts, figures & parties involved 
• How it started 
• Ecology & engineering specifics 
• Lessons learned 

Incentive for companies & 
organizations to have 
their work highlighted! 



Case Studies 



Coxsackie Boat Launch – Coxsackie, NY 
Harlem River Park – New York, NY 
 
Hunts Point Landing – New York, NY 
Habirshaw Park and Tidal Marsh- Yonkers, NY 
Esopus Meadows Preserve- Esopus, NY  
 
Foundry Dock Park- Cold Spring, NY –
 COMING SOON, JUNE 2013 

Current Case Studies 
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Some of the tasks to date: 

• Review of legal instruments for shore zone protection 
(Pace University) 

• Models of storm surges following sea level rise (Jery 
Stedinger, Cornell) 

• Terminology defined (Emilie Hauser, HRNERR/DEC) 
• Shores surveyed from Troy to Tappan Zee (Dan Miller, 

HRNERR, NYSDEC) 
• Review of shore zone ecology (Cary) 
• Ecological field studies (Cary) 
• Analysis of Case Studies (HRNERR) 
• Engineering Analyses (Stevens) 



A Literature Review of Existing Methods for Limiting 
Erosion along Sheltered Shorelines 

 29 Techniques Identified 
 

Traditional Approaches 
• Bulkheads 
• Gabions 
• Groins 
• Revetments 
 

Hybrid Approaches 
• Sills 
• Live Crib Wall 
• Joint Planting 
• Biowalls 
 

Natural Approaches 
• Living breakwaters 
• Coconut Fiber Rolls 
 



Finished Product 



Finished Product 



A Comparative Cost Analysis 

• 9  Stabilization Approaches 
– Wood and Steel Bulkheads 

– Crib Walls 

– Live Crib Walls 

– Revetments 

– Rip-Rap 

– Joint Planting 

– Bio Wall 

– Sill  

– Vegetative Geogrid  

• 3 sites 
– Poughkeepsie,  

– Henry Hudson Park (Albany),  

– Bowline Point Park (Haverstraw) 

• 2 Sea Level Rise Scenarios 
– Current Rate (2.77mm/yr),  

– Rapid Ice Melt (48” by 2080) 

 

 



Cost analysis includes: 

• Initial Costs (IC) 

– Material and labor costs to construct the stabilization measure 

• Maintenance and Repair Costs (M&R) 

– Costs associated with routine maintenance and repairs (i.e. not 

associated with any given storm) 

• Damage Costs (DC) 

– Costs associated with restoring a structure to its original function after a 

specific storm causes damage 

• Replacement Costs (RC) 

– Costs of replacing a structure once it reaches the end of its serviceable 

life.  (Typically associated with material decay/degredation) 



• Several alternatives 
exist at each site for 
which the costs are 
relatively similar. 

 

• Alternative 
solutions can be 
cost competitive 
with traditional 
approaches 

 
(Consistent with 
NOAA’s “Weighing 
Your Options” report.)  

Finished Product 



Urban Solutions  
Green/Bio Walls: a collection of 
approaches, which attempt to soften a 
traditionally hard edge through the 
introduction of ecologically friendly 
modifications.  

 

Walls or barriers that have been 
enhanced in any way to encourage 
habitat development.  

 

Example Projects 

Designing The Edge 

Cuyahoga 

Alternative Concrete Solutions 

 

 



NYC Dept. of Parks and Recreation Designing the Edge 

Objectives: 
 

• Improve ecological value of urban 

shore 

• Modify the waterfront edge to enhance  

       safe access to the water by the public 

• Increase compatibility with recreational 

users  

http://www.hrnerr.org/files/2012/07/HarlemRiverPark_CaseStudy.pdf 



Physical Model Testing  
 

Took Place at Stevens Institute  
of Technology, Davidson Lab 
 
Tested the effect the wall had on; 

• % Current Reduction 
• Wake Dissipation  
 



Finished Product 
• Removal of  the vertical bulkhead  

• Creation of  a sloped, reveted shoreline 

• Creation of  a large tidal pool 



Cuyahoga River Green Bulkhead Project 
 • One of the most heavily polluted waterways in the U.S.  

 

• Heavily utilized industrial shipping channel 
 

• Unhealthy environment for its natural marine inhabitants.   
 

– high degree of pollutant contamination 
– left native fish with a lack of food, shelter, and oxygen.  

 
 
 



Option 1 – CHUBS (Cuyahoga Habitat Underwater Baskets) 
system uses plant pillows which sit in baskets that hang by chains at various heights, 

nestled within the wall's corrugations 

 

 

 

      Option 2 - Pocket Habitat                                Option 3 – Tiered Wall 
CHUBS are planted in locations with damage        An sheltered area is created and only 

or corrosion but have sound lower portions.         a portion of a bulkhead is replaced. 



Instead of replacing the existing bulkheads at a high cost (up to $100 
million), the decision was made to pursue an alternative approach 
that would:  

• Continue to accommodate commercial freight movement 

• Protect Land areas 

• Promote restoration of natural river functions along the edge 

 

Finished Product 



Alternative Concrete Solutions 

• Durable material that is frequently used  

     to construct marine structures  
 

• Poor material for biological recruitment 
 

• Can be altered physically and chemically  
• Decrease the ph of the concrete 

• Texturize the surface 

 

Current research efforts for developing 
concrete into an urban living shoreline 

• SeArc 

• Andrew Rella 
 



Concrete infrastructures can be altered in three levels:  
• concrete composition 
• surface texture 
• macro-design 
 
Concrete with an elevated ability to provide valuable ecosystem services such as  
• nursing grounds 
• hubs for filter feeding organisms 
• shallow water habitats.  
 
Such ecological advancements will increase the operational life span and stability of marine 
infrastructures by encouraging biogenic build-up that protects them from damages 
associated with aggressive marine environments. 

Information and slide courtesy: SeArc – Ecological Consultants 



Andrew Rella: Dissertation Research 
 Development of oyster reefs around new/degrading pile encasements in 

order to prevent erosion of the concrete.   

 



Physical Forces Characterization 

Characterization of the physical environments of 
the Hudson River 

• Wakes 

• Ice 

• Water Levels 

• Currents 

• Stresses  

• Surface wind waves  



Wakes Analysis 
• Wakes were observed at a 

final number of 32 sites over 
the course of 4 days 

• Analytical approach will be 
utilized to supplement data 
 

http://www.hrnerr.org/hudson-river-sustainable-shorelines/shorelines-engineering/ 



Ice Reports 
Ice climatology developed based on Coast Guard reports 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1) The 16 ice regions of the tidal Hudson. 2) % of ice season days (December-March) with ice present, by region. 3) Prevalent Ice Type when 
ice present. 4) Median Ice covered area; % of each region, median of all days with ice reported. 5) Median ice thickness; inches of ice by 
region, median of all days with ice reported. 6) 95th percentile of ice thickness; inches of ice by region, 95% of all days with ice reported had 
ice thinner than this value. (http://www.hrnerr.org/hudson-river-sustainable-shorelines/shorelines-engineering/ice-conditions/) 

 



Currents 
Ultra high resolution version of NYHOPS developed  

for understanding wave & current  variability 

http://www.hrnerr.org/hudson-river-sustainable-shorelines/shorelines-engineering/physical-forces-statistics/ 





Some of the tasks to date: 

• Review of legal instruments for shore zone protection (Pace 
University) 

• Models of storm surges following sea level rise (Jery 
Stedinger, Cornell) 

• Terminology defined (Emilie Hauser, HRNERR/DEC) 
• Shores surveyed from Troy to Tappan Zee (Dan Miller, 

HRNERR, NYSDEC) 
• Review of shore zone ecology (Cary) 
• Ecological field studies (Cary) 
• Analysis of Case Studies (HRNERR) 
• Engineering Analyses (Stevens) 
• Outreach & Tool Development (All) 



Outreach 

• Reach out to various user communities to 

encourage use of these recommendations 

– Experts and consultants 

– Government regulators 

– Policy and law makers 

– Municipal officials 

– Property owners 

– Advocates 

• Today! 

 



 

Partners & Advisors 



Questions?        For More Info      

Jon Miller 
Davidson Laboratory 
Stevens Institute of Technology 
711 Hudson Street, Hoboken, NJ 
jmiller@stevens.edu Ph:201-216-8591 
 
Andrew Rella 
Davidson Laboratory 
Stevens Institute of Technology 
711 Hudson Street, Hoboken, NJ 
andrewjamesrella@gmail.com Ph: 917-415-3182 
 
Visit: 
http://www.hrnerr.org/hudson-river-sustainable-
shorelines/ 
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