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The New Orleans Hurricane Protection System: What Went Wrong and 
Why-- 10 Lessons Learned from Katrina by the ASCE Hurricane Katrina 

External Review Panel and the USACE Interagency Performance Evaluation 
Task Force 

 1. Failure to think globally and act locally-We must account 
for climate change 

2. Failure to absorb new knowledge 
3. Failure to understand, manage, and communicate risk-

Need to take rigorous risk based approach,  
4. Failure to build quality in 
5. Failure to build in resilience 
6. Failure to provide redundancy  
7. Failure to see that the sum of many parts does not equal 

a system 
8. The buck couldn’t find a place to stop--Poor  
 organization, lack of accountability 
1. Beware of interfaces: materials and jurisdiction 
2. Follow the money-People responsible for design and 

construction had no control of the monies. 

Hurricane Sandy aftermath NYC and 

NJ Coast, October 2012 



Trust, Legitimacy and Relevance of 
Science 

• Building trust can be 
accomplished by developing 
partnerships within local 
governments and 
stakeholders  

• Participation and familiarity 
in the process will facilitate a 
deeper trust in science 
products.   

 



• The environmental and water quality 
benefits of LID are well established,  

• There are considerable economic, 
infrastructure, and adaptation 
planning benefits that are NOT WELL 
KNOWN from using LID-based 
strategies.  

Benefits of LID and Green 
Infrastructure 





Regulatory Drivers 
• Consent decrees and Long term control plans for CSO 

separation 

• NPDES MS4 Phase I and Phase II has been largely an 
issue of due diligence with respect to SWMP 

• TMDLs are based on WQ standards—due diligence 
does not matter 

• 80% TSS Removal will not meet “no net increase 
standard” 

• GI and LID will be needed to meet TMDL requirements 



In the News….. 

What is difference between these outcomes? 

Negotiated plans using Green Infrastructure to 

reduce reliance on Gray Infrastructure 



Green Infrastructure and 
Low Impact Development 

Modeling designs after natural systems 

High Performance Green 
Infrastructure 

GI Real-time controls and smart systems to 
optimize performance 



Low Impact Development 





High Performance Green Infrastructure: 
Advanced Rainwater Harvesting 
and Harvesting System Retrofits 

Simplest Definition: Drain storage in advance of predicted rainfall or other trigger 



High Performance Green Infrastructure:  
Smart Detention/Retention/Flood Control 

Retrofits 



Triple Bottom Line Analyses 

 



Integrated Watershed Planning 

 



How do we plan 
for this? 



Identifying Areas for Management 



Not All Costs are Equal 

When implementing stormwater 
improvements, it is important to consider: 

  who pays, how, and when. 

1. Existing municipal programs and long-term 
bonds 

2. Stormwater Utilities—fees upon amount of 
SW generated 

3. Developer, Owner, Consumer 

 

 



Economic Case Studies 
 



Boulder Hills, Pelham, NH 

 2009 Installation of 1300’ of first PA private 
residential road in Northeast 

 Site will be nearly Zero discharge 

 LID subdivision 55+ Active Adult Community 

 Large sand deposit 

 Cost 25% greater per ton installed 

 



Conventional Site 

Design 

LID Design 

Avoided use of 1616’ of 
curbing,  785’ pipe, 8 
catch-basins, 2 detention 
basins, 2 outlet control 
structures 

 

Built on 9% grade 

1.3 acres less of 
land clearing 
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Comparison of Unit Costs 

6% savings on total cost of SW infrastructure for a ~zero discharge site 



Greenland Meadows 
Commercial,  

Greenland, NH 

• “Gold-Star” Commercial  

     Development 

• Cost of doing business  

     near Impaired 
Waters/303D 

• Brownfields site, ideal 
location, 15yrs 

• Proposed site >10,000 
Average Daily Traffic count 
on >30 acres 

 



Comparison of Unit Costs 

26% savings on total cost of SW infrastructure for a ~zero discharge site 



Portland, OR 
Tabor to the River:  

Brooklyn Creek Project 

• Program sought to rectify CSO, street and 
basement flooding 

• The original cost estimate using gray 
infrastructure was $144 million (2009 
dollars).  

• Gray-Green design including a total of 
$11 million allocated for green solutions, 
the cost estimate for this integrated 
approach was $81 million, a savings of 
$63 million for the city 
 





New York City, New York 

Taking it to the next level…..jobs and added value 

 



O&M Costs 
CSO    

Control 
Scenarios  

• GI will provided 

a 22% reduction 

in LTCP capital 

cost 

• Funds for labor, 

supplies, and 

equipment 

• Replacing 

energy 

demands of 

grey 

infrastructure 

O&M burden shifts to people in 

replace of heavy energy 

demand 



Economic Conclusions 
• Green Infrastructure is being embraced nationally due to reduced demand 

on gray infrastructure 

• GI has value for social and economic in addition to environmental 

• LID may add expense on a per item basis 

• Project cost reductions were observed from 6% in residential developments 
to as high as 26% in commercial projects.  

• Municipal use of GI reported cost reductions of 21% to as high as 44%.  

• Benefits extend to municipal, private, and commercial entities  

• Transfer of monies from infrastructure to jobs associated with the 
maintenance activities.  

• From a sustainability perspective, a range of benefits includes reductions in 
flood damage and increased resiliency of drainage infrastructure;  

• Reductions of 33 to 50% in energy demands for heating and cooling.  

• A 50% reduction in time to sale, and increased property values of 12-16%.  

• Other benefits were incentives in the form of rebates, cost-sharing, and tax 
credits. IE. Impervious cover charge 
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Land Use, Low Impact Development, and  

Community Resiliency 

Mill Pond Rd after dam failure at Nottingham Lake, 4/18/2007 



Increase in Precipitation 

Changing Trends 

(Source, NOAA Climatic Data Center) 
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http://www.nrcc.cornell.edu/


Increasing Impervious Surfaces 

(Source, USGS, Reston, VA, 2007 ) 



Costs from Presidentially Declared Disasters in NH 

We can decide not to 
prepare, but we are then 

choosing to increase our risk 
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Climate and Land Use Impacts on the 

100-Yr Floodplain 

Stream 

Channel 



Hydraulics Model – Calibration & Results  –  RT108 

FIS 100 yr flood:  32.3’ (NAVD88) 

April  2007:  modeled=33.5’   observed = 33.4’ 

Current 100 yr flood (2005 land use; 8.5” ppt): 35.2’ 

ft 

• 45% increase in the 100-year flood flow at USGS gage:  

  7,300 cfs (FIS; 6.3”) to 10,649 cfs (NRCC 8.5”) 

• An increase in base flood elevations by an average of 1.9 ft 

along the 36 mile study reach (FIS compared to 2005) 



Newmarket, NH Moonlight Brook 
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average annualized losses (AAL)= the summation of 

damages for each individual event multiplied by the 

probability of occurrence 



Resiliency Conclusions 

• LID is effective at reducing 

– Peak flows for large, infrequent events 

– Flood elevations 

– Greatest benefit is high impervious cover 

• Relative reduction effects are more noticeable 
for more frequent storms – in some parts of 
the country 

• A good measure of LID benefits for floodplain 
management is the avoided average annual 
losses due to flood damage 



2012 Provincetown, MA 
 Commercial Street Reconstruction  
• 3000 feet of porous roadway 

• Widespread infiltration will help 
address flooding, stormwater and 
beach impairments which occur 
from the discharge of untreated 
runoff from many outfalls.  

• Manage runoff from Commercial 
Street, and rooftop runoff 

• Evaluated the structural load 
capacity, suitability of the native 
soils, hydraulic loading upon the 
groundwater table  

 



2012 Cottages at Capstone, 
Durham, NH 

• 600+ Bed Student Housing 
complex 

• Located in drinking water 
supply area 

• Watershed impaired for 
Nitrogen 

• Included gravel wetlands, 
porous pavements 



2011 Philadelphia 
Green City, Clean Waters Program 

LTCP--$2 billion over 25 years to become the 
greenest city in country---cleaner water for our 
citizens, cleaner air, a higher quality of life and 
meaningful jobs for future generations 



Philly GI Programs 
 • Green Streets  - public right-of-ways using tree trenches, planters, bump-outs, and 

pervious pavements. 

• Green Schools --Schools are important neighborhood anchors and therefore offer 
excellent opportunities to educate the local community  

• Green Public Facilities-- Allows public facilities to lead by example. 

• Green Parking-- Retrofit and redesign of existing parking lots presents an 
opportunity to reduce stormwater runoff while also improving the visual 
appearance within communities. 

• Green Parks- Enhances the visual appearance and the amenities at parks, in 
addition to managing stormwater runoff, and implement highly visible 
demonstration projects. 

• Green Industry, Business, Commerce, and Institutions-- Regulations for 
development and redevelopment and the parcel-based billing for stormwater 
management services provide incentives for private entities to install green 
stormwater infrastructure. 

• Green Alleys, Driveways, and Walkways– Infiltration retrofit of underutilized areas 

• Green Homes--- Work with homeowners to help them undertake projects to 
mitigate the impact of roof runoff.  

 



2011  Berry Brook Urban 
Watershed Renewal, Dover, NH 

• Impervious Cover Reduction 
through the targeted 
implementation of Low Impact 
Development 

• Stream and Wetland Restoration, 
and Base Flow Augmentation,  

• Community Engagement and 
Public Participation. 



2010 State Street Reconstruction 
Portsmouth, NH 

• Award-winning CSO 
separation with GI in historic 
downtown  

• Included tree filters, 
bioretention systems, and 
subsurface detention and 
filtration.  



2009 Long Creek Watershed 
S. Portland, ME 

• Surface Transportation 
ARRA Project  

• First DOT PA road in the 
northeast-Sept 09 

• 1500 feet of 6 Lane 
Highway Reconstruction  

• 20,000 vehicles per day 

• 2% cost differential in 
comparison with std build 
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