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Fluvial Natural and Nature-Based Features

Presenter Notes
Presentation Notes
Leads that developed EWN NNBF international guidelines-AgendaDefine EWN-NNBFDescribe Applications and BenefitsDiscuss Case StudiesQuestions



Engineering With Nature®

…the intentional alignment of natural and engineering processes 

to efficiently and sustainably deliver economic, environmental and 

social benefits through collaboration.  

Key Elements:

 Science and engineering that 
produces operational efficiencies 

 Using natural process to maximum 
benefit

 Broaden and extend the benefits
provided by projects

 Science-based collaborative
processes to organize and focus 
interests, stakeholders, and partners

www.engineeringwithnature.org
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Presenter Notes
Presentation Notes
Engineering With Nature initiative started within USACE Civil Works program in 2010.  Over that period we have:Engaged across USACE Districts (23), Divisions, HQ; other agencies, NGOs, academia, private sector, international collaboratorsWorkshops (>20), dialogue sessions, project development teams, etc.Implementing strategic planFocused research projects on EWNField demonstration projectsCommunication planDistrict EWN Proving Grounds establishedAwards2013 Chief of Engineers Environmental Award in Natural Resources Conservation2014 USACE National Award-Green Innovation



EWN® Across USACE Mission Space

• Navigation
• Strategic placement of dredged material 

supporting habitat development
• Habitat integrated into structures
• Enhanced Natural Recovery  

• Flood Risk Management
• Natural and Nature-Based Features to 

support FRM
• Levee setbacks 

• Ecosystem Restoration
• Ecosystem services supporting       

engineering function
• “Natural” development of designed        

features 

• Water Operations
• Shoreline stabilization using native plants
• Environmental flows and connectivity 

Presenter Notes
Presentation Notes
Inland Fluvial SettingWide range of water resource issues.How can we enhance existing projects-learn from those original designs?How can we enhance new designs to incorporate EWN principles?



Elements

EWN Elements

D
e

g
re

e

Presenter Notes
Presentation Notes
Depending on scale and application of practice each of the elements may having differing importance to the project success.EWN Elements:  1) Science & Engineering, 2) Natural Processes, 3) Other benefits-Social/Environmental/economic, 4) Collaborative ProcessThese elements and applications vary by project depending on many factors.



Impacts of Human 
Activity on the 
Landscape 

• Cleared the Timber

• Plowed the Prairie

• Drained the Wetlands

• Straightened the Streams

• Leveed and Constricted the Floodplains

• Built Cities with Large Areas of Concrete, 
Asphalt and Rooftops



A Systems View of Solutions

Presenter Notes
Presentation Notes
System Approach to solutions.Scale of issues need to be identified



NNBF Engineering Performance

Presenter Notes
Presentation Notes
Some examples of NNBF and the engineering goals and objectives they are being designed to address-Scale at various levels, watershed, local, large river, -approach should be system-wide applications when applicable?
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Presenter Notes
Presentation Notes
EWN provides an approach for integrating nature and natural conditions with that of the harder engineering methods.This slide presents EWN fluvial stabilization techniques on a bell curve continuum.EWN has a variety of Natural and Nature Based Features that can be used in a variety of settings.For example:  the bell curve illustrates the Natural (low engineering) perspective on the left of the curve migrating toward the harder engineering perspective on the right.In between the two sides of the curve is where the majority of projects will fall-typically leaning one way or another.Left: photo of natural willow stand stabilizing a streambank where the channel has access to an active floodplain at frequent discharges-providing low shear stress values on the channel marginsMiddle-left: photo illustrates Loose Rock Riffle Grade control structures (Lincoln, NE) where an incised channel did not provide to an active floodplain at frequent discharges-so there were high shear stress values and more erosion.Lower-right: photo illustrates hard engineering structure, no fish passage, no vegetation, ugly in landscape, may provide access to floodplain upstream depending on design.Upper Right: photo illustrates Hard engineering locking the channel in place…..not a natural approach but is needed in locations where no channel changes are acceptable  



EWN and Natural Materials

www.engineeringwithnature.org

Presenter Notes
Presentation Notes
Differing environments with differing toolbox  - describe materialsEWN strives to use natural materials and effectively design projects that incorporate them to increaseresiliency and ecological benefits

http://www.engineeringwithnature.org/
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EWN to Restore Natural Processes

Presenter Notes
Presentation Notes
Channel Stabilization measures - Sediment reduction & Naturalizing Channel StabilizationLeft photos: eroding bankline stabilized with floodplain reconnections, LPSTP, stream barbs, vegetationRight photos: Minimul toe protection with mid and upper revegetation 



Rootwads

Rootwads + LPSTP

LPSTP + 

Bio-engineering

EWN to Restore Natural Processes



EWN to Restore 

Natural Processes

Presenter Notes
Presentation Notes
Degrading channels common everywhere (5 to10 meters common), Causes issues with FRM projects downstream and infrastructure (road bridges, culverts)Lower right - EWN develop and use new technologies to identify watershed degradational conditions



EWN to Restore 
Natural Processes

Presenter Notes
Presentation Notes
Rebuilding floodplain connections- Construction of Loose Rock Riffle Grade Control Structures and other similar structures- Beaver Dam Analogies (small streams), UK-Leaky dams- Channel grade control to establish floodplains
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EWN to Restore Natural Processes

Presenter Notes
Presentation Notes
Restore/enhance floodplains connections and Riparan Cooridors~ 40 sq mile watershedFloodplain was cut on both sides (unevenly to provide floodplain diversity)Benefits are listed



EWN to 

Restore 

Natural 

Processes

Presenter Notes
Presentation Notes
Re-directive bank stabilization measuresCombined with floodplain revegetation
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EWN to Restore 

Natural Processes

Presenter Notes
Presentation Notes
Investigate areas that are naturally stable – Areas typically have Floodplain Connections and better Ecological Functions-   Willow stands with specific conditions stabilize streambanksFrequent flood event access to floodplainsSpecific Vegetation requirements, removal of invasive species, multi-vegetation areas



Existing Condition 

Construction 

Constructed 

Project
EWN FY21 End 

of Year IPR
Reservoir 

Sedimentation and 

Sustainability 

(ERT 21-12) 

2017 NRL Moutardier

Point Bank Stabilization 

Project

Post Project Stabilization

EWN to Restore Natural Processes

Presenter Notes
Presentation Notes
Reservoir shoreline erosion and stabilization-USACE has large portfolio of recreational facilitiesExisting conditions-no protection from wave action-high erosion and sedimentation ratesConstruction-Completed from barge with riprap placementConstructed project-provides wave protection and habitatPost-project stabilization-continuing to monitor, trees and others vegetative species could be supplemented in an updated design.



EWN FY22 
Reservoir 

Sedimentation and 

Sustainability 

(ERT 21-12) 

New Bank Stabilization 

Application Projects at 

Nolin River Lake, KT

Construction with new materials 

Additional Sites

Vegetation management and new 

materials 

Additional Sites

Vegetation from Management areas to 

stabilize shorelines

Presenter Notes
Presentation Notes
Nolan River Lake, KTMore test sites to complete and monitor. Using mix of reef balls, riprap, vegetation (both live and repurposed-woody structures)Vegetation management areas (removal of red cedar trees) within lake margins can be used as supply of NNBF for stabilizationVeg Management materials, locally sourced-possibly wetland plantings, cheaper to use (hauling, labor onsite in some cases)Provide more resilient materials-projects, less cost sourcing local materials



• Wetland & Erosion 
Control

• Bottomless Culvert

Presenter Notes
Presentation Notes
Santa Clara Pueblo-NM Wildfire Recovery EffortsRestore and Enhance Biological HabitatTraditional Ecological Knowledge (TEK)Channel & Bank Stabilization, floodplain mulching and plantings (TEK plant species)Side channel ponds and floodplain reconnections (water recharge areas)



• Wood structures

• Rock onsite

• Combination 

Presenter Notes
Presentation Notes
NNBF type structuresAre being monitored for effectiveness including TEK ApplicationsRecommended modifications-do not plant willows in center of channel, when possible provide structure tie-backs into the bank, look at more grade control type structures with steep channel slopes, others



Floodplain Reconnection - Boulder Creek Project

Presenter Notes
Presentation Notes
USACE-Reconnection of floodplain (approximately a mile of channel was restored on Boulder Creek, CO)Natural Designs enhanced to provide reduce sediment erosion source, floodplain storage, ecological habitat (woody species) floodplain plantings, FRM projects downstream in Boulder 



Boulder Creek Project



TNC-USFWS Restoration Project 
Black Walnut Creek-Trib to Rock River, Ogle County, IL
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Presenter Notes
Presentation Notes
Rootwad Structures  (Partnership between USACE/Nature Conservacy/USFWS�- Stabilize the Bank to reduce sediment delivery downstream�- Creates Habitat complexity for aquatic species, others�- Dissipates Energy-hydraulic diversity�- Assist in re-establishment of vegetation on bank�- Eventually decompose allowing the restored riparian zone to function naturally�- Aesthetically Attractive



Missouri River Levee Setback
Omaha District

Producing Efficiencies

Using Natural Processes

Setback leverages decreased hydrologic loading, 

decreased flood velocities, and reduced 

erosion/scour. 

Improved ecosystem sustainability; improved hazard 

mitigation; increased recreational, cultural and 

educational opportunities.

Broadening Benefits

Promoting Collaboration

NWO collaboration with USGS, USFWS, 

Idaho Dept. of Natural Resources, NGOs, 

and stakeholders.

Setback reduces frequency of maintenance and 

repair of levees; reduced navigational 

maintenance; reduction in associated O&M and 

RR&R costs.  

R&D: Opportunities to quantify ecological, engineering, 

and societal benefits; increase USACE's capacity to 

provide effective programs for NSA applications; and 

data/lessons learned will advance guidance and policy 

that supports future levee setback projects.

Presenter Notes
Presentation Notes
EXISTING CONDITIONS The current alignment of the Missouri River Levee System is based primarily on design concepts developed in the 1940s and early 1950s. Like most levee systems of that era, the overriding design goal included maximizing the size of the protected area behind the levee. Alignments for the levees were guided by available and affordable real-estate, minimizing levee lengths, and building onto existing locally-constructed levees to minimize project footprints. USACE as providing primary operational management of the Missouri River and is therefore responsible under the Endangered Species Act to take action within its authorities to conserve listed species impacted by the operation of the Missouri River (USFWS, 2000 and 2003). The BiOp provided the USACE with a Reasonable and Prudent Alternative that, if accomplished, would likely avoid jeopardizing three listed species (pallid sturgeon, least tern, and piping plover).The existing alignment of the Missouri River levee system is recognized to have breach/foundation distress from underseepage and boil activity concerns as a result of hydrologic conditions and flow constrictions. The repetitive cycle of repairing levees in-place after each major flood event has resulted in increased O&M and RR&R costs, increased flood risk, and a general concern over the effective level of protection. Following the 2011 Missouri River flood event, the levee sponsors for L-575 were given the option to pursue a nonstructural alternative (NSA) under the USACE PL84-99 program. One NSA option is the basic idea of a levee setbacks, which relocate a segment of the levee from its current alignment near the banks of the river to a location farther away from the banks. The L-575 levee sponsors decided to complete a levee setback for the middle reach due to integrity concerns. The project provides benefits based on decreased hydrologic loading, decreased flood velocities, and  reduced erosion and scour. Incorporating best management practices includes new levee placement on more suitable geotechnical foundations and increased levels of protection. The economics benefits provided by a levee setback alternative are directly related to hydrologic and geotechnical conditions that exist for a setback levee alternative.A levee setback alignment takes advantage of better geotechnical conditions, opening up habitat potential, and an increase in flood conveyance. Increased conveyance decreases water surface elevations, subsequent pressure on levees, and thereby increases the level of protection and resiliency provided by the system. Decreased water surface elevations may lead to a slight decrease in operations and maintenance (O&M) and repair, rehabilitation and replacement (R,R&R) activities.Increasing Ecosystem Services while enhancing engineering designs is a main goal of EWN.  Some of the Ecosystem Services realized for the levee setback practices are ecosystem sustainability, hazard mitigation, reduced navigation maintenance, increased recreational opportunities, aesthetics, cultural, spiritual and educational opportunities, climate regulation and others. In closing: The repetitive cycle of repairing levees in-place after each major flood event has resulted in increased O&M and RR&R costs, increased flood risk, and a general concern over the effective level of protection.  By combining Federal and State agencies and their programs natural ecological benefits can be attained through conservation easement programs. 



Producing Efficiencies

Using Natural Processes

Working with natural processes using local materials to 

stabilize the watershed and stream channels; reduced 

time and cost of importing materials, ecological and 

aesthetics benefits.  

Uses local material in system vs. introducing riprap; 

placement of materials in situ with native vegetation to 

re-establish natural channel tendencies.  

New options to place existing materials; habitat 

created; restoration of channel and reduction of 

sediment delivered to channels and reservoirs. 

Broadening Benefits

Promoting Collaboration

Partnering with Santa Clara Pueblo, USGS, USFS, 

BIA, NMDOT, and NRCS

R&D: Implement, study and long-term performance of NNBF; Offers 

opportunities to determine appropriate performance metrics aligned 

with ecosystem and engineering services. 

USACE Albuquerque District: 

Santa Clara Pueblo Watershed EWN

Structures

Funded by DOTS REQUEST

Sediment supply

Presenter Notes
Presentation Notes
Las Conchas Fire (June 2011) Santa Clara Pueblo is located in northern New Mexico and extends from the top of the eastern Jemez Mountains to the flood plains of the Rio Grande  (156,000 acres burned making it the largest wildfire in NM history) The 19-mile long canyon downstream is Espanola and Rio Grande, Experienced 400% increase in post-wildfire runoff ratesTremendous amount of sediment and flow from runoff eventsNatural channel designs mixed with FRM projectsSystem approach: if you do not address upstream watershed issues-will not be able to effectively treat downstream FRM



EWN Projects Puerto Rico
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Presenter Notes
Presentation Notes
2-projects I have had limited envolvement- Rio Puerto Nuevo (San Juan Puerto Rico) Contract 6 Channelization Project- Santiago River-Arecibo FRM ProjectVery difficult sites with mix of FRM and EWN principlesInvestigating modified structures to provide more natural approach- Structure geometry (curve radius, angle of sides, width, depth)Spacing, materials-construction (stone? Stone size? Grouted?, launchable stone? concrete?)- Considerations for maintenance issues



Building progress

• Expand the “vision” to diversify project 
benefits

• Increase collaboration and cross-sector 
partnerships

• Commit to innovation

• Pursue realistic and affordable projects

• Document the value created

• Coordinate communication across 
partnering organizations for maximum 
impact

Presenter Notes
Presentation Notes
Working within USACE and Federal Agencies to develop/expand EWN principlesWorking with NGO’s and local and State partners to expand principlesCommitted to increasing and documenting multiple benefit projects that provide a wide range of benefits



Questions

EngineeringWithNature.org

Presenter Notes
Presentation Notes
Closing: Systems approach in identifying and treating water resource issues at a watershed scale is of utmost importance. WOTS/DOTS programs SupportAm looking for a Watershed in Puerto Rico to further test FG applicationsPresenter/Contact Information:Chris Haring-ERDC-CHL-River Engineeringchristopher.p.haring@usace.army.mil



What is FluvialGeomorph?
FluvialGeomorph (FG): is a rapid watershed assessment toolkit developed by the 

Corps of Engineers to assess stream channel stability.

• uses existing high-resolution terrain data-Light Imaging Detection and Ranging 

(LiDAR) or other available data sets to measure and compare channel morphology. 

• channel morphology is then mapped and compared against representative stable 

channel dimensions (empirical relationships) to identify locations within the 

watershed where channel instability exists.  

• Assessments are completed on a single data set or multiple years depending on the 

availability of data. 

• Geomorphic mapping and the associated metrics provide a basis to identify and 

assess priority locations within the watershed for further data collection and study 

or concentrated restoration.



FluvialGeomorph Workflow:

Presenter Notes
Presentation Notes
Research & Development funded.-Watershed Assessment Tools-looking for a watershed in Puerto Rico for FG analysis
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