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Engineering With Nature (ENN®) and Natural and Nature-Based
Features (NNBF) is a principal component to the U.S. Army Corps of
Engineers (USACE) inland fluvial watershed, Flood Risk Management
(FRM), Regional Sediment Management (RSM), and Ecosystem
Restoration portfolio of programs. In a memo dated April 2024, the
USACE Headquarters required all future USACE water resource projects
to investigate and incorporate NNBF approaches. This includes applying
NNBF approaches to studies, alternative analysis, design, construction,
operation and maintenance, and adaptive management. This
presentation will provide information and newly developed guidance
addressing watershed studies, FRM, RSM, and ecosystem restoration
projects.
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Presenter Notes
Presentation Notes
Presenter/Contact Information:
Chris Haring-ERDC-CHL-River Engineering
christopher.p.haring@usace.army.mil
Note:  This presentation was created by Dr. Chris Haring for the expressed purpose of training based on experiences, interaction with colleagues and selected publications.  All Rights Reserved ®

Topics:  NNBF
Discuss NNBF concepts associated with EWN efforts

EWN-NNBF Background information
Systems approach to water resource issues
Geomorphic Analysis Approaches
NNBF Restoration Approaches
Case Study examples International Guidelines & design manuals, etc on NNBF website
Wildfire and Reservoir Examples


NNBF: A SYSTEMS VIEW OF SOLUTIONS
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Presenter Notes
Presentation Notes
System Approach to solutions.
Scale of issues need to be identified
Functions of ecosystems mixed with other landscape components, ie urban/ag/industrial
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SYSTEMS APPROACH TO WATERSHED
ASSESSMENTS AND NNBF APPLICATIONS

FluvialGeomorph (FG) Profile and cross-sections: Bayou Pierre Tributary, west-central MS
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Presenter Notes
Presentation Notes
Bayou Pierre is a large river in Southwestern Mississippi.  Trib is a small drainage < 2 square miles.
Site investigation developing information for a new stream stabilization course and we drove by…..well we turned around and went back!!!
Profile shoes channel degradation occuring 
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FG APPLICATIONS

Profile and cross-sections: Bayou Pierre Tributary, west-central MS

Cross Section 4
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Presentation Notes
XS’s illustrate channel deepening and widening
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FG APPLICATIONS

Profile and cross-sections: Bayou Pierre Tributary, west-central MS
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Presentation Notes
Photos provide more background on actual incision.  Scale of people in photos illustrates the vertical and horizontal adjustments
Mini-Grand Canyon
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FG APPLICATIONS

Profile and cross-sections: Bayou Pierre Tributary, west-central MS
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Presentation Notes
Trib of the trib
Similar profile showing degradation trends
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FG APPLICATIONS

Profile and cross-sections: Bayou Pierre Tributary, west-central MS
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Presentation Notes
Similar CEM trends
Look at elevation of channel upstream of the Road crossing culvert…….another 2 ft lower
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FG APPLICATIONS

Profile and cross-sections: Bayou Pierre Tributary, west-central MS
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Presentation Notes
Roadway was completely washed out….new channel established upstream and not put back in original location
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FG APPLICATIONS
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Presenter Notes
Presentation Notes
Change detection to quantify sediment movement
Geomorphic change in channel stability
Sediment storage or supply to downstream reaches
Advanced measures to reduce risk of infrastructure failure


, n
Functional Assessment

Stream functions described by Fischenich (2006)

System Dynamics Geomorphology Biology

Maintain stream ewvalution processes Sediment continuity Support biclegical communiites and processes

Erergy management orocesses Maintain subsirates and structural processes Provide necessary agualc and riparian habitats

Provide for ripariar succession Quality and quantity of sediments Maintain trophic structurs and processes
Hydrology Physiochemical
Surface water storage processes Waintain water and soil quality
General hydrodynamic balance Maintain landscape pathways

Stream functions py (26 ) —— *_w i
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Presenter Notes
Presentation Notes
Two concepts for natural and nature-based features applications
- Functional & Lanes Balance
How they can be designed for meeting project goals and objectives.
**Integration of 5 main restoration function perspectives


We will talk in more detail about this later but wanted to present the issues with changing balances in nature.
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NNBF ENGINEERING PERFORMANCE

Levee Setbacks

Benefits/Processes

-decreased flood levels and
velocities

-reduced frequency of
maintenance and repair on levee
-reduced navigational
maintenance

-reduction in erosion/scour and
O&M costs

-increased recreational, cultural,
and educational opportunities

Naturalization of Channel Design

Benefits/Processes

Performance Factors

-reduced frequency of maintenance on
levee and restoration projects
-naturalization of flow regimes and
floodplain reconnection

-ecological benefits to floodplain
habitat

-reduction in erosion/scour and O&M
costs

-increased recreational, cultural, and
educational opportunities

-amount of new floodplain affects
hydrologic loading

-alignment options for improved
hazard mitigation

-ecological goals of project with
increased floodplain connection

-collaboration with stakeholders
and other Federal agencies

Performance Factors

-type of practice determines
hydrologic loading

-practice determines options for
improved hazard mitigation, erosion
control, and streambed and bank
stability

-collaboration with stakeholders and
other Federal agencies

-sediment management options

UNCLASSIFIED

Watershed Treatments

Benefits/Processes

-naturalization of hydrologic
watershed regimes

-reduced navigational
maintenance

-reduction in O&M costs
-increased recreational, cultural,
and educational opportunities
-reduced frequency of
maintenance and repair on levee
and restoration projects

Performance Factors

-watershed management options
determine effects on hydrologic
loading

-practice options for improved
hazard mitigation, upland erosion
control, and groundwater
recharge

-sediment management options
-collaboration with stakeholders
and other Federal agencies
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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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NNBF APPROACH
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NNBF AND NATURAL MATERIALS

National Large Wood Manual

Assessment, Planning, Design, and Maintenance of Large
Wood in Fluvial Ecosystems: Restoring Process, Function,
and Structure

January 2016

" o -
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Presentation Notes
Differing environments with differing toolbox
- Currently working on NNBF Streambank Manual Update
- EWN-Floodplain Benching & Toe-Wood Guidance Documents

http://www.engineeringwithnature.org/

~ VEGETATION & LIMITED TOE-PROTECTION TO
RESTORE

-

LPSTP +
Bio-engineering



Presenter Notes
Presentation Notes
Pushing designs to embrace more vegetative solutions paired with reduced hard materials
LPSTP w/Root wads
LPSTP alone
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TOE PROTECTION TO RESTORE NATURAL PROCESSES
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Presenter Notes
Presentation Notes
Floodplain reconnection within incised channel
- Sediment reduction & Naturalizing Channel Stabilization



RE-DIRECTIVE AND BANK ALTS TO RESTORE
NATURAL PROGESSES
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Presenter Notes
Presentation Notes
Reduce erosion and sediment to downstream reaches
Protect important infrastructure
Habitat benefits with increased channel roughness and refuge for macro-invertebrates and fisheries
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GRADE CONTROL TO

Upstream channel illustrates what

RESTORE N ATU RAL : " BRI [caches downstream of culverts
PROCESSES TO DEGRADING ¢
CHANNELS

looked like prior to degradation.

Road Culverts temporarily
stopped channel degrading
upstream but were not

Car body illustrating scale of channel
degradation within watershed. Road
Culverts temporarily stopped channel
degrading upstream but were not
constructed for that purpose.
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Degrading channels
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GRADE CONTROL TO RESTORE NATURAL PROCESSES



Presenter Notes
Presentation Notes
Rebuilding floodplain connections
-Beaver Dam Analogies (small streams)
-Channel grade control to establish floodplains
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GRADE CONTROL TO RESTORE NATURAL PROCESSES
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Presenter Notes
Presentation Notes
Rio Puerto Nuevo (San Juan Puerto Rico) Contract 6 Channelization Project
2nd project on Santiago River-Arecibo FRM Project
Dike geometry (curve radius, angle of sides, width, depth)
Dike spacing
Dike construction (stone? Stone size? Grouted?, launchable stone? concrete?)
Wall scour potential (loss of passive resistance)
Any maintenance issues?
Expected scour depth?
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GRADE CONTROL TO RESTORE NATURAL PROCESSES
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Presentation Notes
Santa Clara Pueblo SPA Emergency Operations Gabion Basket Whole Valley GCS’s


WILDFIRE RECOVERY: GRADE CONTROL
TO RESTORE NATURAL PROCESSES

Stage Zero Restoration

US Army Corps of Engineers e

Engineer Research and Development Center
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WILDFIRE RECOVERY:
TO RESTORE NATURAL PROCESSES

= \Wetland & Erosion
Control

= Bottomless Culvert

= Traditional Ecological
Knowledge (TEK)

EWN FY22

Wildfire Recovery
(ERT 21-10)
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Presentation Notes
Restore and Enhance Biological Habitat
Channel & Bank Stabilization, floodplain mulching and plantings (TEK plant species)
Side channel ponds and floodplain reconnections (water recharge areas)



WILDFIRE RECOVERY: RESTORE NATURAL PROCESSES

O Wood, rock, vegetative structures
O Rock onsite
0 Combination

BUILDING STRONG,



Presenter Notes
Presentation Notes
More NNBF type structures
Are being monitored for effectiveness including TEK Applications
Recommended 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
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Engineer Research and Development Center
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Presenter Notes
Presentation Notes
Existing conditions-no protection from wave action-high erosion and sedimentation rates
Construction-Completed from barge with riprap placement
Constructed project-provides wave protection and habitat
Post-project stabilization-continuing to monitor, trees and others vegetative species could be supplemented in an updated design.
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RESERVOIR SUSTAINABILITY: TO
RESTORE SHORELINE STABILITY

US Army Corps of Engineers e Engineer Research and Development Center
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Presenter Notes
Presentation Notes
More test sites to complete and monitor.
Vegetation management areas within lake margins can be used as supply of NNBF for stabilization
Veg Management materials, locally sourced-possibly wetland plantings, cheaper to use (hauling, labor onsite in some cases)
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Natural Bank Protection (Soil-Filled Riprap): To Restore
Natural Processes 7 N

“ US Army Corps of Engineers e
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Floodplain Benching & Re-connection: To Restore

Floodplain Restoration Advantages N atu ral P rocesses
Access of flows (Hydraulically reconnected)

Areas for sediment deposition

Dissipates flow energy

Nutrient Recyclying

Reconnection (groundwater recharge)

High quality riparian corridor: (>70% of all terrestrial species)

Riparian corridor: to be fully functional need a large buffer width

Aquatic species (flood flows)
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Presentation Notes
Legacy Sediment Removal
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Legacy Sediment Removal
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BOULDER CREEK PROJECT
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AD TO RESTORE
NATURAL
PROCESSES

Natural | Ecological Ecosystem | Economic Ecosystem
Features | Troduction Goods and | Benefit Service
Function Services Function Benefits
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Presentation Notes
Adaptive Management to Restore Floodplain Connections and Ecological Functions
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TNC-Nachusa Grasslands
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Presentation Notes
Adaptive Management to existing landscapes
4,000 acres of restored, remnant prairie, 180 species of birds, 700 native plant species
- Blandings turtle, buffalo


TNC - Nachusa Wetlands
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Benefits of wetland complexes/Stage Zero restoration
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FUTURE FOCUS OF EWN-NNBF APPROACHES

ERDC-CHL RIVER ENGINEERNG

Expand the “vision™ to diversify
project benefits

Increase collaboration and cross-
sector partnerships

Commit to innovation

Ensure understanding of underlying
restoration principles.

Document the value created
Coordinate communication across
partnering organizations for
maximum impact

Provide technical assistance & R&D-
Water Resource Issues. (WOTS-
DOTS-WRAP-other District, Military,

and Sponsor request).

US Army Corps of Engineers e Engineer Research and Development Center 36
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Presenter Notes
Presentation Notes
EWN List of general guidance concepts moving forward


Questions

Hostl https://ewn.erdc.dren.mil/ ERD C

BUILDING STRONG, Innovative solutions for a safer, better world



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 Support
Am looking for a Watershed in Puerto Rico to further test FG applications

Presenter/Contact Information:
Chris Haring-ERDC-CHL-River Engineering
christopher.p.haring@usace.army.mil
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