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Colorado’s Catastrophic 2013 Floods

Photos: J. Giordanengo & 

Denver Post

• Nearly $4 billion in 

damage

• CO’s costliest 

natural disaster

• Caused damage 

across 24 counties

• Displaced 18,000 

people

• Destroyed 1,800 

homes



The Response: Colorado Water 

Conservation Board (CWCB)



Colorado Emergency Watershed Protection 

(EWP) Program
• EWP funds were allocated to 

NRCS

• Program was administered and 

managed by CWCB

• Federal funds provided 

reimbursement for 75% of 

construction

• CWCB’s management of the $70 

million program begin in 2015 

and ended in 2018



The Response: 

A Bioengineering Guide 

for Colorado Streams



A Bioengineering Guide for 

Colorado Streams

Bioengineering: the 
integration of living 
woody and herbaceous 
materials along with 
organic and inorganic 
materials to increase 
the strength and 
structure of the soil 

– J. Chris Hoag (1998)

Purpose of Guide: to 
provide restoration 
practitioners with 
guidelines for planning, 
design, and construction 
of streambank protection 
optimized for the 
conditions specific to 
Colorado’s watersheds.



A Bioengineering Guide for 

Colorado Streams

Intent of Guide

Provide guidelines for 

comprehensive restoration 

strategy

Incorporate design elements 

that impart site stability

Include recommendations 

that minimize risks during 

vulnerable periods



The Colorado Revegetation Matrix

Includes prioritized woody, forb, and graminoid species 
based on feedback from multiple agencies and groups

Incorporates 51 searchable parameters

Nomenclature

County

Hydrology/physiographic preference

Morphology

Germination data



The Colorado Revegetation Matrix

Included within morphology are root parameters that 

allow better incorporation in bioengineering techniques

Also includes germination protocols, average seed 

weights, storage recommendations, and 

implementation preferences



















The Colorado Revegetation Matrix

Matrix incorporates over 

419 documents:

PLANTS Database 

Biota of North America Project 

(BONAP)

NWPL/Lichvar/Army Corps of 

Engineers

Flora of Colorado (Ackerfield)

Colorado Flora (Weber  and Whitman)



Stream Bioengineering Equations

Root parameters can be applied to:

 Annandale Erodibility Index (2006)

K = Ms * Kb * Kd * Ja

Where: Ms - mass strength; Kb - block size; Kd - discontinuity bond shear 
strength; and Ja - relative ground structure.

Kb = 1000D3

Block size = 1000 * root dimension3



Root paramaters can be applied to:

 Waldron Model (1977), as modified by Wu, McKinnell, & Swanston (1979) 
(as described in Simon et al. 2006)

 Where: Sr = shear strength (kPa), Ć = effective cohesion (kPa), σ = normal 
stress (kPa), μ = pore pressure (kPa), and φ’ = angle of internal friction in 
degrees

Stream Bioengineering Equations

Sr = ć + (σ – μ) tan φ’
The simple perpendicular model is based on the Coulomb equation:



 As such, the shear strength of the roots (ΔS) is calculated through use of the root tensile 

strength and the cross section of the roots relative to the area of the shear surface

 Where: Tr = root tensile strength (kPa), AR/A = root area ratio (dimensionless), A = soil 

area (m2), AR = root area (m2), and 1.2 = value that accounts for the angle of shear 

distortion and soil friction in degrees (Wu et al., 1979; Simon et al., 2006)

Stream Bioengineering Equations

ΔS = Tr (AR/A) 1.2

Waldron Model (1977), as modified by Wu, McKinnell, & Swanston (continued): 



Development of the Germination Protocols

Photo courtesy of E. Schmidt









The Colorado Revegetation Matrix

Application:

NRCS/CWCB Emergency Watershed Protection

2013 Flood Impacted Areas

68 / 117 Projects Implemented by 2018

Revegetation Guides / Planting Plans







Ecotypic Plant Materials Are Key

Ecotype: a genetically distinct 
geographic variety, population, or race 
within a species which is adapted to 
specific environmental conditions.

Native: a species that occurs naturally 
in a particular site as determined by 
living (biotic) and non-living (abiotic) 
factors and was not introduced by 
human activities.



 Ecotypic plant materials are important because these plants:

Have improved site adaptability;

Improve water conservation;

Are less likely to become invasive;

Co-evolved with local site conditions such as hydrology and biophysiology, 

therefore tend to have greater resiliency to stress;

Tend to be more aesthetically aligned (display sense of place);

May be required by law, policy, or covenant; and

Tend to impart long-term improved economics through reduced 

maintenance and irrigation costs.

Ecotypic Plant Materials Are Key



Restoration Requirements

Species were grouped by hydrologic and elevational preference.

For the purposes of restoration design, a total of five distinct 
ecological zones were recognized:

Zone 1: Wetland (0 - 1 ft above low-flow water surface, 70 – 100% wet 
annually);

Zone 2: Riparian (1 - 3 ft above low-flow water surface, bankful, 40 –
70% wet annually);

Zone 3: Transitional (2 – 4 ft above low-flow water surface; 100 yr
flood elevational 40% wet annually to bankful height);

Zone 4: Upland (4+ ft above low-flow water surface);

Zone 5: Overbank or swale.





Plant Material Increase and Storage

Photos courtesy of R. Mandel



Restoration Implementation

The greatest challenges to date have been:

Timing and budget (always too tight and never enough);

Irrigation (plants like water);

Noxious and/or invasive species (limited budgets for control; water 
nexus);

Availability for some key species and need for cultural studies to 
improve production capabilities;

Availability of trained installation crews with consistent attention to 
planting detail; and

Long-term monitoring and its funding.



2013 Flood Restoration: The Before



The Implementation



The Implementation



2013 Flood Restoration: The After



NNBF Riverine & Fluvial Application Summary
• Nature-Based Design

• Watershed Context

• Proactive Groundwater Measurement

• Hydrology-Based Grading

• Ecotypic Plant Materials

• Planting Techniques

• By Hydrologic Zone

• Bioengineering

• Staking

• Planting

• Seeding

• Irrigation (Transitional/Upland)

• Iterative Management



The Important Role of Community & Stakeholder 

Engagement



Great Ecology:

Great Ecology specializes in the design, restoration, and enhancement of 

ecosystems throughout the United States and abroad. We bring higher 

ecological thought to leading organizations, corporations, and governments 

throughout the world. With offices in San Diego, Denver, Manhattan, and Soda 

Springs, we integrate ecological project design with biological and financial 

assessment, project implementation, and iterative management.



Questions?

Randy Mandel

Vice President, Technical Services

Great Ecology

rmandel@greatecology.com

970.379.3169


	2013 Colorado Flood Recovery: �A Case Study in Riverine/Fluvial NNBF Applications
	Slide Number 2
	Colorado’s Catastrophic 2013 Floods
	Slide Number 4
	Colorado Emergency Watershed Protection (EWP) Program
	The Response: �A Bioengineering Guide �for Colorado Streams
	A Bioengineering Guide for �Colorado Streams
	A Bioengineering Guide for Colorado Streams
	The Colorado Revegetation Matrix
	The Colorado Revegetation Matrix
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	The Colorado Revegetation Matrix
	Stream Bioengineering Equations
	Slide Number 21
	Slide Number 22
	Development of the Germination Protocols
	Slide Number 24
	Slide Number 25
	Slide Number 26
	The Colorado Revegetation Matrix
	Slide Number 28
	Slide Number 29
	Ecotypic Plant Materials Are Key
	Ecotypic Plant Materials Are Key
	Restoration Requirements
	Slide Number 33
	Plant Material Increase and Storage
	Restoration Implementation
	2013 Flood Restoration: The Before
	The Implementation
	The Implementation
	2013 Flood Restoration: The After
	NNBF Riverine & Fluvial Application Summary
	The Important Role of Community & Stakeholder Engagement
	Great Ecology:
	Questions?

