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Soil Bioengineering
Bridges Ecology & Engineering

is an integrated technology
using sound engineering
practices & ecological
principles to assess, design,
construct & maintain dynamic
watershed lands for the
protection & enhancement of
healthy functioning systems.
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Soil Bioengineering
pportunities for Sustainable Living Systems

Immediate & Long-Term Erosion Control
Improved Face Stability

Improves Soil Strength & Moisture Regime
Strong Engineering & Ecological Foundations
Enhances Ecosystem Diversity

Speed up Natural Succession

Improves Aesthetic Quality

Low Life Cycle Costs

Permittable in Stream, River, Wetland &
Lakeshore Buffers
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Soil Bioengineering

Additional Environmental Benefits

Improves Air & Water Quality

Advanced Carbon-capture releases oxygen
into atmosphere

Noise Reduction & Energy Absorption
Air, Water & Soil Temperature Moderation
Reduces Near Bank Velocities

Optimizing Aquatic, Riparian, & Terrestrial Life
& Habitat Connections

Improves Infiltration - Supports Ground Water
Table

Enhances & Supports Surrounding Landscape
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Approach

Integrate Structural engineering components
with Living Vegetative components:

* live cut branches
» rooted woody & herbaceous plants

Specifically selected, arranged & embedded to
assist in controlling:

shallow mass movement
water collection & transport

surface erosion
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Living Components

Rooted Plants
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Yl Soil Bioengineering
<A Hed Value Beyond Stability & Hydraulic Efficiency

Reduced:
Near Bank Velocities

Air & Water Temperatures

Noise & Heat

Increased:

Ecological Diversity

Water Quality

Public Safety Aesthetics &
Recreation

Social, Economic &
Educational Values
Carbon-capture & Oxygen
production




Developments in the Marketplace

Soil Bioengineering
> . wVegetated Reinforced Soil Slope System
‘ (VRSS)

EC Expanded Opportunities for Soil Bioengineering

-/ . W. Reinforced Soil Slope (RSS) System

RSS systems combined with soil bioengineering
presents innovative opportunities to preserve,
enhance & restore sustainable watershed

. function on highly steepened sites
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Soil Bioengineering - VRSS

. Structures
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Reinforced Soil Slope

Intensive
Vegetation

1 Valero 2.6'041 -
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Terrestrlal Sltes

Highly Flexible, Advanced
“State of the Art” Systems

Enables woody plants to grow in fully
engineered steep slopes at > natural angle
of repose (up to 70 deg.)

Provides Mechanical & Ecologically
Diverse Foundations for Healthy Habitats

Effective in Narrow Corridors
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Drainage Design

Special emphasis on design & construction
' of drainage features is required

Soil Bioengineering Augments Drainage
Conventional drainage features are required:

Flow rate
Filtration
Placement
Outlet details
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Agronomic & Geosynthetic
Considerations

Plants require enough fines to provide
moisture & nutrients

May require slight
specification modification

Allow for some non-plastic
fines in backfill frontal
zone (2’ - 3’)

Both desire a well-drained
backfill

@ Geosynthetics ‘

Conlerence: CASE STUDIES




Rapid Drawdown Analysis Existing Conditions Stab|||ty Analysis

Bishop circular Surfaces - Most Critical Surfaces
Minimum Factor of safety 1.015

Existing
Ground

Computer analysis
defines deep failure
planes

Rapid Drawdown Analysis

Composite Reinforcement
Reinforcement Analysis — Most Critical Surfaces

P

Soil Min. Reinforced Factor of

i Bioengineered
Graded Zone

Stone

o Blanket —

= \ Possible Failure
Surfaces
Evaluated for
Stability

Geosynthetic Issues

Geosynthetic Reinforcement:

w*»f 4 Selected & located for structural stability

- Vertical Spacing:
Reviewed based on design requirements

~ Geosynthetics:
* Typically enhances healthy plant growth

Open-mesh allows roots to grow thru. grid

Geo-composites provide for deep root
penetration
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CASE STUDY

Buffalo Bayou - Houston, Texas

Project Type: Failed bank with
significant land loss during
1991 floods

Owner: Private
Construction: 1991 - 1992
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Buffalo Bayou
Existing Conditions

Length: 280 feet long / Height: 25’ to 35’
Highly Urbanized Watershed
15 feet of property lost in single flood event

Hydraulic Conditions: 200 to 2,000 gal. water
bank seepage per day

Waterway unstable: flash floods & operation
of flood gates at Addicks Reservoir

Sandy silty soils w. little cohesion

Loss of vegetation
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Bank Recession caused by erosion,
associated bank failures & seepage
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Buffalo Bayou
Requirements & Goals
Owner

Stable natural bank, enhance property &
Buffalo Bayou

Recover lost land & Low maintenance

Agencies

Improve water quality (stop erosion/failure)
Protect upstream CSO & maintain cross-section
Design for 100-year flood event

Aquatic & riparian habitat improvement
Permits: USACOE, City & HCFC
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Buffalo Bayou

Stabilize & revegetate bank: Soil bioengineering
VRSS system

" Maintain channel cross section: Berms &
steepened slope face

Protect CSO: Rock weir
Weir to direct flow to channel center

Native Vegetation: Enhance riparian & aquatic
habitat & provide root reinforcement
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Buffalo Bayou

Construction Challenges & Opportunities

Challenges: Continual flash floods w. heavy
sediment & rapid drawdown events

Narrow access between houses limiting
equipment & material movements

CSO pipe overflows
Opportunities:
Rock was expensive - concrete rubble plentiful

Native Vegetation: Abundant & available in
reservoir. USACOE encouraged harvesting

Local labor was plentiful
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Buffalo Bayou
Houston, Texas

Iriitiai bank clearing &
access preparation

Bench & foundation
construction
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Buffalo Bayou - Houston, Texas

Foundation

Installation:

Four (4) Geogrid
wrapped concrete
rubble layers

(6’ deep) &
Installation of a back-
drainage system
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‘Installation of live cut branches 6 to 12’ long
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Buffalo Bayou - Houston, Texas
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VRSS pot cstruction 2
Structure 42’ overall Maintained cross-
sectional area via

Steepened upper bank .5H - 1V & berms
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1st Season’s Development 1993
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Buffalo Bayou - Houston, Texas
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TR— 25 Gensor

: 9Stament to the strength & long-term endurance
Bioengineering VRSS structures provide on steep
unstable waterway banks @ Geosynthetics

Conference: CASE STUDIES




Buffalo Bayou - Houston, Texas
Stabilization & Restoration Costs

Winter/Spring construction 1991 - 1992

Project Costs for 42’ Structure (including
foundation) & Rock Weir:

$900 per lineal bank foot
$33.35 per square face foot

Project has remained stable thru.
4, 500-year events
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Rapid Emergency Response

+ Altered watershed conditions often create
#> 4 emergency management & post disaster
..recovery to protect infrastructure.

Soil bioengineering systems can react quickly
to restore damage while also providing
- environmental services.

Floods, Hurricanes, Fires, Land & mudslides
Soil Bioengineering is constructed year-round
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‘In this New Century & economics,
. jobs are about technology.
Essentlally, this means we can live,

.."\ 'f'

= r; “play & work where we like, & we will
i o “choose beautiful, safe, healthy
- :.._ “functioning places. This presents

wonderful opportunities for
Soil Bioengineering

Thank You
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