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7.1.4  LONGITUDINAL STONE TOE

7.1.4.1  Description

Longitudinal stone toe is another form of a windrow revetment, with the stone placed
along the existing streambed rather than on top bank.  The longitudinal stone toe is placed
with the crown well below top bank, and either against the eroding bankline or a distance
riverward of the high bank. Typical crown elevations may vary but are commonly between
1/3 and 2/3 of the height to top bank. 

The success of longitudinal stone toe protection is based on the premise that as the
toe of the bank is stabilized, upper bank failure will continue until a stable slope is attained
and the bank is stabilized.  This stability is usually assisted by the establishment of vegetation
along the bank.  

7.1.4.2  Advantages

A longitudinal stone toe has the same advantages as a trenchfill and windrow. It also
allows for the preservation of much of the existing vegetation on the bank slope, and
encourages the growth of additional vegetation as the bank slope stabilizes.  An additional
advantage is that the treatment is amenable to the planting of additional vegetation behind it.

7.1.4.3  Disadvantages

A longitudinal stone toe also has the same disadvantages as trenchfill.  By definition,
longitudinal stone toe protection only provides toe protection and does not directly protect
mid and upper bank areas.  Some erosion of these mid and upper bank areas should be
anticipated during long-duration, high energy flows, especially  before these areas stabilize
and become vegetated.
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7.1.4.4  Typical Applications

Longitudinal stone toe protection is especially suitable where the upper bank slope is
fairly stable (due to vegetation, cohesive material, or relatively low flow velocities), and
erosion can be arrested by placing a windrow along the toe of the bank.  This avoids the
wasted effort of disturbing, then rearmoring, an existing stable slope.  Small or ephemeral
streams are especially suited to this approach.

The longitudinal stone toe technique may be appropriate where the existing stream
channel is to be realigned, although for maximum effectiveness the top elevation of the stone
must be high enough that it is not overtopped frequently.  In this application, it actually
functions as a retard.

7.1.4.5  Design Considerations

There are basically two variations of the longitudinal stone toe.  These will be referred
to as longitudinal peaked stone toe protection, and longitudinal stone fill toe protection.
Design consideration for these two stabilization measures are discussed below.  

Longitudinal Peaked Stone Toe Protection.   An efficient design for a longitudinal
stone toe is to simply specify a weight or volume of stone to be placed per unit length of
streambank, rather than to specify a given finished elevation and cross-section dimensions.
This basically results in a triangular shaped section of stone placed along the toe of the
streambank.  This type of protection is commonly referred to as a longitudinal peaked stone
toe protection (Figures 7.7 and 7.8).  A primary attraction of this treatment is its simplicity.
Extensive surveys and analysis during design and construction would reduce that attraction.
Since the volume of stone required at each section is determined by the estimated scour
depth, simply specifying a volume or weight is all that is required.  In the small streams of
north Mississippi, longitudinal peaked stone toe protection placed at a rate of 1 to 2 tons per
linear foot of streambank has  proven to be one of the most successful bank stabilization
measures used in that area. This generally results in a height of stone between 3 and 5 feet
high above the streambed. A “typical” cross-section can be specified on the drawings, along
with a relatively smooth alignment to fit site conditions.  During construction, the selected
alignment for the structure is flagged,  and increments of length are measured as appropriate
for the size of delivery vehicles or placement buckets.  Design, bidding, and supervision of
construction is, therefore, greatly simplified.  

With longitudinal peaked stone toe protection, the establishment of vegetation
landward of the structure is a critical component for a successful project. Consequently, it is
important to maintain as much of the natural vegetation as possible.  If at all possible, the
construction site should be approached and the construction work accomplished from the
riverward side of the bank to leave the existing upper bank vegetation undisturbed. 
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(a) One Ton Per Foot Immediately After Construction

(b) Same Site One Year Later

Figure 7.7 Typical Longitudinal Peaked Stone Toe Protection
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Figure 7.8 Typical Longitudinal Peaked Stone Toe Protection With Tiebacks
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Longitudinal peaked stone toe protection is easily combined with vegetative treatments for
a composite design (Figure 7.9).

The centerline of the longitudinal peak stone toe protection should be constructed
along a smooth alignment, preferably with a uniform radius of curvature throughout the bend.
The upstream and downstream ends of the structure should be protected against flanking and
eddy action.

Where the bank materials are highly erodible, and the adequacy of an unsupported
stone  placed along the toe of the bank may be marginal, stone dikes can be placed at intervals
as “tiebacks” to prevent erosion from forming behind the structure.  A spacing of one to two
multiples of channel width can be used between tiebacks.  At the very least, a tieback at the
downstream limit of the structure is recommended. 

Longitudinal Stone Fill Toe Protection.  With longitudinal stone fill toe protection,
a top elevation and crown width for the stone are specified, along with bank grading and/or
filling to provide for a consistent cross-section of stone.  The finished product could just as
easily be classified as a thickened stone armor to provide a launchable toe, with the top
elevation of the armor being well below top bank elevation. In fact, this method is sometimes
referred to as reinforced revetment. There are two basic configurations of longitudinal stone
fill toe protection.  One method is to place the toefill stone adjacent to the high bank with the
tieback stone fill placed in trenches excavated into the high bank as shown in Figure 7.10.  In
some instances it may be necessary to place the toefill stone riverward of the high bank as
shown in Figure 7.11.  Longitudinal stone fill toe protection is often used as the toe
protection with other methods for upper bank protection.

Longitudinal stone fill toe protection can be “notched” in the same manner as a
transverse dike or retard in order to provide an aquatic connection between the main channel
and the area between the structure and the bank slope.

7.2  OTHER SELF-ADJUSTING ARMOR 

Some armor materials other than stone which have the ability to adjust to scour,
settlement, or surface irregularities are:

Concrete blocks;
Sacks filled with earth, sand, and/or cement; and
Soil-cement blocks.

Materials which have been occasionally used in the past, but which have serious
shortcomings, are:
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Figure 7.9 Longitudinal Peaked Stone Toe Protection In Combination With Willow Post
Upper Bank Protection
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Figure 7.11 Longitudinal Stone Fill Toe Protection Riverward of High Bank With
Tiebacks

Figure 7.10 Longitudinal Stone Fill Toe Protection Placed Adjacent to Bank With
Tiebacks


	WES Handbook.pdf
	COVER
	INSIDE COVER
	PREFACE
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER 1: INTRODUCTION
	1.1  Purpose
	1.2  Scope

	CHAPTER 2:  FUNDAMENTALS OF FUVIAL GEOMORPHOLOGY AND CHANNEL PROCESSES
	2.1  Fluvial Geomorphology
	2.1.1  Basic Concepts
	2.1.1.1  The Fluvial System
	Figure 2.1

	2.1.1.2  The System is Dynamic
	2.1.1.3  Complexity
	2.1.1.4  Thresholds
	2.1.1.5  Time
	2.1.1.6  Scale

	2.1.2  Landforms
	Figure 2.2
	Table 2.1

	2.1.3  River Mechanics
	2.1.4  River Characteristics and Basic Definitions
	2.1.4.1  Channel Pattern
	Figure 2.3
	Figure 2.4

	2.1.4.2  Channel Geometry and Cross Section
	Figure 2.5
	Figure 2.6
	Figure 2.7
	Figure 2.8

	2.1.4.3  Planform Geometry
	Figure 2.9

	2.1.4.4  Channel Slope

	2.1.5  Relationships in Rivers
	Figure 2.10
	Figure 2.11

	2.1.6  Channel Classification
	Table 2.2
	Figure 2.12
	Table 2.3
	Figure 2.13


	2.2  Channel Stability Concepts
	2.2.1  The Stable Channel
	Figure 2.14

	2.2.2  System Instability
	Figures 2.15a-d
	2.2.2.1  Causes of System Instability
	Figure 2.16
	Figure 2.17
	Figure 2.18

	2.2.2.2  Complexities and Multiple Factors

	2.2.3  Local Instability
	2.2.3.1  Overview of Meander Bend Erosion
	2.2.3.2  Streambank Erosion and Failure Processes
	Figure 2.19
	Figure 2.20
	Figure 2.21
	Figure 2.22
	Figure 2.23
	Figure 2.24
	Figure 2.25
	Figure 2.26
	Figure 2.27
	Figure 2.28
	Figure 2.29
	Figure 2.30
	Figure 2.31
	Figure 2.32
	Figure 2.33
	Figure 2.34



	2.3  Closing

	CHAPTER 3:  GEOMORPHIC ASSESSMENT OF CHANNEL SYSTEMS
	3.1  Geomorphic Assessment of the System
	3.1.1  Data Assembly
	3.1.2  Field Investigation
	3.1.2.1  Introduction
	3.1.2.2  Field Equipment for Stream Reconnaissance
	3.1.2.3  What to Look for in the Field
	Figure 3.1
	Figure 3.2


	3.1.3  Channel Stability Assessment
	3.1.3.1  Identification of Geomorphjically Similar Reaches
	3.1.3.2  Specific Gage Analysis
	Figure 3.3

	3.1.3.3  Comparative Surveys and Mapping
	Figure 3.4

	3.1.3.4  Empirical Methods for Stable Channel Design
	3.1.3.5  Summary of Empirical Channel Design Methods

	3.1.4  Computational Design Methods for Channel Design
	3.1.4.1  SAM
	3.1.4.2  HEC-6
	3.1.4.3  Integration of Results



	CHAPTER 4:  GENERAL APPROACH TO BANK STABILIZATION
	4.1  Consideration of Available Alternatives
	4.1.1  River Basin Management
	4.1.1.1 Land Treatment
	4.1.1.2  Reservoirs

	4.1.2  Bed Stabilization
	4.1.3  Site-Specific Bank Stabilization
	4.1.4  Relocation of Endangered Facility or Stream Channel
	4.1.4.1  Relocation of Endangered Facility
	4.1.4.2  Relocation of Stream Channel

	4.1.5  Non-Structural Solutions
	4.1.5.1  Regulation of Navigation
	4.1.5.2  Regulation of Reservoir Releases


	4.2  Consideration of Other Factors
	4.2.1  Legal and Regulatory Matters
	4.2.2  Broad Environmental Issues
	4.2.2.1  Historical Evolution of Public Perception
	4.2.2.2  Opportunities and Hazards

	4.2.3  Economic Constraints
	4.2.4  Coordination with Other Interested Parties


	CHAPTER 5:  SELECTION OF SITE-SPECIFIC STABILIZATION TECHNIQUES
	5.1  Effectiveness of Alternative  Approaches
	5.1.1  Durability
	5.1.1.1  Required Project Lifespan
	5.1.1.2  Maintenance Requirements and Capability
	5.1.1.3  Climatic Conditions
	5.1.1.4  Debris Loads
	5.1.1.5  Corrosion and Abrasion
	5.1.1.6  Other Hazards

	5.1.2  Adjustment to Bed Scour and/or Bank Subsidence
	5.1.3  River Depths
	5.1.4  Foreshore Limitations
	5.1.5  Channel Alignment
	5.1.6   Impact on Flowlines
	5.1.6.1  Flood Flows
	5.1.6.2  Low Flows

	5.1.7  Impact on Erosion Upstream and Downstream

	5.2  Environmental Considerations
	5.2.1  Potential Environmental Impacts
	5.2.1.1  Aquatic Wildlife Habitat
	5.2.1.2  Terrestrial Wildlife Habitat
	5.2.1.3  Recreation
	5.2.1.4  Aesthetics
	5.2.1.5  Cultural Resources

	5.2.2  Environmental Objectives
	5.2.2.1  Preserve or Improve Wildlife Habitat
	5.2.2.2  Avoid Disturbance of Endangered Fish and Wildlife
	5.2.2.3  Preserve or Improve Recreational Opportunities
	5.2.2.4 Preserve Natural Aesthetics
	5.2.2.5  Preserve Cultural Resources


	5.3  Economic Factors
	5.3.1  Cost of Alternative Techniques
	5.3.2  Available Resources
	5.3.2.1  Funds
	5.3.2.2  Labor
	5.3.2.3  Materials
	5.3.2.4  Equipment

	5.3.3  Feasibility of Incremental Construction
	5.3.3.1  Vertical Increments
	5.3.3.2  Horizontal Increments


	5.4  Application
	Table 5.1
	Table 5.2


	CHAPTER 6:  GENERAL PRINCIPLES OF EROSION PROTECTION
	6.1  Applied Geomorphology
	6.1.1  Upstream and Downstream Limits of Work
	6.1.1.1  Prediction of Channel Migration
	Figure 6.1
	Figure 6.2

	6.1.1.2  Minimum Length of Protection
	Figure 6.3

	6.1.1.3  Other Considerations
	6.1.1.4  Special Considerations for Braided Streams

	6.1.2  Channel Alignment
	6.1.2.1  Preferred Choice
	6.1.2.2 Possible Exceptions


	6.2  Hydraulics
	6.2.1  Design Discharge
	6.2.2  Tractive Force and Permissible Velocity
	6.2.3  Secondary Currents
	6.2.4  Variations in River Stage
	6.2.5  Top Elevation of Protection
	Figure 6.4
	6.2.5.1  Stage Duration
	6.2.5.2  Severity of Overbank Flow During Floods
	6.2.5.3  Erodibility of Upper Bank Material
	6.2.5.4  Type of Protection and Slope of the Bank
	6.2.5.5  Consequences of Failure

	6.2.6  Wave, Vessel, and Ice Forces
	6.2.7  Prediction of Toe Scour

	6.3  Toe Protection
	6.3.1  Basic Options
	6.3.2  Specific Guidance for Various Techniques
	6.3.2.1  Stone Armor
	6.3.2.2 Other Self-Adjusting Armor
	6.3.2.3  Rigid Armor
	6.3.2.4  Flexible Mattress
	6.3.2.5  Dikes
	6.3.2.6 Retards
	6.3.2.7  Other Flow Deflectors
	6.3.2.8 Vegetative Bank Protection
	6.3.2.9  Retaining Wall


	6.4 Surface Drainage
	Figure 6.5

	6.5  Manufacturers' Recommendations
	6.6  Safety Factor

	CHAPTER 7:  SURFACE ARMOR FOR EROSION PROTECTION
	7.1  Stone Armor
	7.1.1  Riprap Blanket
	7.1.2  Trenchfill
	7.1.2.1  Description
	Figure 7.1
	Figure 7.2

	7.1.2.2  Advantages
	7.1.2.3  Disadvantages
	7.1.2.4  Typical Application
	7.1.2.5  Design Considerations

	7.1.3  Windrow
	7.1.3.1  Description
	Figure 7.3
	Figure 7.4
	Figure 7.5
	Figure 7.6

	7.1.3.2  Advantages
	7.1.3.3  Disadvantages
	7.1.3.4  Typical Applications
	7.1.3.5  Design Considerations

	7.1.4  Longitudinal Stone Toe
	7.1.4.1  Description
	7.1.4.2  Advantages
	7.1.4.3  Disadvantages
	7.1.4.4  Typical Applications
	7.1.4.5 Design Considerations
	Figure 7.7
	Figure 7.8
	Figure 7.9
	Figure 7.10
	Figure 7.11



	7.2  Other Self-Adjusting Armor
	7.2.1  Concrete Blocks
	7.2.1.1  Description
	7.2.1.2  Advantages
	7.2.1.3  Disadvantages
	7.2.1.4  Typical Applications
	7.2.1.5  Design Considerations

	7.2.2 Sacks
	7.2.2.1  Description
	7.2.2.2 Advantages
	7.2.2.3  Disadvantages
	7.2.2.4  Typical  Applications
	7.2.2.5  Design Considerations
	Figure 7.12


	7.2.3  Soil-Cement Blocks
	7.2.3.1  Description
	7.2.3.2  Advantages
	7.2.3.3  Disadvantages
	7.2.3.4  Typical Application
	7.2.3.5  Design Considerations

	7.2.4  Rubble from Demolition
	7.2.4.1  Description
	7.2.4.2  Advantages
	7.2.4.3  Disadvantages
	7.2.4.4  Typical Applications
	7.2.4.5  Design Considerations

	7.2.5  Slag from Steel Furnaces
	7.2.5.1  Description
	7.2.5.2  Advantages
	7.2.5.3  Disadvantages
	7.2.5.4  Typical Applications
	7.2.5.5  Design Considerations

	7.2.6  Automobile Bodies

	7.3 Rigid Armor
	7.3.1  Asphalt
	7.3.2 Concrete
	7.3.3  Grouted Armor
	7.3.4  Soil-Cement
	Figure 7.13

	7.3.5  Chemical Soil Stabilization
	7.3.6  Clay Blanket

	7.4  Flexible Mattresses
	7.4.1  Concrete Block Mattress
	7.4.1.1  Design Considerations

	7.4.2  Fabric Mattress
	7.4.2.1  Description
	7.4.2.2  Advantages
	7.4.2.3  Disadvantages
	7.4.2.4  Design Considerations

	7.4.3  Gabion Mattress
	7.4.3.1  Description
	7.4.3.2  Advantages
	7.4.3.3  Disadvantages
	7.4.3.4  Design Consideration

	7.4.4  Grid Confinement
	7.4.4.1  Description
	7.4.4.2  Advantages
	7.4.4.3  Disadvantages
	7.4.4.4  Design Considerations

	7.4.5  Used-Tire Mattress
	7.4.5.1  Description
	7.4.5.2  Advantages
	7.4.5.3  Disadvantages
	7.4.5.4  Design Considerations

	7.4.6  Wooden Mattress
	7.4.6.1  Description
	7.4.6.2  Advantages
	7.4.6.3  Disadvantages
	7.4.6.4  Design Considerations



	CHAPTER 8:  INDIRECT TECHNIQUES FOR EROSION PROTECTION
	8.1  Dikes and Retards
	8.1.1  Dikes
	8.1.1.1 Advantages
	8.1.1.2  Disadvantages
	8.1.1.3  Typical Applications
	8.1.1.4  Design Considerations

	8.1.2  Permeable Dikes
	8.1.2.1  Advantages
	8.1.2.2 Disadvantages
	8.1.2.3  Design Considerations
	Figures 8.1a,b


	8.1.3  Impermeable Dikes
	8.1.3.1 Description
	Figure 8.2

	8.1.3.2  Design Considerations

	8.1.4  Retards
	8.1.4.1  Typical Application
	8.1.4.2  Design Considerations

	8.1.5  Permeable Retards
	Figures 8.3a,b

	8.1.6  Impermeable Retards

	8.2  Other Flow Deflecting Methods
	8.2.1  Iowa Vanes
	8.2.2  Bendway Weirs
	Figures 8.4a,b



	CHAPTER 9:  VEGETATIVE METHODS FOR EROSION PROTECTION
	9.1 Overview
	9.1.1  Fundamental Concepts
	9.1.2 Advantages
	9.1.3  Disadvantages
	9.1.4  Typical Applications


	CHAPTER 10:  CONSTRUCTION OF STABILIZATION WORKS
	10.1  Coordination of Design and Construction
	10.2  Specialized Contract Provisions
	10.2.1  Specificaitons and Bid Items
	10.2.2  Restrictions Imposed by River Conditions
	10.2.3  Preconstruction Verification of Design
	10.2.4  Stone Gradation and Quality
	10.2.5  Specifications for Commercial Products
	10.2.6  Documentation of As-Built Condition

	10.3  Environmental Considerations
	10.4  Specialized Construction Procedures
	10.4.1  Access for Construction Equipment
	10.4.2  Sequence of Construction
	10.4.3  Subaqueous Placement of Stone or Similar Materials
	10.4.4  Procedures for Proprietary Products

	10.5  Site Preparation and Restoration

	CHAPTER 11:  MONITORING AND MAINTENANCE OF STABILIZATION WORKS
	11.1  Importance of Monitoring and Maintenance
	11.2  Monitoring
	11.2.1  Purposes
	11.2.2  Concepts
	11.2.3  Primary Elements
	11.2.3.1  Site Inspection
	11.2.3.2  Site Surveys
	11.2.3.3  Geomorphic Observations
	11.2.3.4  Hydraulic Data
	11.2.3.5  Geotechnical Data
	11.2.3.6  Environmental Aspects

	11.2.4  Frequency of Monitoring
	11.2.5  Personnel
	11.2.6  Points Requiring Special Attention
	11.2.7  Levels of Monitoring Efforts
	11.2.7.1  Level 1 Monitoring
	11.2.7.2  Level 2 Monitoring
	11.2.7.3  Level 3 Monitoring
	11.2.7.4  Level 4 Monitoring
	11.2.7.5  Level 5 Monitoring
	11.2.7.6  Pulsed Monitoring


	11.3  Maintenance
	11.3.1  Determination of Need
	11.3.2  Determination of Method of Repair
	11.3.3  Other Considerations


	CHAPTER 12:  GRADE STABILIZATION
	12.1  Grade Control Concepts
	12.2  Design Considerations for Siting Grade Control Structures
	12.2.1  Hydraulic Considerations
	Figure 12.1

	12.2.2  Geotechnical Considerations
	12.2.3  Flood Control Impacts
	12.2.4  Environmental Considerations
	12.2.5  Existing Structures
	12.2.6  Local Site Conditions
	Figure 12.2

	12.2.7  Downstream Channel Response
	12.2.8  Geologic Controls
	12.2.9  Effects on Tributaries
	12.2.10 Summary

	12.3  Types of Grade Control Structures
	12.3.1  Simple Bed Control Structures
	Figure 12.3
	Figures 12.4a,b

	12.3.2  Structures with Water Cutoff
	Figures 12.5a,b
	Figures 12.6a,b
	Figure 12.7

	12.3.3  Structures with Pre-Formed Scour Holes
	Figure 12.8
	Figure 12.9
	Figure 12.10

	12.3.4  Concrete Drop Structures
	Figure 12.11
	Figure 12.12

	12.3.5  Channel Linings
	Figure 12.13

	12.3.6  Alternative Construction Materials


	CHAPTER 13:  CLOSING
	REFERENCES
	APPENDIX A:  DESIGN PROCEDURE FOR RIPRAP ARMOR
	APPENDIX B:  BIOENGINEERING FOR STREAMBANK EROSION CONTROL - Guidelnes

	WES title page.pdf
	WES Handbook.pdf
	COVER
	INSIDE COVER
	PREFACE
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER 1: INTRODUCTION
	1.1  Purpose
	1.2  Scope

	CHAPTER 2:  FUNDAMENTALS OF FUVIAL GEOMORPHOLOGY AND CHANNEL PROCESSES
	2.1  Fluvial Geomorphology
	2.1.1  Basic Concepts
	2.1.1.1  The Fluvial System
	Figure 2.1

	2.1.1.2  The System is Dynamic
	2.1.1.3  Complexity
	2.1.1.4  Thresholds
	2.1.1.5  Time
	2.1.1.6  Scale

	2.1.2  Landforms
	Figure 2.2
	Table 2.1

	2.1.3  River Mechanics
	2.1.4  River Characteristics and Basic Definitions
	2.1.4.1  Channel Pattern
	Figure 2.3
	Figure 2.4

	2.1.4.2  Channel Geometry and Cross Section
	Figure 2.5
	Figure 2.6
	Figure 2.7
	Figure 2.8

	2.1.4.3  Planform Geometry
	Figure 2.9

	2.1.4.4  Channel Slope

	2.1.5  Relationships in Rivers
	Figure 2.10
	Figure 2.11

	2.1.6  Channel Classification
	Table 2.2
	Figure 2.12
	Table 2.3
	Figure 2.13


	2.2  Channel Stability Concepts
	2.2.1  The Stable Channel
	Figure 2.14

	2.2.2  System Instability
	Figures 2.15a-d
	2.2.2.1  Causes of System Instability
	Figure 2.16
	Figure 2.17
	Figure 2.18

	2.2.2.2  Complexities and Multiple Factors

	2.2.3  Local Instability
	2.2.3.1  Overview of Meander Bend Erosion
	2.2.3.2  Streambank Erosion and Failure Processes
	Figure 2.19
	Figure 2.20
	Figure 2.21
	Figure 2.22
	Figure 2.23
	Figure 2.24
	Figure 2.25
	Figure 2.26
	Figure 2.27
	Figure 2.28
	Figure 2.29
	Figure 2.30
	Figure 2.31
	Figure 2.32
	Figure 2.33
	Figure 2.34



	2.3  Closing

	CHAPTER 3:  GEOMORPHIC ASSESSMENT OF CHANNEL SYSTEMS
	3.1  Geomorphic Assessment of the System
	3.1.1  Data Assembly
	3.1.2  Field Investigation
	3.1.2.1  Introduction
	3.1.2.2  Field Equipment for Stream Reconnaissance
	3.1.2.3  What to Look for in the Field
	Figure 3.1
	Figure 3.2


	3.1.3  Channel Stability Assessment
	3.1.3.1  Identification of Geomorphjically Similar Reaches
	3.1.3.2  Specific Gage Analysis
	Figure 3.3

	3.1.3.3  Comparative Surveys and Mapping
	Figure 3.4

	3.1.3.4  Empirical Methods for Stable Channel Design
	3.1.3.5  Summary of Empirical Channel Design Methods

	3.1.4  Computational Design Methods for Channel Design
	3.1.4.1  SAM
	3.1.4.2  HEC-6
	3.1.4.3  Integration of Results



	CHAPTER 4:  GENERAL APPROACH TO BANK STABILIZATION
	4.1  Consideration of Available Alternatives
	4.1.1  River Basin Management
	4.1.1.1 Land Treatment
	4.1.1.2  Reservoirs

	4.1.2  Bed Stabilization
	4.1.3  Site-Specific Bank Stabilization
	4.1.4  Relocation of Endangered Facility or Stream Channel
	4.1.4.1  Relocation of Endangered Facility
	4.1.4.2  Relocation of Stream Channel

	4.1.5  Non-Structural Solutions
	4.1.5.1  Regulation of Navigation
	4.1.5.2  Regulation of Reservoir Releases


	4.2  Consideration of Other Factors
	4.2.1  Legal and Regulatory Matters
	4.2.2  Broad Environmental Issues
	4.2.2.1  Historical Evolution of Public Perception
	4.2.2.2  Opportunities and Hazards

	4.2.3  Economic Constraints
	4.2.4  Coordination with Other Interested Parties


	CHAPTER 5:  SELECTION OF SITE-SPECIFIC STABILIZATION TECHNIQUES
	5.1  Effectiveness of Alternative  Approaches
	5.1.1  Durability
	5.1.1.1  Required Project Lifespan
	5.1.1.2  Maintenance Requirements and Capability
	5.1.1.3  Climatic Conditions
	5.1.1.4  Debris Loads
	5.1.1.5  Corrosion and Abrasion
	5.1.1.6  Other Hazards

	5.1.2  Adjustment to Bed Scour and/or Bank Subsidence
	5.1.3  River Depths
	5.1.4  Foreshore Limitations
	5.1.5  Channel Alignment
	5.1.6   Impact on Flowlines
	5.1.6.1  Flood Flows
	5.1.6.2  Low Flows

	5.1.7  Impact on Erosion Upstream and Downstream

	5.2  Environmental Considerations
	5.2.1  Potential Environmental Impacts
	5.2.1.1  Aquatic Wildlife Habitat
	5.2.1.2  Terrestrial Wildlife Habitat
	5.2.1.3  Recreation
	5.2.1.4  Aesthetics
	5.2.1.5  Cultural Resources

	5.2.2  Environmental Objectives
	5.2.2.1  Preserve or Improve Wildlife Habitat
	5.2.2.2  Avoid Disturbance of Endangered Fish and Wildlife
	5.2.2.3  Preserve or Improve Recreational Opportunities
	5.2.2.4 Preserve Natural Aesthetics
	5.2.2.5  Preserve Cultural Resources


	5.3  Economic Factors
	5.3.1  Cost of Alternative Techniques
	5.3.2  Available Resources
	5.3.2.1  Funds
	5.3.2.2  Labor
	5.3.2.3  Materials
	5.3.2.4  Equipment

	5.3.3  Feasibility of Incremental Construction
	5.3.3.1  Vertical Increments
	5.3.3.2  Horizontal Increments


	5.4  Application
	Table 5.1
	Table 5.2


	CHAPTER 6:  GENERAL PRINCIPLES OF EROSION PROTECTION
	6.1  Applied Geomorphology
	6.1.1  Upstream and Downstream Limits of Work
	6.1.1.1  Prediction of Channel Migration
	Figure 6.1
	Figure 6.2

	6.1.1.2  Minimum Length of Protection
	Figure 6.3

	6.1.1.3  Other Considerations
	6.1.1.4  Special Considerations for Braided Streams

	6.1.2  Channel Alignment
	6.1.2.1  Preferred Choice
	6.1.2.2 Possible Exceptions


	6.2  Hydraulics
	6.2.1  Design Discharge
	6.2.2  Tractive Force and Permissible Velocity
	6.2.3  Secondary Currents
	6.2.4  Variations in River Stage
	6.2.5  Top Elevation of Protection
	Figure 6.4
	6.2.5.1  Stage Duration
	6.2.5.2  Severity of Overbank Flow During Floods
	6.2.5.3  Erodibility of Upper Bank Material
	6.2.5.4  Type of Protection and Slope of the Bank
	6.2.5.5  Consequences of Failure

	6.2.6  Wave, Vessel, and Ice Forces
	6.2.7  Prediction of Toe Scour

	6.3  Toe Protection
	6.3.1  Basic Options
	6.3.2  Specific Guidance for Various Techniques
	6.3.2.1  Stone Armor
	6.3.2.2 Other Self-Adjusting Armor
	6.3.2.3  Rigid Armor
	6.3.2.4  Flexible Mattress
	6.3.2.5  Dikes
	6.3.2.6 Retards
	6.3.2.7  Other Flow Deflectors
	6.3.2.8 Vegetative Bank Protection
	6.3.2.9  Retaining Wall


	6.4 Surface Drainage
	Figure 6.5

	6.5  Manufacturers' Recommendations
	6.6  Safety Factor

	CHAPTER 7:  SURFACE ARMOR FOR EROSION PROTECTION
	7.1  Stone Armor
	7.1.1  Riprap Blanket
	7.1.2  Trenchfill
	7.1.2.1  Description
	Figure 7.1
	Figure 7.2

	7.1.2.2  Advantages
	7.1.2.3  Disadvantages
	7.1.2.4  Typical Application
	7.1.2.5  Design Considerations

	7.1.3  Windrow
	7.1.3.1  Description
	Figure 7.3
	Figure 7.4
	Figure 7.5
	Figure 7.6

	7.1.3.2  Advantages
	7.1.3.3  Disadvantages
	7.1.3.4  Typical Applications
	7.1.3.5  Design Considerations

	7.1.4  Longitudinal Stone Toe
	7.1.4.1  Description
	7.1.4.2  Advantages
	7.1.4.3  Disadvantages
	7.1.4.4  Typical Applications
	7.1.4.5 Design Considerations
	Figure 7.7
	Figure 7.8
	Figure 7.9
	Figure 7.10
	Figure 7.11



	7.2  Other Self-Adjusting Armor
	7.2.1  Concrete Blocks
	7.2.1.1  Description
	7.2.1.2  Advantages
	7.2.1.3  Disadvantages
	7.2.1.4  Typical Applications
	7.2.1.5  Design Considerations

	7.2.2 Sacks
	7.2.2.1  Description
	7.2.2.2 Advantages
	7.2.2.3  Disadvantages
	7.2.2.4  Typical  Applications
	7.2.2.5  Design Considerations
	Figure 7.12


	7.2.3  Soil-Cement Blocks
	7.2.3.1  Description
	7.2.3.2  Advantages
	7.2.3.3  Disadvantages
	7.2.3.4  Typical Application
	7.2.3.5  Design Considerations

	7.2.4  Rubble from Demolition
	7.2.4.1  Description
	7.2.4.2  Advantages
	7.2.4.3  Disadvantages
	7.2.4.4  Typical Applications
	7.2.4.5  Design Considerations

	7.2.5  Slag from Steel Furnaces
	7.2.5.1  Description
	7.2.5.2  Advantages
	7.2.5.3  Disadvantages
	7.2.5.4  Typical Applications
	7.2.5.5  Design Considerations

	7.2.6  Automobile Bodies

	7.3 Rigid Armor
	7.3.1  Asphalt
	7.3.2 Concrete
	7.3.3  Grouted Armor
	7.3.4  Soil-Cement
	Figure 7.13

	7.3.5  Chemical Soil Stabilization
	7.3.6  Clay Blanket

	7.4  Flexible Mattresses
	7.4.1  Concrete Block Mattress
	7.4.1.1  Design Considerations

	7.4.2  Fabric Mattress
	7.4.2.1  Description
	7.4.2.2  Advantages
	7.4.2.3  Disadvantages
	7.4.2.4  Design Considerations

	7.4.3  Gabion Mattress
	7.4.3.1  Description
	7.4.3.2  Advantages
	7.4.3.3  Disadvantages
	7.4.3.4  Design Consideration

	7.4.4  Grid Confinement
	7.4.4.1  Description
	7.4.4.2  Advantages
	7.4.4.3  Disadvantages
	7.4.4.4  Design Considerations

	7.4.5  Used-Tire Mattress
	7.4.5.1  Description
	7.4.5.2  Advantages
	7.4.5.3  Disadvantages
	7.4.5.4  Design Considerations

	7.4.6  Wooden Mattress
	7.4.6.1  Description
	7.4.6.2  Advantages
	7.4.6.3  Disadvantages
	7.4.6.4  Design Considerations



	CHAPTER 8:  INDIRECT TECHNIQUES FOR EROSION PROTECTION
	8.1  Dikes and Retards
	8.1.1  Dikes
	8.1.1.1 Advantages
	8.1.1.2  Disadvantages
	8.1.1.3  Typical Applications
	8.1.1.4  Design Considerations

	8.1.2  Permeable Dikes
	8.1.2.1  Advantages
	8.1.2.2 Disadvantages
	8.1.2.3  Design Considerations
	Figures 8.1a,b


	8.1.3  Impermeable Dikes
	8.1.3.1 Description
	Figure 8.2

	8.1.3.2  Design Considerations

	8.1.4  Retards
	8.1.4.1  Typical Application
	8.1.4.2  Design Considerations

	8.1.5  Permeable Retards
	Figures 8.3a,b

	8.1.6  Impermeable Retards

	8.2  Other Flow Deflecting Methods
	8.2.1  Iowa Vanes
	8.2.2  Bendway Weirs
	Figures 8.4a,b



	CHAPTER 9:  VEGETATIVE METHODS FOR EROSION PROTECTION
	9.1 Overview
	9.1.1  Fundamental Concepts
	9.1.2 Advantages
	9.1.3  Disadvantages
	9.1.4  Typical Applications


	CHAPTER 10:  CONSTRUCTION OF STABILIZATION WORKS
	10.1  Coordination of Design and Construction
	10.2  Specialized Contract Provisions
	10.2.1  Specificaitons and Bid Items
	10.2.2  Restrictions Imposed by River Conditions
	10.2.3  Preconstruction Verification of Design
	10.2.4  Stone Gradation and Quality
	10.2.5  Specifications for Commercial Products
	10.2.6  Documentation of As-Built Condition

	10.3  Environmental Considerations
	10.4  Specialized Construction Procedures
	10.4.1  Access for Construction Equipment
	10.4.2  Sequence of Construction
	10.4.3  Subaqueous Placement of Stone or Similar Materials
	10.4.4  Procedures for Proprietary Products

	10.5  Site Preparation and Restoration

	CHAPTER 11:  MONITORING AND MAINTENANCE OF STABILIZATION WORKS
	11.1  Importance of Monitoring and Maintenance
	11.2  Monitoring
	11.2.1  Purposes
	11.2.2  Concepts
	11.2.3  Primary Elements
	11.2.3.1  Site Inspection
	11.2.3.2  Site Surveys
	11.2.3.3  Geomorphic Observations
	11.2.3.4  Hydraulic Data
	11.2.3.5  Geotechnical Data
	11.2.3.6  Environmental Aspects

	11.2.4  Frequency of Monitoring
	11.2.5  Personnel
	11.2.6  Points Requiring Special Attention
	11.2.7  Levels of Monitoring Efforts
	11.2.7.1  Level 1 Monitoring
	11.2.7.2  Level 2 Monitoring
	11.2.7.3  Level 3 Monitoring
	11.2.7.4  Level 4 Monitoring
	11.2.7.5  Level 5 Monitoring
	11.2.7.6  Pulsed Monitoring


	11.3  Maintenance
	11.3.1  Determination of Need
	11.3.2  Determination of Method of Repair
	11.3.3  Other Considerations


	CHAPTER 12:  GRADE STABILIZATION
	12.1  Grade Control Concepts
	12.2  Design Considerations for Siting Grade Control Structures
	12.2.1  Hydraulic Considerations
	Figure 12.1

	12.2.2  Geotechnical Considerations
	12.2.3  Flood Control Impacts
	12.2.4  Environmental Considerations
	12.2.5  Existing Structures
	12.2.6  Local Site Conditions
	Figure 12.2

	12.2.7  Downstream Channel Response
	12.2.8  Geologic Controls
	12.2.9  Effects on Tributaries
	12.2.10 Summary

	12.3  Types of Grade Control Structures
	12.3.1  Simple Bed Control Structures
	Figure 12.3
	Figures 12.4a,b

	12.3.2  Structures with Water Cutoff
	Figures 12.5a,b
	Figures 12.6a,b
	Figure 12.7

	12.3.3  Structures with Pre-Formed Scour Holes
	Figure 12.8
	Figure 12.9
	Figure 12.10

	12.3.4  Concrete Drop Structures
	Figure 12.11
	Figure 12.12

	12.3.5  Channel Linings
	Figure 12.13

	12.3.6  Alternative Construction Materials


	CHAPTER 13:  CLOSING
	REFERENCES
	APPENDIX A:  DESIGN PROCEDURE FOR RIPRAP ARMOR
	APPENDIX B:  BIOENGINEERING FOR STREAMBANK EROSION CONTROL - Guidelnes



