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EXECUTIVE SUMMARY

APPROACHES TO THE DESIGN OF
BIOTECHNICAL STREAMBANK
STABILIZATION: VOLUME II—

A FIELD ASSESSMENT

Introduction

As part of a larger project to develop guidelines for the design of

biotechnical streambank stabilization for the Indiana Department

of Transportation (INDOT), a field assessment was undertaken of

26 sites, of which half were INDOT sites. Non-INDOT sites were

considered in order to broaden the sample, particularly to include

older, more fully established sites. This was important as

vegetation techniques require several years to mature and become

fully established, and examination of older sites permitted some

long-term assessment. Multiple techniques were often installed in

combination, which resulted in 47 samples of 12 different

techniques at the 26 sites. Each site was visited at least once and

the measures were visually inspected for evidence of damage either

to the measure or to the streambank being protected. Field

assessments were supplemented by interviews with designers

involved in the INDOT projects. The general merits of biotechnical

techniques were discussed together with those of specific techni-

ques that might be included in a standard design. For one INDOT

project, use was also made of annual monitoring reports.

Findings

The assessment resulted in grouping the techniques into three

categories (see table below): (i) typically reliable techniques that

could be used where tolerance for bank instability is very low, and

generally involving hard armor, (ii) potentially reliable techniques

where the tolerance for bank instability is low to moderate, and

(iii) techniques appropriate only for special circumstances or to be

used only in combination with measures from the other two

groups.

In the table, ‘‘minor’’ and ‘‘major’’ problems are identified for

each of the streambank stabilization measures and summarized by

site. Minor problems are small in extent (a few feet) with minimal

impact on overall bank stability. For example, poor plant growth

without any significant erosion would be classified as a minor

problem. A major problem implies that bank instability was

judged a likely future result, or that the measure failed over an

extensive area. When multiple measures were present at a single

site, they were assessed separately where possible.

Percentages in the table are simply based on the number of sites

with problems, i.e. [number of sites with problems] / [number of

valid sites]. Every site is therefore weighted equally and the

percentage does not take into account the size of the site (length of

protection measure) or the flow intensity. For example, vegetated

soil lifts tended to be installed at sites with severe erosion and steep

banks, i.e., at sites with the most difficult problems, but this is not

reflected in the percentages. The percentages provide a simple

quantification of the results, should be interpreted cautiously, and

should not be considered an absolute ranking system.

Costs in the table are relative to other protection measures

within the same category. For example, a medium relative cost

ranking for joint planting does not necessarily imply that joint

planting is more expensive than using a permanent mat, which

received a low ranking, because the two techniques are not in the

same category. Where costs were not available, literature was

consulted.

Implementation

The field assessment (including interviews with designers)

reported herein will be used to develop design guidelines for

biotechnical techniques for streambank stabilization to be

included in INDOT standards.

Summary of technique assessments.

Protection Measure No. of Sites No. of INDOT Sites

% Minor

Prob.

% Major

Prob. Relative Cost

I. Typically reliable measures—potentially suitable near structures

Joint Planting 2 0 0% 0% Medium

Articulated Concrete Mat 2 2 50% 0% High

II. Potentially reliable measures—for low risk areas (used with hard toe)

Regrading (with permanent or temporary erosion mat) 2 2 50% 0% Variable

Permanent Mat (and seeding) 6 3 0% 17% Low

Vegetated Soil Lifts (with hard toe) 8 3 75% 38% High

Insufficient evidence: Cellular Soil Confinement System 1 0 100% 0% n/a

III. Measures used under special conditions or in conjunction with other measures

Live Stakes 11 6 18% 0% Low

Rootwads 4 2 50% 25% High

Vegetated Coir Roll 8 4 88% 25% Med-high

Tree Revetment 1 1 100% 100% High

Cribwall 1 0 100% 100% High

Live Fascines 1 1 100% 100% Medium



CONTENTS

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2. PERFORMANCE EVALUATION BY TECHNIQUE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.1 Joint Planting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.2 Articulated Concrete Mat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3 Regrading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.4 Turf Reinforcement Mat (TRM) or Permanent Mat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.5 Vegetated Soil Lifts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.6 Cellular Soil Confinement System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.7 Live Stakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.8 Rootwads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.9 Coir Roll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.10 Tree Revetment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.11 Cribwall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.12 Live Fascines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3. SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.1 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

APPENDIX A. INDOT SITE ASSESSMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
A.1 Des 0710568—Boonesville SR 62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
A.2 Des 0101234—Sly Run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
A.3 Des 1005457—West Fork White River I-69 Mitigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
A.4 Des 0901664—Prophetstown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
A.5 Des 1006088—Adams Mill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
A.6 Des 0101527—US 27 Over Spy Run Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
A.7 Des 0101234—Cool Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
A.8 Des 1005275—US 231 (ATS-FW-25944) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
A.9 Des 0902222—Union Chapel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
A.10 I-70 Six Points Stream Mitigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
A.11 Des 0011110—Salem Bypass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
A.12 Des 0200872—SR 331 (ATS-FW-25533) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
A.13 Des 0901414—Wildcat Creek, Jerome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

APPENDIX B. NON-INDOT SITE ASSESSMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
B.1 ATS-FW-24043 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
B.2 ATS-FW-22441 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
B.3 ATS-FW-21983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
B.4 ATS-FW-25392 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
B.5 ATS-FW-26946 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
B.6 ATS-FW-23611 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
B.7 ATS-FW-23657 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
B.8 ATS-FW-25635 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
B.9 ATS-FW-25889 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
B.10 ATS-FW-20180 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
B.11 ATS-FW-19482 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
B.12 ATS-FW-25679 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
B.13 ATS-FW-20025 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45



LIST OF TABLES

Table Page

Table 2.1 Joint planting site performance summary 3

Table 2.2 Articulated concrete mat site performance summary 4

Table 2.3 Regrading site performance summary 4

Table 2.4 Permanent mat site performance summary 5

Table 2.5 Soil lift site performance summary 6

Table 2.6 Cellular soil confinement system site performance summary 7

Table 2.7 Live stakes site performance summary 8

Table 2.8 Rootwad site performance summary 9

Table 2.9 Coir roll site performance summary 10

Table 2.10 Tree revetment site performance summary 11

Table 2.11 Cribwall site performance summary 11

Table 2.12 Live fascine site performance summary 12

Table 3.1 Summary of technique assessments 12



LIST OF FIGURES

Figure Page

Figure 1.1 Sites inspected 1

Figure 2.1 Joint planting 3

Figure 2.2 Articulated concrete mats from site A.1 (left) and site A.2 (right) 4

Figure 2.3 Vegetated soil lift; additional soil lift sketches are available in Appendix A 6

Figure 2.4 Stacked cellular soil confinement system 7

Figure 2.5 Live stakes 8

Figure 2.6 Rootwad; see Appendix A for additional sketches 9

Figure 2.7 Typical vegetated coir roll installation 10

Figure 2.8 Cribwall 11

Figure A.1 Plan sheet excerpt with articulated concrete mat outlined in pink 14

Figure A.2 Sediment deposition on top of articulated concrete matting, under the bridge 14

Figure A.3 Vegetation growth comparison. The left photo was taken from on top of the bridge, while the right photo was taken

from below the bridge 2 years later 14

Figure A.4 Exposed cables and geotextile at toe 16

Figure A.5 Exposed cables at upper end of protection 16

Figure A.6 Articulated concrete mat installation at Sly Run 16

Figure A.7 Typical articulated mat installation from construction plans 16

Figure A.8 Sly Run site inspection notes and channel change layout 17

Figure A.9 Permanent turf mat 17

Figure A.10 One of the bank stabilization typical sections from the construction plans 17

Figure A.11 Permanent turf reinforcement mat detail from construction plans 18

Figure A.12 Example of poor live fascine growth (photos may not be at the same location) 19

Figure A.13 Live stake 19

Figure A.14 Typical section for bank stabilization 20

Figure A.15 Localized bank failure 20

Figure A.16 Excerpt from construction plans with ScourStop boundaries highlighted 21

Figure A.17 Profile view excerpt from construction plans with ScourStop highlighted 21

Figure A.18 Center of relief channel installed in May 2012 22

Figure A.19 Additional ScourStop panels added in September 2012 22

Figure A.20 ScourStop mat and erosion control blanket pre- (left) and post- (right) flood 22

Figure A.21 ScourStop panel (shown in inset) removed by large tree 22

Figure A.22 Upstream right bank, early winter 24

Figure A.23 Upstream left bank. Left: early winter; Right: early spring looking upstream 24

Figure A.24 Vegetated coir log design cross section 24

Figure A.25 Soil washed through fabric and low growth 25

Figure A.26 Vegetated soil lifts at Cool Creek 26

Figure A.27 Conceptual soil lift design sketch from permit drawings 26

Figure A.28 Stream bank stabilization detail 26

Figure A.29 Protected bank on November 1, 2013 26



Figure A.30 Erosion between coir logs 26

Figure A.31 Plan view of rootwad revetment 29

Figure A.32 Section view of rootwad revetment 29

Figure A.33 Rootwad revetment 29

Figure A.34 Recently installed soil lift adjacent to older soil lift 31

Figure A.35 Soil lift typical drawing from original construction plans 31

Figure A.36 Possible remnants of soil lifts 31

Figure A.37 Erosion between rootwads 32

Figure A.38 Rootwad revetment typical of plan view from original construction drawings 32

Figure A.39 Side view of rootwad from original construction plans 32

Figure A.40 Vegetated coir roll detail from construction plans 33

Figure A.41 Bank protection detail with vegetated coir log 35

Figure A.42 Vegetated coir roll at left and permanent mat at right 35

Figure A.43 Cabled log detail from construction plans 36

Figure A.44 Cabled log construction photos 36

Figure A.45 Cabled logs post-flood 36

Figure B.1 Vegetated riprap at the toe of a sloped concrete wall 38

Figure B.2 Gabion baskets and potential soil lifts and joint plantings 38

Figure B.3 Stabilized bank 39

Figure B.4 Cellular soil confinement system bank stabilization 40

Figure B.5 Inadequate coir roll tie-downs 40

Figure B.6 Exposed geotextile and geogrid from erosion 41

Figure B.7 Soil washed out from temporary erosion control blanket 42

Figure B.8 Pre- and post-construction site photos 43

Figure B.9 Washed-out lower soil lifts in the foreground, and sound soil lifts in the background 43

Figure B.10 Rootwads 44

Figure B.11 Potential washed-out cribwall site (top), with close-up view of footer log (bottom) 46



1. INTRODUCTION

The Indiana Department of Transportation (INDOT)
has made use of stream-bank stabilization techniques
other than riprap, primarily to satisfy stream mitigation
requirements. INDOT does not currently include any of
these alternative techniques in its Design Manual or in its
Standard Specifications. With growing regulatory pres-
sures, the absence of a more systematic response may
result in project delays or additional costs due to
mitigation requirements. Whereas conversely its presence
may expedite the permitting process, minimize the need for
mitigation, and reduce INDOT’s overall impact footprint.

Developing guidance that can be incorporated into the
INDOT Design Manual, Standard Specifications, and
Standard Drawings requires evaluating the effectiveness
and appropriateness of bank stabilization alternatives to
riprap (or other ‘‘hard’’ measures) within the Indiana
context. This field assessment identifies the most effective
techniques, or the techniques that may be of greatest
interest to INDOT. Because of the limited number of
INDOT sites available for assessment, additional sites
were identified using Indiana Department of Natural

Resources (IDNR) permit records. Sites that had
implemented multiple techniques, or techniques that
seemed promising for INDOT applications, were given
priority during the selection process. A sample total of 47
biotechnical engineering techniques were assessed at 26
different sites, 13 of which were INDOT sites. The 26
sites were designed by 19 different entities and their
locations are shown in Figure 1.1.

The effectiveness of each streambank stabilization
technique is evaluated in section 2, and common
problems are identified. Details about each site inspection
are provided in the appendices. It should be emphasized
that the main criterion for effectiveness concerned
streambank protection or stabilization. Effectiveness in
other regards, such as enhancement of habitat, was not
considered. The techniques have been grouped into three
categories and are discussed in the following order:

1. Typically reliable measures—potentially suitable near

structures

a. Joint Planting

b. Articulated Concrete Mat

A1
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B5
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Figure 1.1 Sites inspected.
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2. Potentially reliable measures—for lower risk areas

a. Regrading

b. Permanent Mat

c. Vegetated Soil Lift

d. Cellular Soil Confinement System

3. Measures used under special conditions or in conjunction

with other measures

a. Live Stakes

b. Rootwads

c. Vegetated Coir Roll

d. Tree Revetment

e. Cribwall

f. Live Fascines

Experts from three consulting firms (which were
recommended by INDOT or regulatory agencies) with
significant experience designing biotechnical engineered
bank stabilization projects, were interviewed as part of
this study. Interviews were conducted after most of the
site inspections had been completed; these engineers
designed 4 of the 26 sites inspected. Their comments are
incorporated into the technique evaluations presented
in this report. Comments that were general in nature or
not addressed elsewhere in the report are listed below:

N Bioengineered stream bank methods should only be used

in areas where stream bank movement can be tolerated;

every method fails sometime.

N Quality workmanship during installation and knowledge-

able contractors are critical to the success of biotechnical

engineered techniques (regulators also emphasized the

importance of quality installation).

N Specifications based on velocity or shear stress are

preferred.

N Upstream and downstream impacts should be evaluated

where possible (this was also important to regulators).

N Guidance should be provided (perhaps in the form of

specifications) with sufficient information for the inspec-

tor and the contractor to evaluate if the installation was

completed correctly (such guidance was also recommended

by regulators).

N A hard toe should almost always be used.

Each interviewee was also asked which techniques they
felt were the most reliable. All of the consultants
independently selected techniques from the ‘‘typically
reliable measures’’ and ‘‘potentially reliable measures’’
categories, which were defined based on our field
assessments. None of the consultants selected methods
outside of these categories. The order in which the
consultants ranked the techniques differed, and none of
the consultants selected every method, but every
method from the two categories was selected by at
least one consultant. All of the consultants included
regrading with planting as a reliable method. Regrading
was not one of the methods originally pursued at the
onset of this study, and as a result few sites were
inspected that included this method. Positive feedback
from the interviews provided sufficient evidence to rank
this method favorably.

2. PERFORMANCE EVALUATION BY
TECHNIQUE

‘‘Minor’’ and ‘‘major’’ problems are identified for
each of the streambank stabilization measures and sum-
marized by site in a table for each technique. ‘‘Minor’’
problems are small in extent (a couple of feet) and have
a small impact on the overall stability of the bank. For
vegetative techniques, very poor plant growth without
erosion might also be ranked as a ‘‘minor’’ problem,
since there is no net benefit. A ‘‘major’’ problem implies
that bank instability could result if not corrected, or
that the protection measure has failed over a substantial
area (i.e., more than a few feet). When multiple pro-
tection measures were present at a site, they were
assessed separately where possible.

2.1 Joint Planting

2.1.1 Description of Technique

Joint planting is driving live cuttings through the joints
or gaps between rock revetment and into the underlying
soil, as illustrated in Figure 2.1. Joint planting is a
vegetated riprap technique that specifically implies live
staking within the riprap.

2.1.2 Application, Site Conditions, and Objectives

Eroded banks were stabilized with riprap near the
toe. At one site gabions were used above the riprap and
at another site concrete walls were used in some
locations above the riprap. At both sites the riprap
was vegetated by additional plants, either intentionally
or naturally. Neither of the sites were INDOT projects.

2.1.3 Performance Evaluation

Although only two sites were inspected that had joint
plantings (see Table 2.1), and there was no clear
evidence that the live stakes contributed to the success
of these sites, the bank stabilization was effective.
Riprap is a well-established bank stabilization techni-
que with adequate design guidelines to ensure an
acceptable level of confidence. Furthermore, several
sites with live cuttings staked into bare earth were
inspected (see section 2.7). Although live stakes
frequently had low growth success rates at these sites,
they did not contribute to erosion problems and are not
expected to have significant adverse effects on riprap.

Several benefits have been attributed to joint
planting, including long term soil strength, improved
soil drainage, enhanced habitat by providing shade,
increased deposition by adding roughness, accelerat-
ing the development of riparian vegetation, and
preventing fines from washing out. While sufficient
data were not available to substantiate these claims,
some benefit does seem likely. The same challenges
noted in section 2.7 for live staking will apply, with
additional costs and labor effort, and perhaps lower
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vegetation success rates, to live stakes within riprap.
In spite of these limitations, one of the more ex-
perienced consultants interviewed for this project
recommended rock revetment with joint planting as
one of the most reliable techniques.

2.2 Articulated Concrete Mat

2.2.1 Description of Technique

Articulated concrete mats (also termed articulating
concrete blocks) are composed of individual blocks of
concrete that are connected to each other by cables or
interlocking joints. Both of the sites assessed during the
present study used blocks, depicted in Figure 2.2, of the
former type with locking cables that enabled them to
perform as single concrete mat. A wide variety of block
shapes and sizes are commercially available. The photo on
the right in Figure 2.2 is sometimes termed an open-cell
block, while the image at the left might be termed closed-
cell, but both are designed to encourage vegetation to
grow in the voids.

2.2.2 Application, Site Conditions, and Objectives

Both of the sites inspected were INDOT sites and in
both cases the articulated concrete mats were installed
to protect newly constructed bridges. Articulated
concrete mats were installed upstream, downstream,
and underneath both bridges from the toe (at site A.1
the mats only extended to the toe in some locations) to
the top of the bank. At site A.1 articulated concrete
mats were only installed along one of the banks and
riprap was installed on the opposite bank (refer to
Appendix A for site layout schematics).

2.2.3 Performance Evaluation

None of the concrete blocks had been damaged or
dislodged and the underlying banks were stable. At the
downstream transition to the natural banks minor
erosion was visible at one of the sites. At both sites
cables protruded from the blocks along the edges of the
mat. While this may not necessarily create an erosion
problem it may be a tripping hazard and woody debris
could potentially catch on the loops. These findings are
summarized in Table 2.2.

In general, bank protection using articulated concrete
mat is anticipated to be adequate for a wide range of flow
conditions, provided that the end transitions are well
designed. The benefits of articulated concrete matting,
when compared to joint planted riprap, were not always
obvious and may depend on site conditions. One
consultant interviewed suggested that from a biology
perspective articulated blocks are essentially the same as
riprap, but speculated that they may have some engineering
strength benefits. One regulator suggested that some types
of articulated concrete matting are better for wildlife to
walk on than riprap. It is possible to design riprap to be
self-healing by installing excess riprap that rolls into scour
holes as they are formed. While this is not possible with

Figure 2.1 Joint planting.

TABLE 2.1
Joint planting site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

B.1 No No

B.2 No No It was difficult to identify which

plants were from staking; gabions

may also have been staked
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articulated concrete, the blocks can conform to changing
banks to some extent due to articulation. At sites where
movement is undesirable they may have an advantage over
riprap. At many sites the primary disadvantage of using
articulated blocks instead of riprap appears to be cost.

2.3 Regrading

2.3.1 Description of Technique

Regrading is reshaping the banks to a more stable
configuration, and typically involves cutting and remov-
ing portions of the bank to create milder slopes and
stabilizing those slopes with a riprap toe. Regrading
expands the width of the stream, thereby reducing mean
velocities. The newly disturbed soil must be protected,
which is almost always achieved by seeding. The seed is
frequently protected in its infancy with temporary
erosion control blankets and may be protected perma-
nently with mats or blankets described in section 2.4.

2.3.2 Application, Site Conditions, and Objectives

Regrading is a well-established technique used frequently
by INDOT in roadway construction, and less frequently
for streambanks. Because contractors and designers are
already comfortable to some extent with this technique,
and because it has already proven to be effective, it was not
actively pursued for site assessments. The sites that were
inspected were selected because of the use of live stakes,
fascines, and permanent mats at those sites.

Both of the sites inspected were offsite mitigation
projects with extensive regrading along the banks of
large rivers. Both sites were designed by the same
consulting firm, which did not respond to our request

for an interview. Between the two sites, about 1.5 miles
of streambank were regraded and stabilized.

2.3.3 Performance Evaluation

The sites that were inspected are summarized in
Table 2.3 and field assessment reports are included in
Appendix A. No erosion was observed at site A.3 since
it had not yet been submerged. Site A.4 on the other
hand was completely submerged multiple times. At
small localized locations the soil appeared to have
washed out from beneath the bottom of the temporary
erosion control blanket. This could have been pre-
vented by extending the blanket under the geotextile,
which was placed below the riprap, and anchoring the
bottom of the blanket. Additional minor patches of
erosion were visible throughout the project, none of
which seemed to pose a serious bank stability threat. It
is possible that this erosion was an indirect result of
disturbing or otherwise complicating the regrading
process by introducing live fascine trenches.

All of the consultants interviewed advocated regrading
the banks to a stable slope, vegetating them, and
stabilizing them with a stone toe as one of the more
reliable bank protection measures. One consultant inter-
viewed suggested that the appropriate grade of a slope
should be determined by a natural nearby reference reach.
For severe cases a permanent mat is recommended on top
of the graded slope, which is discussed in section 2.4.

2.4 Turf Reinforcement Mat (TRM) or Permanent Mat

2.4.1 Description of Technique

There are a wide variety of permanent mats commer-
cially available. They are sometimes referred to as rolled

Figure 2.2 Articulated concrete mats from site A.1 (left) and site A.2 (right).

TABLE 2.2
Articulated concrete mat site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

A.1 No No Poor tie-in to ground; protruding

ropes

A.2 Yes No End scour at downstream

transition to unprotected bank

TABLE 2.3
Regrading site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

A.3 No No New site that had not yet been

submerged

A.4 Yes No Minor bank erosion
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erosion control products (RECP), turf reinforcement
mats (TRM), and permanent erosion control mats; some
mats are not rolled but are ridged. There are also a wide
variety of temporary erosion control blankets that are
biodegradable or have a narrow usable lifespan. This
section does not evaluate these temporary blankets, but
is restricted to permanent mats.

Permanent mats are laid over the top of seeded soil
(and in less common cases sod) and anchored to the
earth with metal staples or other anchoring systems (for
an example of a typical mat see Figure A.9). The mats
protect the bare earth by absorbing hydraulic erosive
forces and trapping soil particles. They also protect seed
and young plants, which promotes vegetation growth
through the mats and eventually allows the vegetation
to contribute to slope stability. The mats have long
lifespans and are not considered biodegradable.

2.4.2 Application, Site Conditions, and Objectives

Permanent mats were installed at several sites with a
range of slopes, elevations, stream sizes and stream
velocities. Many of the mats were installed in conjunc-
tion with other protection measures, such as vegetated
coir rolls, and some were the only protection measure
(other than a rock toe). Most of the sites had experienced
prior bank erosion and the permanent mats were
installed to prevent further erosion and to restore
riparian vegetation on the banks, but some mats were
installed as a result of new construction disturbances.

2.4.3 Performance Evaluation

All of the sites inspected, with the exception of one,
utilized non-ridged rolled mats. The site with the ridged
mat was A.5, which installed ScourStop. This was the
only site that experienced major problems, but it was also
one of the streams with the highest velocities and where
large woody debris was most prevalent. In general,
problems observed at the sites were caused by inadequate
tie-in at the toe or by woody debris. Table 2.4 shows a list
of sites with permanent mats; note that the aforemen-
tioned site was the only site with major problems.

The ScourStop at site A.5 failed because it was
pulled out by large woody debris floating downstream
during a flood. At other sites temporary erosion control

mats have also reportedly been damaged by woody
debris. Perhaps established vegetation could prevent
mats from being damaged in some cases, but damage
may be impractical to prevent.

Additional problems were not observed during site
assessments, but some of the experienced consultants
had some advice to offer. One consultant observed that
ScourStop and similar mats are hard to get good growth
through. Another consultant interviewed said that
anchoring should be a high priority and outlined in a
specifications. One regulator suggested that permanent
mats with very small holes in the mesh are less proble-
matic for wildlife than larger openings, but he was
unsure if mats with very large holes (e.g., ScourStop)
were problematic.

Standard tests are available for testing RECP and
many manufactures provide installation guidelines and
permissible shear stress values. This information sim-
plifies design and provides an added measure of con-
fidence. The widespread use of these products also
increases reliability. These benefits may have contrib-
uted to the success of the permanent mats inspected for
the present study. In the absence of woody debris, when
installed correctly one can expect permanent mats to
provide predictable bank protection.

2.5 Vegetated Soil Lifts

Vegetated soil lifts are referred to by several different
names, including wrapped soil vegetative mechanically
stabilized earth (VSME), vegetated reinforced soil, vege-
tated geogrid, vegetated reinforced soil slope (VRSS),
vegetated soil wraps, and vegetated soil encapsulated lifts.
Frequently the term ‘‘vegetated’’ is omitted from the name,
although vegetation is almost always implied.

2.5.1 Description of Technique

Soil lifts are constructed by wrapping successive
layers of compacted soil in geotextile fabric as
illustrated in Figure 2.3. The fabric provides structural
stability for the soil, permitting construction of steeper
slopes than are possible with bare earth. Most of the
projects inspected used biodegradable coir (coconut
husk fiber) netting for wrapping the soil, but occasion-
ally synthetic mesh geotextiles were observed. Jute
netting can also be used as a geotextile, but was not
observed at any of the sites. Hay, straw, burlap, or coir
fibers are typically used under the coir netting to
prevent fines from escaping through the holes in the
net. These inner materials are temporary and had
frequently biodegraded or washed out prior to our site
visits, such that the type of material could not always be
identified. Some projects incorporated additional inter-
nal horizontal layers of non-biodegradable geogrids to
improve soil strength.

All of the sites inspected were designed with a
vegetative component, and in all cases a riprap or
natural rock toe was constructed at the base of the soil
lifts. The rock toe was necessary to provide a stable

TABLE 2.4
Permanent mat site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

B.3 No No

B.4 No No

B.5 No No

A.5 No Yes Pulled up by floating tree from

upstream; some anchors pulled out

and some anchor cables broke

A.3 No No

A.6 No No
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foundation and bank protection in regions where
vegetation could not grow due to continual submer-
gence. Vegetation typically consisted of a seed mixture
and additional woody plantings. Containerized and
bare root plantings were less common, while dormant
live cuttings were used frequently as live stakes (see
section 2.7) or brushlayering. One consultant inter-
viewed preferred shrubs over trees as being more
bendable. At some sites live stakes were used to help
secure the geotextile fabric and tie together successive
lifts of soil. At other sites brushlayers were created by
laying horizontal cuttings between successive soil
wraps. Presumably the intent of brushlayering was to
provide soil drainage and to bind the soil layers
together as growth developed. One consultant who
seemed to prefer brushlayering said that he uses live

stakes when soil lifts need to be constructed during the
summer season, since willow whips cannot grow; the
soil lifts were constructed without brushlayering and
staked later during the planting season.

2.5.2 Application, Site Conditions, and Objectives

At all sites inspected, the purpose of installing soil
lifts was to correct previous bank stability or erosion
problems, with the exception of the site A.10 which
used soil lifts to stabilize a newly formed channel
realignment. The severity of erosion ranged from minor
to banks eroded inland up to 50 ft (as in site B.6). In
most cases an attempt was made to restore the banks to
their original location; both imported soil and onsite fill
material were used in the soil lifts. The streams
generally had steep natural banks or adjacent property
requiring protection. As a result, soil lifts were installed
with steep slopes. The total number of successive lifts
ranged from 2 to about 12, resulting in maximum total
bank heights of about 10 feet measured vertically from
top of stone toe to top of bank.

2.5.3 Performance Evaluation

Considering the erosive conditions that many of the
sites experienced, the soil lifts performed reasonably
well. Nonetheless, minor problems occurred at most of
the sites and some major problems were also observed.
These problems are summarized for each site inspected
in Table 2.5. Major problems occurred at bends and
near the toe. Preventing erosion at these locations
would likely require raising the riprap toe or replacing
the soil lift with hard armoring.

Many of the minor problems observed might have
been prevented by design enhancements or improved
construction. The bottom lift generally showed the
most signs of erosion. There are at least three factors
contributing to increased erosion near the toe: (1) more
frequent exposure to erosive forces, (2) vegetation being
washed out before it was allowed to mature, and

Figure 2.3 Vegetated soil lift; additional soil lift sketches are
available in Appendix A.

TABLE 2.5
Soil lift site performance summary.

Site # Minor Problems Major Problems Problem Description

B.6 Yes Yes Erosion, with major problems occurring at susceptible bends; at one bend the soil lift failed and

was replaced with riprap; some coir fabric was torn by debris

B.7 Yes No Isolated erosion at the lowest lift

B.8 Yes Yes Bottom soil lift washed out near bend; additional very minor erosion occurred along straight

channel

B.9 No No None

A.7 Yes No Minimal soil washed through fabric; low growth on the slope face

A.8 Yes No Very minor isolated sink holes

A.10 Yes Yes Significant soil washed out of one soil lift; vegetation completely failed on a different soil lift, which

had been recently replaced due to previous problems; approximately half of the 55 soil lifts were

inspected by the authors, but 46 soil lifts were inspected by others for the 2014 monitoring

report, 1 of which was reported as non-functional and 2 of which were reported as impaired

B.11 No No The site is 14 years old and experienced multiple floods and no repairs were made, so any minor

erosion problems are negligible
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(3) geotextile fabric pulling out of the soil at the toe.
The first two factors are caused by more frequent
inundation at lower elevations. The third factor is a
direct result of inadequate design, which could have
been prevented. A simple solution to this problem was
recommended by one of the designers interviewed for
this study, and seems to be a common practice. He
recommended that the geotextile fabric under the
bottom lift be extended back to the original slope and
staked. The same consultant recently began using
burlap as the inner fabric under the geotextile, and
reported that it was more effective at retaining the fines.
Following this recommendation, perhaps on just the
frequently inundated lifts, may provide more time for
vegetation to mature; burlap was not observed at any of
the sites assessed in this study. More frequent inunda-
tion at lower elevations cannot be avoided and
illustrates the importance of determining the correct
elevation for the top of the hard toe.

The geotextile fabric securing the soil had slackened
at isolated locations at several sites inspected. An
organized effort was not made to distinguish between
locations with inadequate compaction and those where
soil washed out, either of which could have caused
slacking. At site A.8 minor sink holes were observed at
higher, less frequently inundated elevations. Designers
agreed that soil compaction is an essential feature of
soil lifts. They also listed seeding and soil quality as top
priorities. At site A.10 at least one soil lift failed due to
poor soil quality.

One consideration in the general evaluation of
techniques but more specifically to the soil lift tech-
nique is that a given technique may be selected for more
demanding applications, and because the problems may
be more challenging, some degree of failure may seem
to occur more commonly. This should be kept in mind
in the evaluation of soil lifts, which because of the effort
involved in their implementation are often resorted to
when a robust solution is sought.

2.6 Cellular Soil Confinement System

2.6.1 Description of Technique

Cellular soil confinement systems are gridded mate-
rial composed of strips of plastic or other material to
form a honeycomb like structure. The cells are filled
with soil and can be stacked to form multi-layered me-
chanically stabilized earth walls. The system inspected
for this study is depicted in Figure 2.4 and is thought to
be a Geoweb system.

2.6.2 Application, Site Conditions, and Objectives

Only one site was inspected that used a cellular soil
confinement system. That site was located on Lick
Creek and is described in section B.5 of Appendix B.
The site was constructed sometime during the five
month period preceding the site inspection, and stream
levels during that period of time are unknown.

2.6.3 Performance Evaluation

As noted in Table 2.6 the only problems noted were
minor isolated soil leaks out of the bottom of a handful
of cells. Due to the lack of data, this product is difficult
to assess accurately. The banks are generally stable and
future problems are not foreseeable.

2.7 Live Stakes

2.7.1 Description of Technique

Live stakes are live cuttings harvested during the
dormant season that are staked into the soil. The most
common plant species used for live staking was willow,
but dogwood and cottonwood were also used. A live
stake detail is shown in Figure 2.5; a photograph and
additional detail are shown in Appendix A.

2.7.2 Application, Site Conditions, and Objectives

Live stakes were used in a large number of sites, and
they were used in conjunction with almost every other
type of protection measure. Live stakes were utilized as a
means of anchoring other protection measures, providing
shade, and providing long term root structure in the soil.
Successful live stakes were generally installed at loca-
tions, or depths, where ground water was available.

2.7.3 Performance Evaluation

The number of stakes planted, the locations of the
planting, and the species of those plants were unknown
at many of the sites inspected, and our plant expertise
was very limited. This severely limited our ability to
accurately assess this protection measure and made it
impossible to determine plant failure rates at most sites.

Figure 2.4 Stacked cellular soil confinement system.

TABLE 2.6
Cellular soil confinement system site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

B.5 Yes No Minor isolated soil leaks

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2015/15 7



These factors limit the usefulness of Table 2.7. How-
ever, site A.4 demonstrated that live stakes require
proper handling and can potentially have reasonably low
growth success rates, yet if they die they have only a
minor adverse impact on the stability of the banks.
Furthermore, any stabilization benefit afforded by live
staking is likely to be insignificant for the first few years.
For these reasons live stakes cannot be relied upon as a
primary stabilization technique, but can be recom-
mended for inclusion with other stabilization techniques
at any site with adequate growing conditions and
compatible riparian vegetation.

2.8 Rootwads

2.8.1 Description of Technique

Rootwads are logs embedded in a streambank near the
toe with the roots protruding into the flow, as illustrated
in Figure 2.6. Frequently multiple rootwads are installed

at regular intervals along the bank. Experienced con-
sultants interviewed during this project agreed that root-
wads are primarily for habitat enhancement rather than
bank stabilization. Rootwads are intended to enhance
macroinvertebrate and fish habitat by providing woody
debris and by redirecting the flow such that scour holes
form below them. They are typically used in streams with
fish habitat deficiencies. Rootwads are included in this
report because they are frequently incorporated in bio-
technical streambank stabilization projects and because
some individuals maintain that there are bank stabiliza-
tion benefits, although these claims could not be sup-
ported by data from the present study.

2.8.2 Application, Site Conditions, and Objectives

Rootwads were used as both bank stabilization and
habitat enhancement at the sites inspected. The eleva-
tion of the rootwads relative to the base flow ranged
from continuously submerged to partially submerged, to

Figure 2.5 Live stakes.

TABLE 2.7
Live stakes site performance summary.

Site # Minor Problems Major Problems Problem Description

B.10 Yes ? 10 years later portions of the project were restabilized, so problems did occur, but it is

unclear where and if the stakes were a problem

A.4 Yes No Very poor growth rate (possible poor stalk and material handling); minor bank erosion

B.2 No No It was difficult for us to identify which plants were from staking

B.11 No No

B.8 No No Could not identify stakes

A.7 No No

B.3 No No

A.8 No No

B.9 No No

A.9 No No

A.10 No No
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completely unsubmerged. They were commonly installed
in bare earth banks with only anchor boulders and
footer logs, but at one site they were completely sur-
rounded by riprap. The streams tended to be smaller and
could be waded through during base flows. Rootwads
were installed on bends or straight channel segments.

2.8.3 Performance Evaluation

At site A.10 the banks failed above a section of
rootwads and were replaced with soil lifts and a rock toe
prior to our site visit. At that site 27 clusters of rootwads,
with several rootwads in each cluster, were distributed
over about 2 miles of stream. The most recent monitoring
report for that site listed 19% of the rootwad clusters as
non-functional and 41% as impaired. The primary form of
impairment was scour behind the roots, but the scour was
reportedly approaching a stable condition.

The other sites inspected experienced bank erosion
behind the rootwads, which was caused by overland
flow. The site with rootwads embedded in riprap
showed no signs of bank erosion; see section B.12 of
Appendix B for a site summary.

One consultant recommended that rootwads be
continuously submerged underwater and secured with
boulders. Rootwads were typically submerged at site
A.10, which had the most rootwads, but this was not
always the case at other sites. It was not possible to

prove that rootwads had a positive effect on bank
stabilization at any of the sites, and in some cases they
caused erosion (see Table 2.8). Rootwads should
therefore be used as a supplemental technique for
habitat enhancement, but should not be installed at
locations where the toe is susceptible to sever erosion.

2.9 Coir Roll

2.9.1 Description of Technique

Coir rolls are frequently referred to as coir logs or
coconut fiber rolls. The interior is composed of coconut

Figure 2.6 Rootwad; see Appendix A for additional sketches. (Source: U.S. Dept. of Agriculture, National Resources
Conservation Service. (2007). Stream restoration design (Part 654). In Engineering field handbook. Washington, DC: USDA).

TABLE 2.8
Rootwad site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

B.12 No No No problems because rootwads were

surrounded by rock

B.9 No No

A.9 Yes No Erosion from runoff

A.10 Yes Yes One segment of rootwads failed and

was replaced by soil lifts; many

other rootwads have localized

erosion
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husk fibers (coir) and the exterior is formed from coir
twine. Suppliers frequently offer pre-vegetated coir rolls
with plants inside the rolls. Coir rolls are designed to be
biodegradable. A typical coir roll installation is shown in
Figure 2.7. Design drawings are available in Appendix A.

2.9.2 Application, Site Conditions, and Objectives

Most of the sites inspected used coir rolls that had
been pre-vegetated, but non-vegetated coir rolls were
also observed. Coir rolls were installed over a range of
elevations throughout the sites visited, from the toe to
the bank zone, with only non-vegetated coir rolls being
continuously submerged. They were frequently installed
in conjunction with permanent mats, as in Figure 2.7.

2.9.3 Performance Evaluation

All of the sites visited experienced problems, ranging
from poor growth to erosion, to the logs being completely
washed downstream; except for one site that had not yet
been submerged, but growth was still questionable at that
site. Many of the problems could be attributed to
improper installation. Although the construction plans
typically required placing the coir rolls in a trench,
adequate trenches were rarely observed. A trench may
have improved stability and reduced underlying erosion.
Another common problem was improperly tying down
the coir logs. At most sites ropes were simply wrapped
around alternating stakes, as in Figure 2.7, but many of

the sites did not have notches in the stakes. If one stake
were to fail, or if the rope were to slip off the stake, the
entire system would no longer be secured by the ropes,
but only by the stakes. The problem with this is that a dry
coir log may be buoyant.

At site A.8 the success could be partially attributed to
stable stakes and securely fastened coir logs. Unlike
most sites, the rope securing the coir logs was wrapped
around each stake (perhaps twice), preventing the entire
rope from slackening when one location had problems.
A screw prevented the rope from slipping off (some
other sites used a notch, as in Figure 2.7, which works
just as well or better). At that site the coir logs were
non-vegetated and installed at the toe of the soil lifts.

At most of the sites inspected it was difficult to
determine if the coir logs had provided any stabilization
benefit. The experienced consultants interviewed
recommended that coir logs be used in limited si-
tuations, or not at all. Site inspections tended to sup-
port their conclusions, although if properly installed in
combination with more reliable stabilization techniques
coir logs could potentially provide some supplemental
benefit, especially for overland erosion. Site perfor-
mance summaries are provided in Table 2.9.

2.10 Tree Revetment

2.10.1 Description of Technique

Tree revetment is the use of trees or logs cabled
together and anchored to the banks. The configuration
of the cabled logs may vary from site to site as does the
anchoring. Only one site was inspected that used tree
revetment and the design details for that site are
included in appendix section A.13.

2.10.2 Application, Site Conditions, and Objectives

Log jams were removed from Wildcat Creek as
mitigation for a roadway construction project and then
used to stabilize the banks. The tree revetment therefore
had dual purposes, bank stabilization and log removal.
This site frequently floods and Wildcat Creek has signi-
ficant quantities of large woody debris and experiences
higher velocities than many of the streams inspected.

TABLE 2.9
Coir roll site performance summary.

Site # Minor Problems Major Problems Problem Description

B.3 Yes No Poor growth, but only within the coir logs; growth was excellent elsewhere at the site

A.11 Yes Yes Coir rolls washed downstream and severe erosion occurred underneath the coir logs that were

not washed out

B.4 Yes No Poor growth

B.5 Yes No Poor installation and local erosion under coir logs

A.8 Yes No Isolated erosion under/between coir logs

B.13 Yes All fiber rolls washed downstream, but it is unclear if these were temporary fiber rolls or more

permanent coir logs

A.6 No No

A.12 Yes No Low growth in some areas

Figure 2.7 Typical vegetated coir roll installation.
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2.10.3 Performance Evaluation

The tree revetment withstood a flood approaching a
100 year return period. Some logs were dislodged and
erosion was reported behind the logs at one location.
However, the site was generally intact and repairable.
Plans have been made to strengthen the anchoring and
place riprap at the eroded locations. Tree revetment
would not have been the preferred protection measure
without the need to remove existing log jams. Because
of the log jam removal, the site would have been at
least partially successful even if the slopes had failed.
For sites similar to this site with available onsite logs,
tree revetment remains a viable option for banks
stabilization, but it may not be recommended at other
types of sites. A site performance summary is provided
in Table 2.10.

2.11 Cribwall

2.11.1 Description of Technique

A cribwall is a box constructed with logs that is
filled with rock and soil and planted as illustrated in

Figure 2.8. Cribwalls are used to replace eroded banks
with vertical walls.

2.11.2 Application, Site Conditions, and Objectives

Only one site was inspected that utilized cribwalls.
The cribwalls had been installed more than a decade
ago and were used to repair eroded banks.

2.11.3 Performance Evaluation

The cribwalls failed; all that remained was what
appeared to be the footer log, as indicated in
Table 2.11. Photos and a site description are available
in Appendix B, section B.13.

2.12 Live Fascines

2.12.1 Description of Technique

Live fascines are long bundles of live cuttings tied
together and laid in shallow trenches that run parallel
to the stream along the streambank. These bundles are
secured with live or dead stakes and the trenches are
partially backfilled with soil, leaving some live cuttings
exposed at the surface.

TABLE 2.10
Tree revetment site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

A.13 Yes Yes Water flowing into stream caused

erosion and inadequate anchoring

caused lifting

Figure 2.8 Cribwall.

TABLE 2.11
Cribwall site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

B.13 Yes Washed out—only footer logs

remained
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2.12.2 Application, Site Conditions, and Objectives

Only one site was inspected that used live fascines. The
site was completely submerged several times prior to the
site visit and the site was visited on multiple occasions.

2.12.3 Performance Evaluation

The growth success rate was very poor and minor
erosion was visible within the trenches. The low growth
may have been due to poor stalk and material handling.
Unlike the live stakes, which also had poor growth, the
live fascines contributed to bank erosion. The erosion
was minor, but since the live fascines contributed to
erosion and the problem was widespread the site was
labeled as having ‘‘major’’ problems in Table 2.12.
During a later major flood, deposition filled many of
trenches, correcting the problems to a large extent, but
growth rates remained poor.

3. SUMMARY AND CONCLUSIONS

The effectiveness of each streambank stabilization
technique was evaluated in section 2, and common
problems were identified. A summary of these results is
provided in Table 3.1. The techniques have been grouped
into three tiers within that table. Tier I includes protection
measures that are sufficiently reliable to use under most

circumstances, including near valuable infrastructure. Tier
II includes additional reliable measures but the level of
confidence in these measures is lower, and one should plan
for some degree of bank movement when implementing
these techniques. These techniques also tend to be more
natural and have a greater reliance on vegetation, while the
tier I techniques could be considered hard armoring with
vegetation. Techniques within tier III either could not be
relied upon to protect streambanks by themselves, or were
only useful under special circumstances. These techniques
may be useful for diversifying bank stabilization at sites
that are relying on a tier II technique.

Percentages in Table 3.1 are based on the number of
sites with problems, (i.e., number of sites with
problems/number of valid sites). Every site is therefore
weighted equally and the percentage does not factor in
the size of the site (length of protection measure) or the
intensity of the flow on the protection measure. For
example, vegetated soil lifts tended to be installed at
sites with severe erosion and steep banks and this is not
reflected in the percentages. The percentages are merely
a means quantifying the data and should not be
thought of as an absolute ranking system.

Costs in Table 3.1 are relative to other protection mea-
sures within the same category. For example, a ‘‘medium’’
relative cost ranking for joint planting does not necessarily
imply that joint planting is more expensive than using a
permanent mat, which received a ‘‘low’’ ranking, because
the two techniques are not in the same category. Where
costs were not available, literature was consulted.

3.1 Implementation

The field assessment (including interviews with
designers) reported herein will be used to develop design
guidelines for biotechnical techniques for streambank
stabilization to be included in INDOT standards.

TABLE 3.1
Summary of technique assessments.

Protection Measure No. of Sites No. of INDOT Sites

% Minor

Prob.

% Major

Prob. Relative Cost

I. Typically reliable measures—potentially suitable near structures

Joint Planting 2 0 0% 0% Medium

Articulated Concrete Mat 2 2 50% 0% High

II. Potentially reliable measures—for low risk areas (used with hard toe)

Regrading (with permanent or temporary erosion mat) 2 2 50% 0% Variable

Permanent Mat (and seeding) 6 3 0% 17% Low

Vegetated Soil Lifts (with hard toe) 8 3 75% 38% High

Insufficient evidence: Cellular Soil Confinement System 1 0 100% 0% n/a

III. Measures used under special conditions or in conjunction with other measures

Live Stakes 11 6 18% 0% Low

Rootwads 4 2 50% 25% High

Vegetated Coir Roll 8 4 88% 25% Med-high

Tree Revetment 1 1 100% 100% High

Cribwall 1 0 100% 100% High

Live Fascines 1 1 100% 100% Medium

TABLE 2.12
Live fascine site performance summary.

Site #

Minor

Problems

Major

Problems Problem Description

A.4 Yes Yes Very poor growth rate (possible poor

stalk and material handling); minor

erosion within trenches
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APPENDIX A: INDOT SITE ASSESSMENTS

The field assessments for INDOT sites are summar-
ized in this appendix. More data were available for
INDOT sites than were available for non-INDOT sites,
which are discussed in Appendix B, and in general more
time was devoted to these sights due to their greater
relevance to INDOT. Where available, stabilization
measure costs are included for INDOT sites, along with
the cost of riprap. The intent is to provide some
indicator of the cost of a given protection measure
relative to the cost of riprap (1 ton of riprap < 1 sq yd
of riprap, 2 ft deep; the state average cost is $43/ton).
Peak flows for 2- and 10-year return periods at nearby
gages are provided to give some indicator of water
levels experienced at a given site. These flow rates were
obtained from the USGS StreamStats website, or by
using gage data and the USGS PeakFQ program
Bulletin 17 estimate for annual exceedance probability
of 0.5 and 0.1 respectively. The ‘‘Peak flow at gage since
installation’’ is the maximum instantaneous flow rate at
the gaging station since the project completion date, but
prior to the site inspection, and should be compared
with the 2-year and 10-year return period flows.

The application zone was also identified for INDOT
sites as an indicator of the frequency and severity of
exposure to erosive forces. The naming convention was
adapted from the US Army Corps of Engineers
Waterways Experiment Station Technical Report EL-
97-8, Bioengineering for Streambank Erosion Control,
Report 1: Guidelines. For the purposes of this report
the zones are defined as follows:

N Toe zone: portion of the bank below the average normal
stage.

N Splash zone: portion of the bank above the average
normal stage but below the normal high-water stage.
When the normal high-water stage was not specified in
the plans it was assumed to be the 2-year return period
stage.

N Bank zone: portion of the bank above the normal high-
water stage, but below the terrace zone.

N Terrace zone: portion of the bank inland from the bank
zone that is infrequently flooded

The zones identified are approximate and are
based on either information provided in the plans,
gage records, or personal judgment. No effort was
made to identify physical indicators of the average
normal and normal high-water stages during site
inspections, but in some cases engineers provided this
information in the plans. The toe zone is not
necessarily the same as defined in the companion
document Approaches to the design of biotechnical
streambank stabilization: design guidelines, which
provides a more restrictive definition recommended
for conservative design.

A.1 Des 0710568—Boonesville SR 62

A.1.1 Site Description (see Table A.1)

Articulated concrete matting was installed under a
newly constructed bridge, and upstream and down-
stream of the bridge, as illustrated in the excerpt from
the plans in Figure A.1.

TABLE A.1

Contract number: IR-29936

Latitude, Longitude: 38.047841,-87.292787

Waterbody: Carter Taylor Ditch

Construction completed: 3/17/2012 (protection measure installed prior to 8/22/2011 photo)

Stabilization measure(s): Articulated concrete mat

Application zone(s): Terrace, bank, and splash zones (and toe zone on side channel)

Length of installed protection: Approximately 100 m (1,230.2 sq m)

Cost of stabilization measure(s): $90 per sq m, installed

Cost of riprap: Less than $33 per sq m

Design bank slope: Maximum slope was approximately 2.5:1, but most of the articulated mat was installed on

nearly horizontal ground

Closest USGS gage: None

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: n/a

Site inspection date(s): October 7, 2013
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A.1.2 Site Inspection

Sediment deposition occurred on top of the articulated
concrete matting, both underneath and downstream of the
bridge as seen in Figure A.2. From the same photograph it
is evident that plant growth was negligible under the

bridge, while Figure A.3 shows dense vegetation in areas
exposed to sunlight. In fact, the dense vegetation coupled
with the sediment deposition completely obscured the
articulated concrete such that it would not have been
possible to visually confirm the extent of the articulated
concrete without the earlier photograph. No erosion
problems were observed, although the geotextiles under
the articulated concrete did not appear to be tied into the
ground correctly (Figure A.4). The ropes protruding from
the articulated concrete were awkward and potentially
hazardous (Figure A.4 and Figure A.5).

A.2 Des 0101234—Sly Run

A.2.1 Site Description (see Table A.2)

This project replaced a bridge on Mill Creek Road
tying into SR 38. Articulated concrete matting was
installed as bank protection near the bridge on a
realigned 271 ft channel segment that had been
constructed to accommodate the roadway realignment.

Figure A.1 Plan sheet excerpt with articulated concrete mat outlined in pink.

Figure A.2 Sediment deposition on top of articulated
concrete matting, under the bridge.

Figure A.3 Vegetation growth comparison. The left photo was taken from on top of the bridge, while the right photo was taken
from below the bridge 2 years later.
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TABLE A.2

Contract number: R-31627 (same contract as Cool Creek)

Latitude, Longitude: 40.065244, -86.06195

Waterbody: Sly Run

Construction completed: n/a (the project was not completed until 6/1/2013, but the stabilization and the bridge were

completed sometime before the site inspection)

Stabilization measure(s): Open-cell articulating concrete mat

Application zone(s): Toe, Splash, and Bank Zones

Length of installed protection: Approximately 37 ft along the right bank and 54 ft along the left bank were proposed; actual

placed quantity was 850 sq yd

Cost of stabilization measure(s): $90 per sq yd installed

Cost of riprap: $29 per ton of uniform riprap for the riffle $28 per ton for class 2 riprap (this appears to have

been installed along the toe, but it was not specified in the plans)

Design bank slope: Maximum 2:1 (varies)

Closest USGS gage: none

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: n/a

Site inspection date(s): March 13, 2013

TABLE A.3

Contract number: IR-34267

Latitude, Longitude: 38.941603, -86.997389

Waterbody: West Fork of the White River

Construction completed: n/a

Stabilization measure(s): Turf reinforcement mat (with regrading) and live stakes (coir matting was also installed above

the top of bank)

Application zone(s): Splash and Bank Zones

Length of installed protection: 1,925 ft along one bank of the river

Cost of stabilization measure(s):

Cost of riprap:

Design bank slope: 3:1

Closest USGS gage: 1/2 mi downstream of site: http://waterdata.usgs.gov/nwis/uv/?site_no503360500

2-year peak flow at gage: 35,600 cfs

10-year peak flow at gage: 67,000 cfs

Peak flow at gage since installation, and date: n/a—installation was not completed

Site inspection date(s): October 7, 2013
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A.2.2 Site Inspection

Articulated concrete matting was installed along the
banks under the bridge and both upstream and down-
stream of the bridge. A photo of the upstream side of the
bridge is included in Figure A.6 and a typical drawing
for the articulated mat is included in Figure A.7. Minor
localized scour and bank erosion occurred downstream
of the articulated concrete mat at the transition to the
natural bank, as indicated in Figure A.8. The sun-
ward slope had reasonable vegetation, and vegetation

had started to grow on the other slopes (except under the
bridge). There are several locations with awkward ropes
hanging out from the articulated mat at the top of the
bank.

A.3 Des 1005457—West Fork White River
I-69 Mitigation

A.3.1 Site Description (see Table A.3)

IDNR permit description: Approximately 19509 of the
existing West Fork White River channel will be re-
graded and stabilized with rip-rap for toe protection,
turf reinforcement mat, and live stakes with varying
sideslopes for an I-69 mitigation site. The existing berm
at the site will be completely removed. Multiple vernal
pools will be constructed. Six berms will be constructed
with varying heights.

A.3.2 Site Inspection

This is an off-site mitigation site that was under
construction at the time of the site inspections. The live
stakes had not yet been installed. The permanent turf
mats had been installed and a photograph is provided
in Figure A.9. The grass growth looked very good for
most of the slope, considering the short period of time
since planting. The flow rate was about 3,500 cfs during
our visit, which was the highest it had been since late
July, so erosion was not expected. A bank stabilization
typical section and the turf reinforcement mat detail are
shown in Figure A.10 and Figure A.11.

Figure A.4 Exposed cables and geotextile at toe.

Figure A.5 Exposed cables at upper end of protection.

Figure A.6 Articulated concrete mat installation at Sly Run.

Figure A.7 Typical articulated mat installation from
construction plans.
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Figure A.8 Sly Run site inspection notes and channel change layout.

Figure A.9 Permanent turf mat.

Figure A.10 One of the bank stabilization typical sections from the construction plans.
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A.4 Des 0901664—Prophetstown

A.4.1 Site Description (see Table A.4)

This project is an offsite mitigation site compensating
for a portion of the impacts caused by the construction of
SR 25 from Lafayette to Logansport. Sheet 22 of the
construction plans indicates that this project was designed
to reduce the peak 100-year discharge and retain water
onsite for an extended period of time to serve as a
wetland, stream, and floodway habitat mitigation site.

A.4.2 Site Inspection

Prior to the first site visit we were informed that there
had been issues with the success of the live fascines due
to poor material quality and handling. The site visit
confirmed that growth was patchy and that in several
regions the live fascines had not grown. An example of
poor live fascine growth is illustrated in Figure A.12;
note that the adjacent seeded areas are growing well.
In addition, very few live stakes showed signs of
growth (growth was primarily near the river). Live

Figure A.11 Permanent turf reinforcement mat detail from construction plans.

TABLE A.4

Contract number: IR-32744

Latitude, Longitude: 40.512111, -86.797335

Waterbody: Wabash River

Construction completed: Approximately October 2011

Stabilization measure(s): Live fascines with live stakes and regrading

Application zone(s): Bank and Splash Zones

Length of installed protection: 5,355 ft along bank (27,748 ft of live fascines were installed)

Cost of stabilization measure(s): Live fascines: $4 per ft installed live stakes: $5 each installed (13,422 stakes installed) coir fiber

mattress was $2 per sq yd

Cost of riprap: $30 per ton of class 2 riprap (geotextiles were an additional $2 per sq yd)

Design bank slope: 3:1

Closest USGS gage: Return period peak flows are based on a gage 8 mi downstream (downstream of wildcat creek

inflow), 03335500; there is a newly installed gage about 1/2 mi downstream (gage datum

509.58 ft NAVD 1988), 03333270

2-year peak flow at gage: 50,000 cfs

10-year peak flow at gage: 84,600 cfs

Peak flow at gage since installation, and date: 85,700 cfs on 4/20/2013 (other earlier high flows: 45,800 cfs on 12/16/2011; 30,400 cfs on 1/14/

2013)

Site inspection date(s): March 22, 2013; May 8, 2013; November 1, 2013
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Figure A.12 Example of poor live fascine growth (photos may not be at the same location).

Figure A.13 Live stake.
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stake details from the construction plans are included in
Figure A.13, along with a photograph of a typical live
stake. The far downstream end of the project (South-
west) had the best growth and the far upstream end
(Northeast) was very barren, but there was no notice-
able trend over the central region of the project. In
general vegetation from live fascines and stakes was
patchy with low success. Erosion in the fascine trenches
was visible at many locations and the erosion at some
locations was the greatest at the top of the bank.

Figure A.14 is a typical section of bank stabilization
from the construction plans. According to the typical,
the existing bank should be regraded to a 3:1 slope;
cross-sections throughout the plans also show banks
being cut to a 3:1 slope. Actual bank slopes varied from
9 to 36 degrees, with common slopes of about
24 degrees (2.2:1). Both constructed and design slopes
were milder than the original slopes, implying that
regrading was an important component of the bank
stabilization. A few minor localized bank failures were
observed, similar to Figure A.15. In some cases the
failures appeared to be sink holes, while in other cases
soil washed out from beneath the bottom of the erosion
control blanket. In either case slope stability issues were
minor.

A second site visit was conducted after the site had
been exposed to peak flows exceeding the 10-year
return period. During this flood the top of the banks
were submerged and flood waters extended well into the
terrace zone. Willows were lying down from the flood.
Some of the slopes actually looked better after the flood
because sediment had been deposited in the trenches.
No significant slope problems were observed, but only
the top 3 (in some locations 4) rows of fascines were
exposed during the site visit because the flood waters
had not yet receded completely. Later we returned to
the site during lower flows for a third site inspection,
and vegetation along the slopes was dense and fully
covered the slopes and there was some mild growth
within the riprap. However, this growth was from seed

(either natural or planted) and the fascines and live
stakes still had a low success rate.

A.5 Des 1006088—Adams Mill

A.5.1 Site Description (see Table A.5)

Bank protection was installed at a location where a
portion of the river bank had been removed to pro-
vide relief to inland wetlands. The site layout from
the construction plans is shown in Figure A.16 and
Figure A.17. The upper most row of ScourStop is
intended to protect the service road.

A.5.2 Site Inspection

This site was inspected a couple of weeks before a
major flood and a couple of weeks after the flood. In

Figure A.14 Typical section for bank stabilization.

Figure A.15 Localized bank failure.
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TABLE A.5

Contract number: IR-32568 (same contract as Wildcat Creek, Jerome)

Latitude, Longitude: 40.48194,-86.50521

Waterbody: Wildcat Creek

Construction completed: 5/26/2012

Stabilization measure(s): Permanent erosion control mat (Scour Stop)

Application zone(s): Bank and terrace zones and farther inland to direct drainage

Length of installed protection: 36 ft along bank (112 sq yd)

Cost of stabilization measure(s): $215 per sq yd installed (not including sod)

Cost of riprap: $78 per ton installed (47.89 tons of riprap revetment)

Design bank slope: 2:1 in bank zone; varies 3:1 to level in terrace zone and drainage channel

Closest USGS gage: Several miles downstream, 03334000

2-year peak flow at gage: 4,470 cfs

10-year peak flow at gage: 9,760 cfs

Peak flow at gage since installation, and date: 13,600 cfs on 4/20/2013 (14,000 cfs would be a 50-year event)

Site inspection date(s): April 2, 2013 and May 8, 2013

Figure A.16 Excerpt from construction plans with ScourStop boundaries highlighted.

Figure A.17 Profile view excerpt from construction plans with ScourStop highlighted.
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Figure A.19 Additional ScourStop panels added in September 2012.

Figure A.18 Center of relief channel installed in May 2012.

Figure A.20 ScourStop mat and erosion control blanket pre- (left) and post- (right) flood.

Figure A.21 ScourStop panel (shown in inset) removed by large tree.
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addition, photos were provided from an INDOT inspec-
tion the previous year (Figure A.18 and Figure A.19).
During the previous growing season grass had completely
covered the central portion (i.e., along Line ‘‘A’’ in the
plan view) of the drainage channel, including the
ScourStop, as seen in Figure A.18. Additional panels of
ScourStop were installed in September of 2012, giving the
grass less time to establish, as shown in Figure A.19 and
Figure A.20. In general, the protection measures were
installed as per the plans.

During the flood a large sycamore tree, shown in
Figure A.21, was carried down the river and into the
project site. It tore up a long stretch of erosion control
blanket (including vegetation) along essentially the
entire east edge of the project. One panel of
ScourStop, shown in the inset of Figure A.21, was also
pulled out with the blanket at Sta. 10+83, 18 RT. The
blanket was underneath the ScourStop so it was
difficult to determine if the tree had pulled out the
ScourStop with the blanket, or if the tree caught
directly on the ScourStop. The panel was intact except
for one crack that may have occurred afterward, as it
was bent around the tree. A few of the anchors were
still in the ground, but the cables had broken, and the
other anchors had been pulled out of the ground.

On the west side of the project two more panels of
ScourStop were pulled up by a second smaller tree (Sta.
10+56-64, 18 LT.), as shown in Figure A.20. In both
cases, the panels that had been pulled up did not have
fully established vegetation and were located at higher

elevations. The riprap was mostly intact (as expected,
because it was at a lower elevation), except for a few
stones that were in an organized pile.

A.6 Des 0101527—US 27 Over Spy Run Creek

A.6.1 Site Description (see Table A.6)

Protection measures were installed at this site in
conjunction with a bridge replacement on US 27 over
Spy Run Creek.

A.6.2 Site Inspection

Based on gage data and water marks, it seems
unlikely that the coir logs had been completely
submerged prior to the site visit. The banks tended to
be much steeper below the coir logs, and in some
locations were only protected by turf reinforcement
mats that did not extend to the toe, as shown in
Figure A.22. Riprap was not placed along the toe in
some locations (it was not specified in the plans), but it
was placed at other locations. All coir logs looked to be
intact and securely staked with very limited vegetation
growth within the coir logs (perhaps due to recent
install). Figure A.23 shows additional photos and
Figure A.24 includes the typical cross section layout
from the plans.

TABLE A.6

Contract number: R-30246

Latitude, Longitude: 41.095306, -85.14047

Waterbody: Spy run creek

Construction completed: Stabilization likely installed in fall of 2012 (projected project completion is 6/1/2013)

Stabilization measure(s): Vegetated coir logs and blankets (permanent turf reinforcement mat)

Application zone(s): Bank Zone (perhaps portions in Splash Zone)

Length of installed protection: 150, 160, and 180 ft of 8, 12, and 24-inch coir logs, respectively (upstream and downstream

of bridge on both banks); 413 ft of permanent turf reinforcement mat

Cost of stabilization measure(s): $50, $60, and $100 per ft of 8, 12, and 24-inch vegetated coir rolls installed $12 per sq yd

of permanent turf reinforcement mat installed

Cost of riprap: Only placed at pipe outlets; not a pay item

Design bank slope: Not specified in plans, but constructed slopes varied from mild to steep, with coir logs mostly

on mild slopes.

Closest USGS gage: 2 mi upstream, 04182808

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: Unknown without coir log installation date; maximum flow in 2012 was 666 cfs on 3/23/2012;

maximum flow 2010-2011 was 1,540 cfs on 5/22/2010

Site inspection date(s): April 2, 2013
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A.7 Des 0101234—Cool Creek

A.7.1 Site Description (see Table A.7)

A.7.2 Site Inspection

A minimal amount of soil washed through the
geocoir fabric in some locations as illustrated in
Figure A.25. The protected slopes were generally intact
with minimal problems. Most of the area is vegetated,

with vegetation lacking along the face of portions of the
bank (this is also true for the natural banks). The creek
had flooded over the roadway a few days prior to the
second site visit. The site appeared to be minimally
impacted by the flood, when compared to the early site
inspection. Local staff reported that the stream over-
tops its banks 1 to 2 times per year. A series of photos
in Figure A.26 show the stream prior to construction,
immediately after construction and three years later.
A conceptual sketch of the soil lifts, taken from the
permit application plans, is shown in Figure A.27.

Figure A.22 Upstream right bank, early winter.

Figure A.23 Upstream left bank. Left: early winter; Right: early spring looking upstream.

Figure A.24 Vegetated coir log design cross section.
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A.8 Des 1005275—US 231 (ATS-FW-25944)

A.8.1 Site Description (see Table A.8)

This is an offsite mitigation site compensating for
impacts caused by the construction of US 231 in West
Lafayette, Indiana.

IDNR permit description: A total of approximately
20179 of the north stream bank will be stabilized.
Approximately 18229 will be excavated to a 3:1 slope

and stabilized with fiber logs, erosion control blankets,
live staking and seeding. The remaining 1959 of severely
eroded stream bank will be filled to a 3:1 slope and
stabilized with fiber logs, layers of willow stakes
between soil lifts and seeding under erosion control
blankets. Approximately 20.6 acres of existing agricul-
tural land will be excavated to form a wetland
mitigation site. The site will be graded to elevations
approximately 19 below existing grade to create shallow
depressions. The excavated material not used on site

TABLE A.7

Contract number: R-31627 (same contract as Sly Run)

Latitude, Longitude: 40.011469, -86.124023

Waterbody: Cool Creek

Construction completed: 3/15/2010 (stabilization was completed sometime prior to 12/02/2009)

Stabilization measure(s): Soil lifts with live stakes

Application zone(s): Bank Zone

Length of installed protection: 158 ft

Cost of stabilization measure(s): n/a

Cost of natural rock: n/a

Design bank slope: 1:1.5

Closest USGS gage: None

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: n/a

Site inspection date(s): March 12, 2013 and April 25, 013

Figure A.25 Soil washed through fabric and low growth.
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Figure A.26 Vegetated soil lifts at Cool Creek.

Figure A.27 Conceptual soil lift design sketch from permit drawings.

Figure A.28 Stream bank stabilization detail.

Figure A.29 Protected bank on November 1, 2013. Figure A.30 Erosion between coir logs.

26 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2015/15



will be spread on adjacent agricultural fields. To control
the amount of surface water retained in the wetland,
three water control structures will be placed at the
southeast corner of the site.

A.8.2 Site Inspection

According to the property owner, the pre-construction
banks looked similar to the unprotected banks on the
opposite side of the stream, which were nearly vertical,
somewhat unstable, and reportedly active. Presumably
the bank protection was intended to protect the newly
created wetlands given that there were no structures or
features in need of protection. A detail from the
construction plans showing the bank stabilization design
is included in Figure A.28. The willow growth along the
banks was excellent during the first site visit, for such a
short period of time, and vegetation continued to
progress as seen in Figure A.29, taken during the
second site visit. The soil lifts and coir logs were also
in very good condition, with only a few minor sink holes
in the soil lifts. All of the coir logs were non-vegetated.

Water levels were higher during the second visit and
submerged most of the coir logs. At one location a few
feet of erosion occurred between the two coir logs (see
Figure A.30), and erosion occurred under the bottom
coir log such that the coir log was only being supported
by the stakes. Unlike most other sites inspected, the
rope securing the coir logs was wrapped around each
stake (perhaps twice), preventing the entire rope from
slackening when one location had problems; a screw
prevented the rope from slipping off the stake.

A.9 Des 0902222—Union Chapel

A.9.1 Site Description (see Table A.9)

This is an onsite mitigation site compensating for
impacts caused by the construction of a new inter-
change on I-69 at Union Chapel Road.

A.9.2 Site Inspection

This project consists of two ephemeral stream segments
(draining a roadway and field), which have been lined
with hand sorted river rock (Glacial Erratic Stone). Water
is supplied to the north stream by a single 12-inch culvert
that drains the field across the road from the west. Water
is supplied to the south stream via three sources 1) runoff
directly into the stream from the I-70 embankment, 2) a
15-inch pipe that drains only about 1/4 of the interchange
pavement, and 3) a 15-inch culvert connected to a
drainage swell on Union Chapel Rd. The channel top
width of approximately 16 ft could not have been justified
by inlet or outlet capacities. The north channel outlets
into a ditch that is at most a couple of feet deep and a few
feet wide, and the south channel outlets into a roadway
embankment swell that drains toward Ely Run.

Plan and section views of the rootwad revetment
design are in Figure A.31 and Figure A.32, respectively.

Figure A.33 shows a photograph of the rootwads on
the outer bank, with temporary straw rolls to prevent
erosion from runoff. Erosion had occurred around the
rootwads, caused by runoff (in spite of the straw rolls)
rather than in stream flow. The site was seeded in the
fall, but growth had not started prior to the site visit.
The live stakes had not yet been planted.

A.10 I-70 Six Points Stream Mitigation

A.10.1 Site Description (see Table A.10)

Approximately 2 miles of stream were relocated to
accommodate the construction of an I-70 interchange.
This is the oldest INDOT site inspected and was completed
in 2004. Because of the significant impacts, an annual
monitoring report has been prepared each year since 2008.

A.10.2 Site Inspection

One of the consultants responsible for the annual
monitoring report was present during the first site
inspection. She reported that the banks overtop 1 to 3
times per year and concluded that the willows were
abnormally small for 9 years of growth due to poor soil
quality. She also reported that the rootwads on one
bend had failed and were replaced with a soil lift. That
soil lift is shown in Figure A.34.

During a later site visit the new soil lift was inspected
again and the vegetation had not grown. At another
location there was a recently installed (perhaps a repair)
soil lift with a significant amount of soil that had
washed out from the coir fabric. At a couple of other
locations the banks had partially failed, but it was not
always possible to determine if a soil lift had originally
been at that location, even after looking at the as-built
sites; two probable sites are shown in Figure A.36.

Approximately half of the 55 soil lifts were inspected by
the authors, but 46 soil lifts were inspected by the
consultants for the 2014 monitoring report. They reported
that 1 soil lift was non-functional and 2 were impaired.
Most of the soil lifts were reasonably vegetated without
major bank issues. Figure A.35 shows the soil lift
typical drawing from the construction plans. About
half of the rootwads were also inspected by the authors,
and 27 clusters of rootwads were assessed in the
monitoring report. The monitoring report listed 5
rootwad clusters as non-functional and 11 as impaired.

Bank erosion was observed around many rootwads, as
illustrated in Figure A.37, but the banks had not failed.
The consultant monitoring the site felt that this erosion
was expected and that it would not result in any long
term problems. Much of the erosion appeared to be
caused by overland flow, although the report indicated
that the primary form of impairment was scour behind the
roots, and further reported that scour was approaching a
stable condition. The rootwads were generally submerged
and bank assessment was difficult below the water level.
Typical drawings for the rootwads from the construction
plans are shown in Figure A.38 and Figure A.39.
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TABLE A.8

Contract number: IR-29161

Latitude, Longitude: 40.271755, -86.889618

Waterbody: Wea Creek

Construction completed: May or June 2013 (bank stabilization was completed; project was nearly complete by July)

Stabilization measure(s): Coir logs (non-vegetated) and soil lifts (with live willow brushlayering and seed mixture)

Application zone(s): Toe (coir logs), splash, and bank zones

Length of installed protection: 2,017 ft

Cost of stabilization measure(s): $13.60 per ft installed of coir logs (total 4,034 ft, because 2 logs high); soil lift costs not

available

Cost of riprap: $46 class 1, $56 class 2, $28.60 revetment riprap per ton

Design bank slope: 3:1 (constructed at 1.7:1)

Closest USGS gage: None

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: n/a

Site inspection date(s): July 5, 2013 and November 1, 2013

TABLE A.9

Contract number: IR-33291

Latitude, Longitude: 41.200571, -85.106171

Waterbody: n/a

Construction completed: The projected completion date is Aug 2013 (live stakes will be installed Spring 2013; root wads

were installed around Oct. 2012)

Stabilization measure(s): Live stakes and root wads

Application zone(s): Toe and bank zones (root wads were installed near the toe; live stakes will be installed above

the root wads)

Length of installed protection: 708 ft of root wads (outer bank of most curves); approximately 1700 ft of bank will have live

stakes (most banks on both sides; 6,966 plants)

Cost of stabilization measure(s): Rootwads: $100 per linear foot installed live stakes: $4.20 each installed

Cost of riprap: $26.20 per ton installed for Riprap Revetment and Riprap Uniform; $40.3 for Class 1 or 2

Riprap; riprap was not used within the stream channel. Glacial erratic stone cost: $87 for

type 1 & 2 installed (used for rootwads and riffle boulders), and $44.65 per ton installed for

type 5 (used for remainder of channel)

Design bank slope: 3:1

Closest USGS gage: None

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: n/a

Site inspection date(s): April 2, 2013
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Figure A.31 Plan view of rootwad revetment.

Figure A.32 Section view of rootwad revetment.

Figure A.33 Rootwad revetment.
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TABLE A.10

Contract number: n/a

Latitude, Longitude: 39.689422, -86.331759 to 39.686235, -86.320966

Waterbody: East Fork White Lick Creek and North Creek

Construction completed: 2004 (as-built sites completed 7/14/2008)

Stabilization measure(s): Rootwads, live stakes, and soil lifts with brushlayering (live stakes were installed with rootwads and

stone toe)

Application zone(s): Toe (live stakes in stone toe and root wads), Splash, and Bank Zones

Length of installed protection: Approximately 2 mi (at least one side of the channel was stabilized for the majority of project)

Cost of stabilization measure(s): n/a

Cost of riprap: n/a

Design bank slope: n/a

Closest USGS gage: Located on the project site, 03353890

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: 3,720 cfs on 6/22/2010 (on 4/19/2013 the flow reached 3,640 cfs)

Site inspection date(s): March 12, 2013; July 31, 2013; August 15, 2013

TABLE A.11

Contract number: IR-28933

Latitude, Longitude: 38.610499, -86.06918

Waterbody: West Fork Blue River

Construction completed: Unknown coir log installation date (projected project completion: 6/1/2013)

Stabilization measure(s): Pre-vegetated coir logs

Application zone(s): Splash and Bank zones

Length of installed protection: 862 ft (915 ft were specified on plans)

Cost of stabilization measure(s): $ 27.55 per ft installed

Cost of riprap: $16 per ton of Riprap Revetment installed, with 2,771 of the 28,353 tons being installed at the

stream/bridge site; $22 per ton of Uniform Riprap

Design bank slope: Maximum 3:1, according to typical, but existing slopes are much steeper in some locations and

the plans did not specify re-grading these slopes

Closest USGS gage: About 1.7 mi downstream, 03302680

2-year peak flow at gage: 1,920 cfs according to USGS StreamStats 2003 report (2,573 cfs from Bulletin 17b analysis of

41-year period of record through 2011)

10-year peak flow at gage: 3,400 cfs according to USGS StreamStats 2003 report (5,242 cfs from Bulletin 17b analysis of

41-year period of record through 2011)

Peak flow at gage since installation, and date: Unknown without coir log installation date (maximum flow 2013: 1,600 cfs on 6/26/2013;

maximum flow 2012: 2,390 cfs on 5/5/2012; maximum flow 2011: 3,670 cfs on 5/2/2011)

Site inspection date(s): October 7, 2013
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Figure A.34 Recently installed soil lift adjacent to older soil lift.

Figure A.35 Soil lift typical drawing from original construction plans.

Figure A.36 Possible remnants of soil lifts.
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Figure A.38 Rootwad revetment typical of plan view from original construction drawings.

Figure A.37 Erosion between rootwads.

Figure A.39 Side view of rootwad from original construction plans.
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A.11 Des 0011110—Salem Bypass

A.11.1 Site Description (see Table A.11)

This site is located under a newly constructed bridge
for SR 60 Salem Bypass and extends upstream and
downstream of the bridge. As part of the project, the
stream banks were cleared to a lower elevation. The
bridge spans about three times the width of the original
channel.

A.11.2 Site Inspection

Vegetated coir logs were installed near the toe, as
illustrated in the in Figure A.40, on both sides of the
river. The coir logs had washed out at the upstream (east)
most end of the project on the north bank; the other logs
in that region were removed, perhaps intentionally, and
replaced with riprap. One coir log that had washed
downstream was still in the stream. Additional stock
piled coir logs were found upstream that were either
removed manually or never installed. Erosion was also
observed at an upstream location where a pipe discharges
into the stream. Many of the coir logs (especially those on
the north bank under and downstream of the bridge) had
significant erosion underneath them and the tie-down
rope was loose or missing.

The coir logs were not installed near the toe as
specified in the detail in Figure A.40. A second row of
coir logs, not specified in the plans, was installed
throughout much of the project a few feet above the
first row of coir logs. Slope angles below the coir logs
were steep in some locations. The slope was vertical at
the downstream (west) most end of the project on the
south bank and gradually reduced to about 37 degrees
near the bridge; the opposite bank had a mild slope and
in some locations the coir logs were placed more than
20 ft from the edge of the water. The elevation of these
coir logs corresponded roughly to the elevation of the
coir logs on the opposite bank. The coir logs on the

opposite bank (the south bank) were installed at the top
of the bank, which was about 4 ft above the water surface
(the water was about 0.9 ft deep during our inspection).
However, at some locations the coir logs were installed
2 ft lower in elevation. There were a couple of isolated
locations where the coir logs were installed near the water
surface, in particular near the upstream (east) end of the
project along the south bank. It looked as if a trench was
not excavated under many of the coir logs, or at least not
to the extent implied on the plans.

A.12 Des 0200872—SR 331 (ATS-FW-25533)

A.12.1 Site Description (see Table A.12)

This is an offsite mitigation site compensating for
impacts made during the SR 331 road construction
project.

INDR permit description: Approximately 9009 of the
ditch will be enhanced as part of the mitigation plan for
State Road 331 (INDOT Des #0200872). Along the
west bank, vegetated coir and fiber logs 129 in diameter,
native plantings, and riprap placed at the toe of the logs
will be used to stabilize approximately 2509 of the bank.
Also, LUNKER structures will be placed in several
locations along the bank to provide fish habitat. The
structures and riprap placed to protect the structures
will be flush with the top of bank. The remaining areas
of the project along the west bank will be covered with
an erosion control blanket over seed mix for slope
stabilization. Two riprap flow direction control struc-
tures will be placed in the channel that will extend
across a maximum of 2/3 of the bank full width. In
addition, two 159 diameter reinforced concrete storm-
water outfall pipes will outfall into the ditch over riprap
pads. The pipes will be placed on both sides of the
existing culvert. Details of the project are contained in
information and plans received at the Division of Water
on October 2, 2009, November 2, 2009, November 13,
2009, November 19, 2009 and January 6, 2010.

Figure A.40 Vegetated coir roll detail from construction plans.
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A.12.2 Site Inspection

The vegetated coir rolls and permanent turf rein-
forcement mat were installed similar to the construction

plan detail shown in Figure A.41. The coir rolls were
wrapped in nylon mesh and anchored with nylon rope
and installed 1 ft or more above the toe (with riprap
below in some locations), and were above the water

TABLE A.12

Contract number: IR 31091

Latitude, Longitude: 41.654011, -86.133667

Waterbody: Eller Ditch

Construction completed: Unknown, but sometime prior to site inspection (project was not completed)

Stabilization measure(s): Vegetated coir logs and permanent turf reinforcement mats (lunker structures were also used

for fish habitat)

Application zone(s): Splash (coir logs) and Bank Zones

Length of installed protection: 788 ft

Cost of stabilization measure(s): $61 per linear ft of coir logs $5.70 per sq yd for permanent turf reinforcement mats

Cost of riprap: $50 per ton of uniform riprap installed on top of the lunker structures

Design bank slope: Not specified (natural slope about 1:1, not graded)

Closest USGS gage: None

2-year peak flow at gage: n/a

10-year peak flow at gage: n/a

Peak flow at gage since installation, and date: n/a

Site inspection date(s): July 12, 2013

TABLE A.13

Contract number: IR-32568 (the Adams Mill project was also constructed under this contract)

Latitude, Longitude: 40.453203, -85.93467

Waterbody: Wildcat Creek

Construction completed: Finished installation around April 2012 (construction was not finalized prior to site

visit, and future repairs are anticipated)

Stabilization measure(s): Log cabling (tree revetment)

Application zone(s): Splash Zone (difficult to classify because protection measure extends over water—

perhaps Bank Zone as well)

Length of installed protection: 504 ft along one bank (project pay item quantity was 1,254 ft)

Cost of stabilization measure(s): $81 per ft installed

Cost of riprap: $98 per ton installed (100 tons of class 1 riprap total)

Design bank slope: Not specified in plans (not necessarily re-graded; natural slopes were steep along

protected bank)

Closest USGS gage: About a mile upstream, 03333450

2-year peak flow at gage: 2,600 cfs

10-year peak flow at gage: 5,950 cfs

Peak flow at gage since installation, and date: 9,580 cfs on 4/19/2013, which was the largest flow experienced during the 41-year period

of record (9,630 is the 100-year flood estimate)

Site inspection date(s): April 2, 2013 and May 8, 2013
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level during the site inspection. Vegetation was sparse
within the logs at some locations and generally denser
along the slopes and within the turf mats. Figure A.42
shows one of the more densely vegetated coir rolls.
There were no other visible problems.

A.13 Des 0901414—Wildcat Creek, Jerome

A.13.1 Site Description (see Table A.13)

This is an offsite mitigation site for the US 31
Kokomo Corridor Project. Log jams were removed from
Wildcat Creek and then used to stabilize the banks.

A.13.2 Site Inspection

This site was inspected twice, once a couple of weeks
prior to a large flood (approaching a 100-year return

event) and a second time a couple of weeks after the
flood. Logs lifted during a high water event prior to the
first site visit, displacing some logs and cable anchors.
Bank erosion occurred behind the cabled log along a
low lying region. The design engineer speculated that
water overtopped the banks upstream first and then
returned to the river via the low region, resulting in
erosion. They also suggested that the logs came loose
due to improper anchoring caused by inadequate
anchoring details. After the major flood the site did
not look significantly different from the earlier visit.
A couple more logs had been dislodged and the cables did
not look as taut, but overall the log cabling was intact.

The log cabling was constructed according to con-
struction plans shown in Figure A.43, except that an
additional tree stump was added below the deadman logs,
which bares the load of the logs, as shown in Figure A.44.
A post-flood photo is provided in Figure A.45.

Figure A.42 Vegetated coir roll at left and permanent mat at right.

Figure A.41 Bank protection detail with vegetated coir log.
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Figure A.43 Cabled log detail from construction plans.

Figure A.44 Cabled log construction photos.

Figure A.45 Cabled logs post-flood.
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APPENDIX B: NON-INDOT SITE ASSESSMENTS

This appendix discusses the non-INDOT sites that
were inspected. Because of the limited number of
INDOT sites available for assessment, and because
many of the INDOT sites were recently installed,
additional sites were identified to improve the accuracy
of the assessments. These sites were located using IDNR
permit records. To optimize site inspection efforts,
projects were targeted that had implemented multiple
techniques, or techniques that seemed promising for
INDOT applications. The sites in this section might be
considered supplemental or less relevant to INDOT,
and in general the assessments are less detailed. In most
cases the installation dates were not provided, so the
permit approval date, which occurred sometime prior to
the beginning of construction, is provided.

B.1 ATS-FW-24043

B.1.1 Site Description (see Table B.1)

Permit description: Approximately 3329 of Crooked
Creek’s eroded north/northeast streambank will be stabi-
lized with riprap over geotextile fabric or a concrete
slopewall. An existing concrete slopewall will be replaced
along approximately 929 of the streambank. The concrete
slope wall will have a maximum height of 69 and a
maximum streamward projection of 2.69 beyond the
existing bank. Riprap over a geotextile fabric will be
placed for approximately 2409. The riprap will have a
maximum height of 8.59 and will not project into the
stream. The riprap will be keyed into the streambed at its
base and will conform to the existing bank at the project
limits and will have 2:1 sideslopes. Joint plantings will be
incorporated into the riprap. In addition, an approximate
209 wide, 279 long temporary stone drive will be
constructed along the east side of the bank to be used
during the construction. Details of the project are
contained in information and plans received at the
Division of Water on October 20, 2006, November 2,
2006, November 22, 2006, April 12, 2007 and May 9, 2007.

B.1.2 Site Inspection

The concrete slopewall with vegetated riprap at the
toe is depicted in Figure B.1. It was difficult to identify
the extent of the new riprap and hence the location of

the live stakes. The riprap was well vegetated and
erosion was not visible, but the vegetation, if any, that
was from live staking was difficult to identify.

B.2 ATS-FW-22441

B.2.1 Site Description (see Table B.2)

Permit description: Approximately 1909 of the eroded
(north) streambank will be stabilized with gabion baskets
and lift soil layers wrapped in geotextile with live stake/
sapling joint plantings to protect the bank from further
erosion. The gabions will be keyed into the streambed at
its base and will conform to the existing bank at the
project limits. It will have a maximum height of 119, a
maximum streamward projection of 39 beyond the
existing bank, and 3:2 sideslopes. Details of the project
are contained in information received electronically at
the Division of Water on July 1, 2003 and in plans and
information received at the Division of Water on July 2,
2003, July 17, 2003, July 29, 2003, and July 31, 2003.

B.2.2 Site Inspection

The soil lifts could not be clearly identified and may
be the top portion of the bank in Figure B.2. Gabion
baskets and a potential joint planting in the rock toe are
also visible in Figure B.2. In general, the banks were in
good repair.

B.3 ATS-FW-21983

B.3.1 Site Description (see Table B.3)

Permit description: Approximately 21009 of the eroded
west (left) streambank will be stabilized with hard armor
(Class 2 Riprap), plant logs, clay material over geogrid
layers, compacted at 95% of standard proctor to protect
the bank from further erosion. The riprap will be keyed
into the streambed at its base and will conform to the
existing bank at the project limits. It will have a maximum
height of 159, a maximum streamward projection of 209

beyond the existing bank, and 2:1 sideslopes. In addition,
there will be three lunker boxes and one wing deflector
constructed in connection with the project. Also, there are
five existing outlet ditches that will be regraded and lined
with riprap for energy dissipation. An 89 wide pedestrian
trail approximately 19009 in length will also be con-
structed at grade. Details of the project are contained in
information received electronically at the Division of
Water on July 23, 2002 and in plans and information
received at the Division of Water on July 24, 2002, July
26, 2002, August 1, 2002, August 21, 2002, September 19,
2002 and September 20, 2002.

B.3.2 Site Inspection

We were fortunate to be able to meet with the
individual from the Environmental Resources Division

TABLE B.1

Latitude, Longitude: 39.87741, -86.18871

Waterbody: Crooked Creek

Permit approval date: May 22, 2007

Stabilization measure(s): Joint planting

Site inspection date(s): July 16, 2013
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of the Indianapolis Department of Public Works who
originally reported the erosion more than a decade
earlier. He was involved in the design and construction
process. He said that the bank had eroded away
exposing a vertical wall of trash about 15 ft tall. The site
was a former landfill that he thought had been closed in
or around the 1970s. They acted quickly to construct

the project since trash was exposed, so the completion
date was near the permit date.

The banks visually looked good with thick vegeta-
tion and were free of erosion problems, as seen in
Figure B.3. No maintenance had been performed since
the installation. A detailed inspection was only con-
ducted at one small location, due to the thick vegetation
(the pedestrian trail mentioned in the permit description

Figure B.1 Vegetated riprap at the toe of a sloped concrete wall.

TABLE B.2

Latitude, Longitude: 40.27697, -86.04176

Waterbody: Cicero Creek

Permit approval date: September 22, 2003

Stabilization measure(s): Live stakes, vegetated soil lifts,

joint planting

Site inspection date(s): July 16, 2013

Figure B.2 Gabion baskets and potential soil lifts and joint plantings.

TABLE B.3

Latitude, Longitude: 39.6706, -86.2331

Waterbody: West Fork White River

Permit approval date: September 23, 2002

Stabilization measure(s): Live stakes, coir rolls, permanent mat

Site inspection date(s): August 15, 2013

38 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2015/15



was not constructed), and other portions of the site were
observed from a distance. The vegetation within the
plant logs (vegetated coir rolls) was very poor, while the
permanent erosion control mats on the banks adjacent
to the logs had thick vegetation that obscured the logs;
thick vegetation rendered photographs of the coir logs
and mats ineffective.

B.4 ATS-FW-25392

B.4.1 Site Description (see Table B.4)

Permit description: This project will reconstruct
eroded areas back to their original condition and
armor the banks with vegetated coir logs with native
plantings at four separate locations, totaling approxi-
mately 10009 of frontage. The slopes will also be
armored with a turf reinforcement mat. The top of
bank will be armored with geocell webbing and the toe
of the slope will be protected with 229 sack gabions,
which will be placed on top of the existing gabion
baskets. The project will also add a 369 RCP to reduce
the extent of flooding on the golf course. The pipe will
have an outlet control structure at the downstream end
to prevent backflow into the golf course. Details of the
project are contained in information received electro-
nically at the Division of Water on July 13, 2009 and in
plans and information received at the Division of Water
on August 3, 2009, August 5, 2009, August 12, 2009,
November 16, 2009 and November 18, 2009.

B.4.2 Site Inspection

Gabions were installed on top of older gabions, with
vegetated coir rolls installed above the new gabions.
Some segments had only permanent erosion control
mats while other segments had coir logs below the mats.
The majority of the coir logs had very small growth, but
some locations did have reasonable growth. No serious
erosion was visible, but there were some locations that

looked to be more recently installed, perhaps from a
later project. The geocell webbing could not be located.

B.5 ATS-FW-26946

B.5.1 Site Description (see Table B.5)

Permit description: The existing east and west banks
of the creek will undergo bank stabilization mainte-
nance. The east bank of the creek will be stabilized by
using two separate methods of stabilization along two
separate portions of the creek. The first area consists of
stabilizing approximately 5609 with a vegetated Geoweb
Cellular Confinement System. The second area consists
of stabilizing approximately 2009 of the east bank with
turf reinforcement mats and coir logs placed near the
base of the wall. Also, the west bank of the creek will be
stabilized by adding new gabion covers and plantings to
the existing riprap filled gabion baskets. Details of the
project are contained in information and plans received
at the Division of Water on November 21, 2012 and
January 4, 2013.

B.5.2 Site Inspection

Construction bids for this site were evaluated on
April 12, 2013 and the site was constructed sometime
after that date. In most locations the vegetation within
the cells looked reasonable for a recently installed
project, as illustrated in Figure B.4. The wall slopes
were between 48 and 54 degrees and were generally
stable and secure. Soil had leaked out of a couple of
cells, likely due to improper installation (these cells
protruded out beyond the cell below them, allowing soil
to escape). The soil within the cells contained a signi-
ficant amount of small rocks or pebbles.

Figure B.3 Stabilized bank.

TABLE B.4

Latitude, Longitude: 39.80277, -86.19849

Waterbody: West Fork White River

Permit approval date: October 27, 2009

Stabilization measure(s): Coir rolls, permanent mat, gabions

Site inspection date(s): July 16, 2013

TABLE B.5

Latitude, Longitude: 39.7175, -86.0999

Waterbody: Lick Creek

Permit approval date: January 14, 2013

Stabilization measure(s): coir rolls, permanent mat, cellular soil

confinement system

Site inspection date(s): August 15, 2013
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The coir rolls were not installed securely. Some
stakes had very little length for attaching the anchoring
ropes and none of the stakes had grooves for the rope,
which will certainly result in the ropes coming loose, as
is evident in Figure B.5. The logs were sitting directly
on the bank without a grooved trench, and in some
places the coir log did not make good contact with the
soil and erosion had already begun underneath the log.
Above the coir logs was a permanent reinforcement mat
with a bank slope of about 22 degrees. There was no
visible erosion or other issues with the mats, except that
the coir logs may not have been an adequate footer for
the mats.

B.6 ATS-FW-23611

B.6.1 Site Description (see Table B.6)

Permit description: Bank and grade stabilization will
be completed for approximately three miles along
White Lick Creek. Bank stabilization is proposed along
approximately 14,1599 with 22 grade stabilization
structures being placed. The bank stabilization will

consist of placing one cubic yard or less of rock per
linear foot of bank at the toe-of-slope. The rock will not
extend more than 39 into the existing channel and not
more than 39 above the normal water level. At all sites,
except two, the rock will be capped with a series of
vegetated soil lifts or geogrids consisting of compacted
soil wrapped in biodegradable fabric. Each lift or layer
will be planted with bare root shrubs on 3-foot centers
and will be seeded with a native plant mix. The total
volume of fill within the floodway and below the
ordinary high water mark will be a maximum of 14,159
cubic yards. The amount of earthen fill excavated
from the embankments and used to construct the
geogrids will be approximately 12,000 cubic yards. At
two sites (approximately 5599 total) the rock protection
will be extended to the top of the embankment. Grade
stabilization will be performed by constructing rock
weirs within 1 foot of the current bottom elevation of
the stream. To install the rock weirs, a 39 by 39 trench
will be excavated across the entire width of the stream
and backfilled with 189 to 249 diameter boulders. Any
excavated material that is not used for fill within the
proposed structures will be hauled off site. A 3009 long

Figure B.4 Cellular soil confinement system bank stabilization.

Figure B.5 Inadequate coir roll tie-downs.
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by 809 wide gravel bar (approximately 3500 cubic
yards) located adjacent to a closed landfill will be
relocated by excavating and placing it off to one side
of the channel to extend an existing floodplain shelf.
Details of the project are contained in information
received electronically at the Division of Water on
August 18, 2005 and in information and plans received
at the Division of Water on August 29, 2005,
September 20, 2005, September 28, 2005, September
30, 2005, October 5, 2005, October 19, 2005, October
26, 2005, December 30, 2005, February 13, 2006 and
May 4, 2006.

B.6.2 Site Inspection

We met onsite with the Town Engineer and his
consultant on the project. The town was pleased with
the result and he would recommend soil lifts to others,
but would have used riprap at susceptible bends. The
straight channel sections throughout the project looked
excellent and only a few bends had sufficient damage to
warrant repair; one was damaged immediately after
construction and was replaced with riprap. They repor-
ted problems with debris catching on the coir fabric and
ripping it.

At Sta. 167+00 to 169+00 some damage occurred, and
at some locations the erosion was sufficient to expose the
geotextile and geogrid, as shown in Figure B.6. At Sta.
62+00 to 65+00 the East bank was damaged in the April
2013 flood, but most of the bank remains intact. Due to
good growth this season, damage was difficult to see. The
bank had eroded back about 50 ft at this site during a
2003 flood, which was repaired during this project. The
opposite bank (at 55+00 to 61+00) was stabilized by the
county with riprap and a significant amount of growth
has occurred within the riprap.

B.7 ATS-FW-23657

B.7.1 Site Description (see Table B.7)

Permit description: Approximately 290 lineal feet of
eroded stream bank on the southeast side of Deer
Creek will be stabilized with a rock toe and bio-
engineered soil encapsulated lifts to protect the bank
from further erosion. The rock will be keyed into the
streambed at its base and will conform to the existing
bank within the project limits. The rock toe will have a
maximum height of 39, a maximum stream-ward pro-
jection of 39 beyond the existing bank, and 2:1 side
slopes. The soil encapsulated lifts will extend from the
rock toe to the top of the bank (approximately 89) and
will be vegetated with native grasses and shrubs.
Details of the project are contained in information
received electronically at the Division of Water on
January 20, 2006, and in plans and information
received at the Division of Water on February 24,
2006, and March 6, 2006.

B.7.2 Site Inspection

Most of the banks looked natural and in good
condition with good growth. The bottom lift had been
partially washed out in a small region nearest to the
bridge and the synthetic temporary erosion control
mesh was still visible, although not intact, as seen in
Figure B.7. This type of mesh was not commonly used
as part of a soil lift unless used as a component of a
multi-layer blanket; that component may have biode-
graded or washed out.

B.8 ATS-FW-25635

B.8.1 Site Description (see Table B.8)

Permit description: Approximately 3009 of Wea
Creek9s eroded west left streambank will be stabilized
with two flow deflecting bend way weirs, rock, soil
lifts, and live willow staking to protect the bank from
further erosion. The bank was armored with rock up to
elevation 5709. Along the base of the bank, a 29 deep, 29

wide trench was constructed and filled with armoring
to prevent undercutting of the bank. These items were

TABLE B.6

Latitude, Longitude: 39.67456, -86.39119

Waterbody: White Lick Creek

Permit approval date: June 22, 2006

Stabilization measure(s): Vegetated soil lifts

Site inspection date(s): July 31, 2013

Figure B.6 Exposed geotextile and geogrid from erosion.
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completed under Emergency Rule LSA Document
#09-214 (E). Above elevation 5709, soil wraps with
geotextiles will be used to stabilize the banks. The
geotextiles will be vegetated with live stakes and
plantings. These items are proposed for review under
this permit application. Details of the project are
contained in information and plans received at the
Division of Water on January 13, 2010, January 22,
2010, March 5, 2010, April 20, 2010 and April 26,
2010.

B.8.2 Site Inspection

This site was inspected twice. The return visit was
motivated by an opportunity to obtain the pre and post
construction photos, shown in Figure B.8, from the
property owner. Sometime prior to this bank stabiliza-
tion project (the property owners thought it was likely
between 5 and 10 years ago) a very large sewer line
(perhaps 6 ft in diameter, according to the property
owners) was installed parallel to the stream. After the
sewer line was installed the banks gradually eroded
back about 20 ft closer to the sewer line. The erosion
did not appear to be related to the sewer line
installation and the banks had been somewhat unstable
prior and were nearly vertical. The property owners
called the city, who then initiated the bank stabilization
project. The banks were stabilized with riprap (scrap

concrete from another site) at the toe, bend-way weir
like structures constructed from the riprap, and soil lifts
above the riprap.

The upper soil lifts were in good condition. Soil
had washed out from underneath the bottom lift in
some locations prior to the first site visit and by the
second site visit about 30 ft of the bottom lift had
washed out, as shown in Figure B.9. The washed out
segment was directly above and upstream of the last
(most downstream) bend way weir near the down-
stream end of an outer channel bend. The unpro-
tected bank downstream of the bend way weir was
also eroding. The remainder of the site was in sound
condition.

B.9 ATS-FW-25889

B.9.1 Site Description (see Table B.9)

Permit description: Approximately 9009 of Payne
Branch will be stabilized using natural channel design
to repair severely eroded stream banks. Approximately
4509 of the total project length will be affected by
construction. New in-channel structures will include
two constructed riffles, three J-hooks, three root wads,
and three rock cross vanes. Two constructed bankfull
benches, three brush matting covers, live stakes and coir
fascines, and re-seeded native vegetation will be placed
at or above stream bankfull elevations in order to
stabilize the bank and prevent erosion and soil loss. The
three existing rip-rap check dams will be removed (the
material will be reused) and the stream cross sections
will be adjusted in three locations in response to the
lateral channel migration. The excavated material for
the project will be balanced on site and most stabilizing
vegetation material will be harvested onsite. A limited
quantity of glacial boulders, class I stone, and riprap
will be imported for use at the various structures.
Construction will occur at low flow and will be
accomplished in approximate 1009 increments by
dewatering individual work areas by by-pass pumping.
Sandbags will be removed daily to avoid a prolonged
interruption in flow. Details of the project are
contained in information received electronically at the
Division of Water on July 29, 2010 and in plans and
information received at the Division of Water on
August 11, 2010, August 17, 2010, September 1, 2010,

TABLE B.7

Latitude, Longitude: 40.58737, -86.66966

Waterbody: Deer Creek

Permit approval date: April 4, 2006

Stabilization measure(s): Vegetated soil lifts

Site inspection date(s): July 5, 2012

Figure B.7 Soil washed out from temporary erosion control
blanket.

TABLE B.8

Latitude, Longitude: 40.36096, -86.91357

Waterbody: Wea Creek

Permit approval date: June 14, 2010

Stabilization measure(s): Live stakes, vegetated soil lifts

Site inspection date(s): July 5, 2013; November 1, 2013
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November 30, 2010, January 20, 2011, March 2, 2011,
March 7, 2011 and March 17, 2011.

B.9.2 Site Inspection

One of the consultants involved in the design and
construction of this site offered to meet us onsite. He
said the site was constructed in the winter of 2010. They
attempted to make the site natural and used rootwads
(depicted in Figure B.10) because they were available
onsite. The project was a design-build project, so the
plans do not match exactly what is on the site; they
attempted to use local resources and customize the
design as they constructed. A small segment was
intended to protect the Humane Society property from
erosion, but the remainder of the project was done as
stream improvements and was not directly protecting
any property or structures. The project was completed
because of some available money from a cleanup site. It

was not a mitigation site. The streambanks were
generally in good condition.

B.10 ATS-FW-20180

B.10.1 Site Description (see Table B.10)

Permit description: Approximately 2,582 ft of White
River eroded west streambank will be stabilized with local
glacial stone, gabions backfilled with local glacial stone,
dormant live stakes, bareroot native tree seedlings, native
grass seed mix, Enkamat erosion control fabric, and straw
erosion control blanket to protect the bank from further
erosion. The stone, gabions blankets and fabric will be
keyed into the streambed at its base and will conform to
the existing bank at the project limits. It will have a
maximum height of 20 ft, a maximum streamward
projection of 3 ft (at specific areas only, to accommodate
bottom tier of gabion) beyond the existing bank, and 2:1
sideslopes. The project site lies within the Indianapolis
Parks and Recreation Coffin Golf Course property and
adjacent to the White River. Portions of the shoreline will
be left untreated and undisturbed, for a total disturbed
area of 2,582 ft. Details of the project are contained in
information and plans received at the Division of Water on
November 4, 1999.

B.10.2 Site Inspection

This site was more than a decade old and portions
if this bank were later restabilized under permit

Figure B.8 Pre- and post-construction site photos.

Figure B.9 Washed-out lower soil lifts in the foreground, and
sound soil lifts in the background.

TABLE B.9

Latitude, Longitude: 39.90058, -86.21682

Waterbody: Payne Branch

Permit approval date: March 9, 2011

Stabilization measure(s): Live stakes, rootwads, vegetated

soil lifts

Site inspection date(s): July 16, 2013
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ATS-FW-25392 (site B.4). The original gabions were
visible with mild growth and sediment in them at some
locations and at other locations the new gabions (see
site B.4) were placed on top of the old gabions. The
gabions are evidence that the site was in fact
constructed, but it is not clear which portions of the
project failed and if live stakes had any impact.

B.11 ATS-FW-19482

B.11.1 Site Description (see Table B.11)

Permit description: Approximately 250 ft of the
eroded north streambank at and just upstream (east)
of the stream confluence with its overflow channel will
be stabilized with coir fiber mats to prevent further
bank erosion. The eroded bank will be restored to the
original configuration with fill material contained
within a system of coir fiber mats placed in ‘‘stairstep’’
form over erosion control mats. This system will have
a typical vertical height of 3 ft, as measured from the
streambed. The mats and the area landward of the
upper mat will be seeded upon the project completion.
About 25 cubic yards of rocks (39 to 129 in size) will
be placed at the toe of the bank for aquatic habitat.
Live stakes will be placed through the rocks and the
upper mat. Details of the project are contained in
the information received electronically at the Division

of Water on January 6, 1999, and in plans and
information received at the Division of Water on
January 12, 1999 and January 27, 1999.

B.11.2 Site Inspection

This site inspection was conducted with an individual
from the golf course maintenance department that
assisted in the 1999 construction. The site was con-
structed by the golf course and the banks are about 10
ft high. He indicated that the bridge downstream, which
is about 8 ft high, overtops on average roughly every
other year. Prior to the site inspection, but during the
same year, the green about 18 ft above the stream
bottom was submerged. The green had been sub-
merged at least 2 other times since the installation.
The water level was very low and was flowing slowly
during the site visit, but he said it flows very rapidly at
high water.

The soil lifts were installed at the confluence of the
stream and the overflow channel, extending upstream
on both legs. Water then flows under the downstream
bridge and into the White River. Vegetation growth
was very thick and no repairs had been done along the
banks since the original installation. Very little coir
fiber is left, but the plastic erosion control netting was
still prevalent. Small segments of geotextile fabric were
exposed in some locations. The slope was 34 to 41
degrees near the toe with negligible erosion.

Figure B.10 Rootwads.

TABLE B.10

Latitude, Longitude: 39.80042, -86.19693

Waterbody: West Fork White River

Permit approval date: March 3, 2000

Stabilization measure(s): Live stakes

Site inspection date(s): July 16, 2013

TABLE B.11

Latitude, Longitude: 39.97247, -86.04357

Waterbody: Vestal Ditch

Permit approval date: February 26, 1999

Stabilization measure(s): Live stakes, vegetated soil lifts

Site inspection date(s): July 16, 2013
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B.12 ATS-FW-25679

B.12.1 Site Description (see Table B.12)

Permit description: A steep eroding streambank
approximately 709 long located adjacent to CR 3 will
be stabilized by establishing a bench on the right east
bank at the bankfull elevation. The bench will be
created by installing approximately 39 cubic yards of
stone to create a footer (5 feet wide by 3 feet deep by
70 feet long) below the Ordinary High Water Mark
(OHWM) for approximately 10 rootwads that will be
installed at the toe of the slope. Soil material (32 cubic
yards) and stone (16 cubic yards) will be placed on top
of the rootwads (16 cubic yards) and below the OHWM
to provide ballast and establish the bench. The bench
will be graded, seeded with native vegetation, and
covered with erosion control fabric. The slope up the
embankment will be regraded, seeded with native
vegetation and covered with erosion control material.
Total area of impact below the OHWM is
12 feet wide by 70 feet long. An in-stream excavator
will be used to excavate the trench for the stone toe and
to place logs and rootwads. Details of the project are
contained in information received electronically at the
Division of Water on February 18, 2010 and in plans
and information received at the Division of Water on
March 22, 2010, June 14, 2010 and July 1, 2010.

B.12.2 Site Inspection

This site, along with many other sites, required a
permit from the U.S. Army Corps of Engineers. We
met onsite with a representative from the Corps that
was familiar with the site. He thought the Corps issued
their permit in June 2010 and it was likely installed the
same year. The purpose of this site was to protect
the road from the eroding bank and he felt that the
protection measures were successful. The shelf region

created was well vegetated. The rock completely sur-
rounded the rootwads, preventing any erosion.

B.13 ATS-FW-20025

B.13.1 Site Description (see Table B.13)

Permit description: Two separate sections of the
eroded east and west stream banks will be stabilized.
Approximately 85 ft of the stream’s eroded west bank
will be restored with fill and covered with live stakes. A
fiber roll will be placed at the toe of the slope along this
85 ft. Approximately 229 ft of the stream’s eroded east
bank will be stabilized with a combination of materials.
Live cribwall structures, which will be backfilled and
vegetated, will be used on separate 84 ft and a 90 ft
sections of the bank. The cribwall structures will have a
maximum height of 6 ft, as measured from the stream
bed, and a maximum streamward projection of 6 ft. Two
temporary chutes will be constructed along the east bank
to convey backfill material down the bank for the
cribwalls. The remaining 55 ft of the eroded east bank
will be stabilized with fiber rolls installed along the toe of
the slope. Details of the project are contained in plans
and information received at the Division of Water on
August 23, 1999.

B.13.2 Site Inspection

This site inspection was brief due to the large
population of mosquitoes. Alternating stakes were visible
along the toe of sections of the streambanks. Based on
the stake placement, these stakes were likely securing the
fiber logs, which must have washed out. Logs nailed into
the ground were also visible near the toe of other
segments of the stream, as seen in Figure B.11 on the
following page. The bank above them was eroded, with
some erosion control blanket remains visible above that.
These logs were likely the footers to the cribwalls, which
also must have washed out.

TABLE B.12

Latitude, Longitude: 41.60926, -86.02107

Waterbody: Baugo Creek

Permit approval date: July 19, 2010

Stabilization measure(s): rootwads

Site inspection date(s): July 12, 2013

TABLE B.13

Latitude, Longitude: 41.28761, -85.72667

Waterbody: Puntney Ditch

Permit approval date: December 30, 1999

Stabilization measure(s): Live stakes, fiber rolls, cribwall

Site inspection date(s):
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Figure B.11 Potential washed-out cribwall site (top), with close-up view of footer log (bottom).
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