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ISSUE: The U.S. Army Corps of Engineers is often pering their widespread use with precautions. Precau-
restricted from using hard structures, such as riprap otions consist of properly designing bioengineering pro-
concrete-lined channels, for streambank erosion contrgécts with enough hardness to prevent both undercutting
because of environmental reasons or high cost. Bioengthe streambank toe and erosion of the upper and lower
neering is the combination of biological, mechanical, andends (flanking) of the treated project reach. This can be
ecological concepts to control erosion and stabilize soibccomplished with one or both of (a) hard toe and flanking
through the use of vegetation or a combination of it andprotection, e.g., rock riprap, refusals, and (b) deflection of
construction materials. Both living and nonliving plants water away from the target reach to be protected through
can be used. Nonliving plants are used as constructiodeflection structures, e.g., groins, hard points, and dikes.
materials, similar to engineered materials. Planted vegéAith both of these methods, appropriate plant species
tation controls erosion and serves as good wildlife andshould be used in a manner consistent with their natural
fisheries habitat in riparian systems. Guidelines are gerhabitats, that is, in an effort to emulate natural conditions
erally lacking for use of bioengineering treatment onor processes. This is often done with streambank zones
streambanks, which often explains why bioengineering igshat more or less correspond with microhabitats of native
not used more often. plant species in local stream environments. Where possi-

RESEARCH OBJECTIVE: This investigation docu- °\¢» Poth herbaceous and woody species are used with
. : . . ass or grass-like plants in the lowermost zone that is
ments successful bioengineering attempts in Europe al

the United States by surveying the literature, relatingg anted; shrubby, woody vegetation is used in the middle

. ] X one; and, for the most part, larger shrubs and trees are
personal observations in Europe and the United States beY . :
. ; . - @stablished in the uppermost zone. These zones are re-
the authors, and by monitoring recently applied bioengi- . p i
: ; ) sgecnvely called the “splash, bank, and terrace zones.
neering treatments on several stream systems in variou
parts of the United States. Several case studies whe®VAILABILITY: The reportis available on Interlibrary
treatments were installed and monitored appear in Report 2oan Service from the U.S. Army Engineer Waterways
Examples of other treaments at various locations arExperiment Station (WES) Library, 3909 Halls Ferry
related in Report 1. Attempts were made, where possibleRoad, Vicksburg, MS 39180-6199; telephone (601)
to document local flow velocities and average strean634-2355. To purchase a copy, call the National Techni-
velocities to which treatments were applied. Thus, arcal Information Service (NTIS) at (703) 487-4650. For
empirical way of approximating some tolerance thresh-help in identifying a title for sale, call (703) 487-4780.
olds is presented that will aid designers in choosingNTIS numbers may also be requested from the WES

appropriate treatments. librarians.

SUMMARY: This study provides guidelines for using
bioengineering treatments in a prudent manner while tem-

About the Authors:  Mr. Hollis H. Allen is an ecologist, WES Environmental Laboratory. Mr. James
Leech is a hydraulic engineer, WES Coastal and Hydraulics Laboratojnt of contact is Mr. Allen,
telephone (601) 634-3845.
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Preface

The work described herein was authorized by Headquarters, U.S. Army
Corps of Engineers (HQUSACE), as part of the Environmental Impact Re-
search Program (EIRP). The work was performed under Work Unit
32830, Bioengineering for Streambank Erosion Control. Messrs. Hollis H.
Allen and James R. Leech, Environmental (EL) and Coastal and Hydraulics
(CHL) Laboratories, respectively, of the U.S. Army Engineer Waterways
Experiment Station (WES), were the Principal Investigators of this work
unit. Ms. Cheryl Smith and Messrs. Frederick B. Juhle and Forrester
Einersen were the HQUSACE Program Monitors for this work.

Mr. Dave Mathis wes the EIRP Coordinator at the Directorate of Re-
search and Development, HQUSACE. Dr. Russell F. Theriot, WES, was
the EIRP Program Manager.

Participants in the study, in addition to the authors, included several
scientists and practitioners from State agencies and private consultants.
These included Ms. Wendi Goldsmith, Bioengineering Group, Salem,
MA; Messrs. Donald Roseboom, Thomas Hill, and Jon Rodsater, Illinois
State Water Survey, Peoria, IL; Mr. Alan Czenkusch, Colorado Division
of Wildlife, Aspen, CO; Messrs. William N. Johnson and Sky DeBoer,
Earth Resource Investigations, Carbondale, CO; and Mses. Catherine D.
MacDonald and Cynthia M. Walck, California Department of Parks and
Recreation.

Special thanks is extended to Messrs. Bill Miller and David LaGrone,
U.S. Army Engineer District, Omaha, for contributing to documentation
of a bioengineering project on the upper Missouri River, near Wolf Point,
Montana. Mr. Miller was project manager for the stabilization project and
Mr. LaGrone was design engineer.

Thanks is extended to several persons who helped review the manuscript.
These include Dr. Craig Fischenich, EL, and Messrs. Chester Martin, EL,
and Noel R. Oswalt, Hydraulic Engineer, retired from CHL. Permission
to use copyrighted material was obtained from Land and Water, Inc., Fort
Dodge, IA (Figures 19, 30, and 31), and the Construction Industry Re-
search and Information Association, London (Figures 13 and 43).

The report was written by Messrs. Allen and Leech under the direct
supervision of Dr. Michael F. Passmore, Chief, Stewardship Branch, EL,
and under the general supervision of Dr. Robert M. Engler, Chief, Natural



Resources Division, EL, and Dr. John W. Keeley, Assistant Director, EL,
and Dr. John Harrison, Director, EL.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.

This report should be cited as follows:

Allen, H. H., and Leech, J. R. (1997). “Bioengineering for
streambank erosion control; Report 1, Guidelines,” Technical

Report EL-97-8, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS.

The contents of this report are not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.
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Conversion Factors, Non-Sl to Sl
Units of Measurement

Non-Sl units of measurement used in this report can be converted to Sl
units as follows:

Multiply By [To Obtain

cubic feet 0.02831685 cubic meters

degrees (angle) 0.01745329 radians

Fahrenheit degrees 5/9 Celsius degrees or kelvins®
feet 0.3048 meters

inches 2.54 centimeters

pounds (mass) 0.4535924 kilograms

quarts (U.S. liquid) 0.9463529 liters

tons (2,000 pounds, mass) 907.1847 kilograms

1 To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the
following formula: C = (5/9) (F-32). To obtain kelvin (K) readings, use the following formula:
K = (5/9) (F-32) + 273.15.

Xii



Figure 18. Installed log revet-
ment with coir
geotextile roll
combination,
Roaring Fork
River, Colorado
(Wetland vegeta-
tion is seeded or
planted in back-
filled soil placed
in a depression
between revet-
ment and land.
Rock is placed
on top to prevent
scour)

ROOT WAD CONSTRUCTION-PLAN VIEW

angle root wads upstream
towards stream flow

ot . Gz shingle bottom supports logs
Wi Y 5';/ P \_flow > flush wiith one another
A ‘.“\' b .

>
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bottom support log (use hardwood trees) [ £

cut off anchor log

root wad log (use hardwood trees)

when backfilling over and around bottom support logs,
root wad logs and cut off anchor logs, pack rock and logs
in between ALL voids to firmly secure all components
including joints, connections and gaps

Figure 19. Schematic of root wad construction (from Bowers 1992)
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root wads are laid on top of a keyed-in shelf of stone and support logs.
This shelf includes a layer of bottom support logs flush with one another,
shingled together, and running parallel to the streambank. The root mass
should be a minimum of 5 ft in diameter and angled slightly upstream to-
wards streamflow. This treatment should be placed at a base elevation
that is consistent with water levels during the major part of the growing
season, i.e., June through September. The bottom two-thirds of the root
wad should be in water during that period of time. The upstream and
downstream ends of the root wad treatment should be tied into hard points
made from rock or some natural hard feature so as to prevent flanking.

Figure 20 shows a treatment using root wads on the Upper Truckee
River in California near South Lake Tahoe, where this treatment and oth-
ers were monitored for a couple of growing seasons (see also Report 2).
Various local flow velocities were measured along the treatment on the
fall of the hydrograph. These ranged from 1.6 to 4.0 fps at 0.6 depth of
flow and 4 ft out from the right bank. The root wads sufficiently reduced
local flow velocities so that vegetation had a chance to get established and
stabilize the bank despite a major flood in the spring and summer of 1995
where floodwaters overtopped the bank. Rosgeated that on a root wad
treatment on the Blanco River in Colorado, that local velocities in the vi-
cinity of the root wads were 12 fps and yet willow clumps installed in
with the root wads and the root wads themselves did not fail.

5 e T '_: gt e i,
Fi T i - : g e - ".,',_":-;,'*‘—_, W,

s AR L o i W
PSR T A SR i

Figure 20. Root wads soon after installation on Upper Truckee River, Cali-
fornia, near South Lake Tahoe (Voids within and between
root wads are filled with a soil mix and planted with live,
vegetative clumps or root pads, such as willow)

Personal Communication, July 1996, Dave Rosgen, President, Wildland Hydrology,
Pagosa Springs, CO.

Chapter 2 Bioengineering Design Model



Deflector dikes are any constructed protrusions into the water that de-
flect the current away from the eroded bank. These consist of transverse
dikes, hard points, groins, bendway weirs, and stream barbs. They are usu-
ally made of rock, but other materials such as logs or trees can be used.
As mentioned above in the Dusseldorf, Germany, example, bioengineered
treatments often use vegetation between deflector dikes. The dikes and
the bioengineered treatments work as a system to stabilize the streambank.
Transverse dikes differ from hard points or groins by projecting further
out into the stream. Bendway weirs and stream barbs are low rock sills.
Flows passing over them is redirected so that the flow leaving the struc-
ture is perpendicular to the center line of the structure. Derrick (1996) de-
scribes the construction and use of bendway weirs both on the Mississippi
River and on smaller streams in northern Mississippi. In the latter case,
bendway weirs were successfully used, in part, with a dormant willow post
method of stabilizing the streambank (to be discussed below). Shields,
Knight, and Cooper (1995) describe the benefits to aquatic habitats on
small streams in northern Mississippi by use of such weirs. The structures
increased pool habitat availability, overall physical heterogeneity, riparian
vegetation, shade, and woody debris density. To design deflector dikes
with vegetation, persons are needed with training both in hydraulic engi-
neering and bioengineering working as a team. Hydraulic engineers should
be consulted for design, construction, and placement of the deflector dike,
and bioengineers or someone with training in botany should be consulted
for use and placement of the vegetation.

A combination of materials, as mentioned above, can be used in the
toe zone. Deflector dikes can be used with plants incorporated in the dike
system for erosion control as well as fisheries habitat. Figure 21 shows a
schematic of a coir geotextile roll. As illustrated in the figure, it is used
in combination with rock at the base and around the ends with some open-
ings for the ingress and egress of fish and other aquatic organisms. The
coir is stuffed into a rope mesh material made either out of coir itself or of
polyethylene. The roll is planted with emergent aquatic plants. The coir
accumulates sediment and biodegrades as plant roots develop and become
a stabilizing system. Figure 22 shows several on a German stream. Each
structure serves to redirect the current away from the bank so that vegeta-
tion can be installed in between. The plants in the structure furnish shade
and cover for aquatic life. While the rock of the structure would be in the
toe zone, the roll and the aquatic plants would be on top of the rock and
abreast of it. The roll would actually grade into the next higher zone, the
“splash zone.”

Splash zone

The coir roll mentioned above can also run parallel to the bank with

rock in the toe zone providing the foundation and additional protection at
the base of the roll itself. Sometimes, the coir roll is all that is used in the
toe zone when currents or waves are not strong or big enough to justify
rock. Then, vegetation is planted or grown in the roll to form part of the
splash zone. Figure 23 is a schematic of a coir roll abutted to an unshaped
bank with some backfill. Figure 24a-d show such a treatment in a stream

in Germany and planted with emergent aquatic vegetation, such as bulrushes,

Chapter 2 Bioengineering Design Model
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iris, and sedges. Vegetation can be grown in the roll at a nursery and then
transferred to the planting site with vegetation almost established.

—n

o~

W oE

Figure 21.

Schematic of a coir geotextile roll and rocks (Roll is planted
with wetland vegetation. Used as a deflector system while
serving as aquatic habitat) (Photo courtesy of Bestmann
Ingenieurbiologie, Wedel, Germany)

Figure 22.

Photo of coir geotextile roll and rocks with wetland plants
serving as a deflection system and providing aquatic habitat
on a German stream (Note that two can be seen on opposite
bank also) (Photo courtesy of Bestmann Ingenieurbiologie,
Wedel, Germany)

Chapter 2 Bioengineering Design Model



Figure 23. Coir geotextile rolls are used to stabilize streambanks and
permit planting of wetland vegetation within them (Coconut
fiber accumulates sediment and biodegrades as plant roots
develop and become a stabilizing system) (From Bestmann
Ingenieurbiologie, Wedel, Germany)

Coir rolls and emergent aquatic vegetation have also been used in this
country recently. One such use was on the North River near Colrain, MA.
It was monitored as a part of this work unit for two growing seasons.

That case study is presented in Report 2. Both single and double coir rolls
were used in different sections of the streambank. In the latter case, an-
other roll was placed upslope from the first one. Both were planted by in-
serting clumps of emergent aquatic plants in them. Where overhanging
banks occurred and were void of woody vegetation, an evenly sloped bank
was achieved by shaping and backfilling using a small front-end loader.
Shaping, however, was minimized where possible in an effort to prevent
disturbance of the bank and existant vegetation. It should be reiterated
that the coir rolls should be keyed well into the upper and lower ends of
the reach being treated. The authors discovered after the 2-year formal
monitoring period, that the coir rolls had apparently been flanked at the
upper end as a result of flooding in the fall of 1995 and that the project
unraveled.

The clumps of emergent aquatic plants mentioned above that were
placed in the coir rolls were grown from seedlings placed in a coir wrap-
ping and allowed to develop hydroponically (in water without soil, but
with nutrients added). This leads to a well-developed, but light and easily
transportable plant unit with roots readily established and poised to grow
in a planting medium, such as the coir roll or in a soil substrate.

Chapter 2 Bioengineering Design Model
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The splash and bank zones will be the principal focus for bioengineering
applications. Itis in these zones that the designer must tailor vegetation
types and bioengineering structures to be commensurate with velocities
that they can sustain. Hoag (1993) suggests that maximum flow velocities
should not exceed 3 fps for herbaceous plantings, 3-5 fps for woody and
herbaceous mixed plantings, 5-8 fps for woody plantings alone, and that
maximum flows above 8 fps require soil-bioengineering approaches.

For the case studies examined and monitored for this report, measured
velocities for local flow conditions around the bioengineering treatment
never exceeded 10 fps. Maximum velocities sustained and recorded by
bioengineering treatment types are shown in Table 2. As previously men-
tioned, these may not represent the maximum velocities encountered, as
they were usually taken on the fall of the hydrograph. Also, local rough-
ness imparted by the bioengineering treatment would have slowed velocities
in its vicinity.

Table 2

Local Flow Velocities Sustained by and Recorded for Various Bioengineering
Treatments Monitored by This Project

(Figures 34 and 35)

Maximum
Type of Bioengineering Velocity

Location Treatment Recorded, fps Notes

Roaring Fork River, CO Log revetment with coir geotextile 10.0 Logs anchored in the bank with
roll and grass seeding above roll heavy duty cables. Rock jetties
(See Figures 17 and 18) used for hard points at strategic

points.

Snowmass Creek, CO Root wads with large root pads 8.7 Lack of maintenance during spring
(clumps) of willow (See Figures 19 1994 (additional root wads at scour
and 20) points) caused partial washout of

the upper meander during spring
flood of 1995.

Upper Truckee River, CA | Root wads with large clumps of 4.0 Lower velocities measured in and

willow (Figures 19 and 20) around bioengineering treatment
than further out into channel; this
can be attributed to larger
roughness coefficient.

Court Creek, IL Dormant willow posts with rock toe | 3.1 Four rows of willow posts on 4-ft

centers; 10- to15-ft-long cedar
trees between 1st two rows of
willow; coir geotextile roll and
riprap placed at toe along meander
apex.

Notes: These are local flow velocities noted in this table and were measured by a flowmeter; all treatments were in their
second growing season after major flood events when these measurements were taken.

Table 2 shows maximum local flow velocities around a root wad struc-
ture with willow root pads to be 4.0 and 8.7 fps for two different treat-
ments at two geographic locations, Upper Truckee River, California, and
Snowmass Creek, Colorado. Itis suspected that these kind of structures,
if properly installed, could sustain velocities much higher than these. It
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was noted earlier in this report that D. Rosdeneasured local flow ve-
locities around root wads on the Blanco River, Colorado, to be 12.0 fps.

Some of the treatments noted in Table 2 had some partial failures even
though at least half of the reaches where these were installed remained in-
tact and the treatments continued to function. The treatment containing
the log revetment with coir geotextile roll on the Roaring Fork River,
Colorado, experienced some failure. The lower half of the reach in which
it was installed washed out after a major flood in the spring of 1995. This
was due to the problem of insufficiently burying and keying in the bottom-
most log of the revetment into the streambed. Consequently, scour under-
mined the structure, and it failed along the lower half of the reach.

The root wad structure on Snowmass Creek, Colorado, had a partial
failure. After the spring runoff in 1994, the sponsor noticed minor dam-
age around certain critical points that needed maintenance, the addition of
more root wad logs. The contractor instead placed rock at inappropriate
places. Consequently, the creek flooded during the spring runoff of 1995,
and the outside of the lower section of the upper meander washed out and
eroded about 6 ft of bank. In these two cases, it points to the need for prop-
erly keying in structures for toe and end protection and to monitoring and
possible maintenance early in the life of a bioengineering project. Early
monitoring and maintenance can actually prevent these failures and other
more severe impacts caused by the failures. For example, if the root wads
in the Snowmass Creek example above were dislocated, they could cause
more severe erosion than normal erosion without the bank treatment. This
early monitoring and maintenance should be included in the construction
contract at the outset.

Personal Communication, July 1996, Dave Rosgen, President, Wildland Hydrology,
Pagosa Springs, CO.
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3 Plant Acquisition, Handling,
and Timing of Planting

Almost all of the plants used in bioengineering can be considered wet-
land plants, either obligative or facultative. Some of the exceptions would
occur in the terrace zone that is infrequently flooded; however, all must
be somewhat flood tolerant. Both herbaceous and woody plants are used.
Herbaceous plants may be emergent aquatic plants like rushes and sedges
or grasses and other forbs that require nonaquatic but moist conditions at
least part of the year. The herbaceous plants are usually acquired as vege-
tative material such as sprigs, rhizomes, and tubers. Sometimes seed is
acquired, but is used when the threat of flooding is low in the bank and
terrace zones. Otherwise, they would wash out quite easily unless they
are seeded underneath or in a geotextile mat or fabric that is securely
anchored.

Woody plants used for bioengineering purposes usually consist of stem
cuttings, those that quickly sprout roots and stems from the parent stem.
These are plants such as willow, some dogwood, and some alder. They
can be supplemented by bare-root or containerized stock, particularly in
the bank or terrace zones where they are not subjected to frequent flood-
ing. Gray and Sotir (1996) list several such plants that can be used in bio-
engineering and relate their flood tolerances, along with some other
characteristics.

There are three suitable methods to acquire plants for bioengineering
treatments. Each has, according to Pierce (1994), noteworthy advantages,
but critical disadvantages that make plant acquisition and handling an im-
portant and complex process. The three methods are to: (a) purchase
plants, (b) collect plants from the wild; and (c) propagate and grow plants.

Regardless of the method chosen, it is necessary to conduct the follow-
ing steps (Pierce 1994):

a. The available hydrologic regime and soil types should be deter-
mined. General positioning of the plant type, e.g., emergent
aquatic, shrubby willow, should be in accordance with the plant
zone (splash, bank, and terrace) defined in Chapter 2.

b. A list of common wetland plant species in the region and more
preferably in the watershed containing the stream of concern
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should be prepared, and these should be matched to the hydrology
and substrate of the target streambank reach to be addressed.

c. Species should be selected that will match the energy of the envi-
ronment and the hydraulic conveyance constraints that may be im-
posed by the situation. For instance, one must be careful to use
low-lying and flexible vegetation that lays down with water flows if
hydraulic conveyance must be maximized. In such cases, use flood-
tolerant grasses or grass-like plants and shrubby woody species.

d. Species should be selected that will not be dug out or severely
grazed by animals, especially muskr@ndatia zibethieus nutria
(Myocastor coypgs beaver, Canada geese, and c&ggrinus
carpio). Other animals may influence plant growth and survival.
If plants chosen are unavoidably vulnerable to animal damage,
then plant protection measures must be used, such as fencing,
wire, or nylon cages around them or use of repellents.

e. Additional special requirements and constraints of the site should
be determined. For instance, some sites may be prone to sediment
deposition or have a bank geometry that is almost vertical. In such
cases, it may be difficult to obtain success with emergent aquatic
plants that may become covered with sediment and suffocate or
which have water too deep in which to grow unless the bank is
reshaped. The former situation may necessitate the use of willow
that can be planted as cuttings or posts and be less susceptible to
complete coverage by sediment.

f. A suite of species that would be suitable should be prepared. This
may be limited to those currently available from commercial
sources if there is no possibility to collect in the wild or have
plants contract grown.

Pierce (1994) also gives a number of steps and advantages and disad-
vantages of the three methods of acquiring plants, and these have been
adapted with some modifications below. Each project will have unique
situations, but the following will serve as a guide.

Purchasing Plants

The steps for purchasing plants are as follows:

a. A list of wetland plant suppliers should be acquired, such as
“Directory of Plant Vendors,” (USDA Soil Conservation Service
1992). Vendors’ catalogs and plant availability lists should be
requested.

b. The condition in which the plants from each supplier are to be
delivered should be determined—potted, bare root, rhizomes and tu-
bers, or seed. This is important because if the plants are to be used in
the splash zone where they may be partially covered with water, seed
of emergent aquatic plants will not germinate underwater.
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The plant list should be matched against species availability, and
one should not assume that all species advertised will be available
in needed quantities.

Samples should be ordered, if available, and plant condition and
identification verified.

A flexible delivery schedule should be negotiated allowing for
unpredicted delays in planting.

Some suppliers may grow plants on contract, but it will be necessary
to contact them several months to a year before the plants are
needed.

Advantages

The advantages of purchasing plants are as follows:

a.

Plants are readily available at the planting location in predicted
guantities and at the required time.

No special expertise is required to collect or grow the plants.

No wild source for the plants must be found, and there are no har-
vesting permits to obtain from State or local governments.

Cost can be more readily predicted and controllable than harvesting
from the wild or growing one’s own.

Disadvantages

The disadvantages of purchasing plants are as follows:

a.

b.

Plants may arrive in poor condition.
Selection of species is limited.

Plants may not be adapted to the local environment. Contract
growing may solve this problem.

Cost may be high and shipping cost needs to be considered.
Quantities may be limited.
It may be necessary to store large quantities of plants and conse-

guently necessitate procurement of adequate and appropriate
storage facilities.

65
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Collecting Plants From the Wild

Collecting plants from the wild may be very demanding because of
hard-to-reach plants that are off main access routes. Wild plants must
then be moved immediately to a nursery or holdover site or to the project
site. Logistical and plant handling problems need to be carefully assessed
and solutions planned well ahead of time. Care should be taken if this
method is selected because of the possibility of contaminating the har-
vested donor plants with unwanted weedy species that could become a
problem at the project site. Samples should be collected ahead of time in
order to determine what kind of problems will be encountered in collect-
ing, transporting, and storing each species. Caution should be exercised
in collecting plants from harvesting areas so that the plant community is
not extirpated, left functional, and the ecosystem not damaged. This can
be done by not harvesting in one spot, but dispersing the harvest areas.
Care should be taken by harvesting only fairly common plants. Certainly,
rare plants should be avoided.

Advantages

The advantages of collecting plants from the wild are as follows:

a. Plants are likely to be ecotypically adapted to the local environment.
b. Plants can often be collected at a low cost.

c. Plants can be collected as needed and will not require extended
storage.

d. Availability of species is very flexible and can be adjusted as the
need arises.

e. No special expertise is required to grow the plants.

f. A very wide diversity of plants is available.

Disadvantages

The disadvantages of collecting plants from the wild are as follows:

a. Weedy species may contaminate the source area and be inadver-
tantly transplanted.

b. A suitable area must be found, and more than one donor area may
need to be located.

c. Plants may not be in an appropriate condition for planting. For in-
stance, they may be highly stressed, diseased, or insect infested.

d. Species must be accurately identified, or rare plants or weeds may
be harvested by mistake.

Chapter 3 Plant Acquisition, Handling, and Timing of Planting



e. Cost of collection and logistics may be very high.

f. Outdoor hazards such as snakes, adverse weather, noxious plants,
e.g., poison ivy and stinging nettles, parasites, and other inhibiting
items may interfere with collection efforts.

g. Itis often necessary to procure a permit for collecting from native
plant sources and wetlands, in particular.

Growing Plants

Plants to be grown for planting can be grown in a greenhouse or other
enclosed facility or, in the case of emergent aquatics, outdoor ponds or
troughs containing water. In either case, the plants must first be acquired
from the wild or other growers and propagated. If seeds are used for
propagation, they must first be stratified (subjected to various treatments
such as soaking and temperature differences), but germination require-
ments for most wetland plant seeds are unknown. If a greenhouse is to be
used, a number of limitations and constraints must be overcome, such as
room for pots, adequate ventilation, and requirements or problems associ-
ated with fertilizing, watering, and disease and pest control.

Plants can be grown in coir carpets (Figure 25a-c), mats, or rolls, to fa-
cilitate early establishment, ease of transport, and rapid development.
Emergent aquatic plants, especially, may be hydroponically grown in the
greenhouse or in outside troughs. Then, they can be transported to the
planting site ready to grow with roots already established in the carpet,
mat, or roll. The U.S. Army Engineer Waterways Experiment Station
(WES) used a coir carpet for this purpose in 1983 for growing and trans-
porting ready-to-grow plants to a site in Mobile Bay for erosion control of
dredged material. This same concept can be used along streambanks and
can be used to an advantage when one is in an area with short growing sea-
sons or where rapid installation is mandatory.

Advantages

The advantages of growing plants are as follows:

a. All of the advantages of purchasing plants can be realized.

b. The variety of species available can be as diverse as for plants col-
lected in the wild, and plants can be planted in large quantities.

c. Plants can be available earlier in the season than purchased or col-
lected plants.

d. Low costis one of the primary reasons to grow stock for planting.
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Disadvantages

The disadvantages of growing plants are as follows:

a. Space and facilities must be dedicated to growing plants.

b. Personnel with time and expertise to grow the plants may not be
available.

c. There is an up-front investment in both fixed and variable overhead
items in order to establish a growing facility, and it may not be jus-
tified unless there is a large and continuing need for planting stock.

Handling of Plant Materials

Plants need to be handled carefully to ensure their survival between the
phases of acquisition (purchasing, growing, or harvesting from the wild)
and transplanting because they will undergo transportation and planting
shock. Many problems associated with poor plant survival occur from the
handling of the plants between the nursery or collection site and the pro-
ject planting site. Generally, the plant material needs to be kept cool,
moist, and shaded (Hoag 1994b). They must be treated as living material;
if the living attributes are lost, then the project is much more prone to fail
even though dead plant materials in a bioengineering treatment can offer
some erosion control through their physical attributes, e.g., acting as bank
armor, runoff retention through checkdam effects, current and wave deflec-
tors. Plants are most easily collected when dormant. When plants are dor-
mant, there is substantially more forgiveness in how they are handled.

Woody plants

Woody plants, particularly cuttings, should be collected when dormant;
their survival decreases a lot if they are harvested and planted in a nondor-
mant state. With bareroot or unrooted cuttings, keep them cool, moist,
and in the dark until they are ready to be planted (Hoag 1994b). They can
be stored in a large cooler at 24-32 °F until just before planting. Cuttings
can be stored in this manner for several months (Platts et al. 1987). The
cuttings can be kept in a cooler, root cellar, garage, shop floor, or any
place that is dark, moist, and cool at all times (Hoag 1994hb). Often, cut-
tings are placed on burlap and covered with sawdust or peat moss and then
covered with burlap after being moistened.

Hoag (1994b) advocates soaking of cuttings for a minimum of 24 hr,
whether they are coming out of storage or directly after harvesting in the
late winter to early spring (Hoag, Young, and Gibbs 1991a,b; Hoag 1992).
Some research recommends soaking the cuttings for as much as 10-14 days
(Briggs and Munda 1992; Fenchel, Oaks, and Swenson 1988). The main
criterion is that the cuttings need to be removed from the water prior to root
emergence from the bark. This normally takes 7 to 9 days (Peterson and
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Phipps 1976). Soaking is important because it initiates the root growth
process within the inner layer of bark in willows and poplars (Hoag 1994bh).

When woody plants are moved from the nursery, holding, or harvesting
area, to the project site, they should continue to receive careful handling
by keeping them moist and free from wind dessication. The latter can be
achieved by ensuring they are covered with a light-colored (to reflect
heat) and moist tarp. In the case of cuttings, they can be moved to the pro-
ject site by moving them in barrels with water in them or some similar
method. Actual planting of the plants shall follow the digging of holes as
soon as possible, preferably no longer than 2-3 min, so that the excavated
soil does not dry out. Use only the moist, excavated soil for backfill of
the planting hole. Backfill should be tamped firmly to eliminate all voids
and to obtain close contact between the root systems and the native soils.
When using containerized or balled and burlap stock, excess soil should
be smoothed and firmed around the plants leaving a slight depression to
collect rainfall. Plants should be placed 1 to 2 in. lower than they were
grown in the nursery to provide a soil cover over the root system (Leiser
1994).

Herbaceous plants

Plant handling requirements of herbaceous plants are even more rigor-
ous than woody plants as a general rule because they are usually obtained
in the spring when nurseries have them ready to ship or when they are
readily identified in the wild for collection. At those times, they are very
susceptible to dessication mortality. Consequently, they must be keptin a
moist, shaded condition, or even better, in water-filled containers from the
time of collection from the wild or receipt from the nursery to the time of
transplanting. If herbaceous plants are identified and tagged for collection
in the spring or summer, they can be collected when dormant in the late
fall or winter. During those times, they can be handled more freely, but
should still be prevented from drying out. When transporting from the
nursery, holding, or harvesting area to the project site, this should be in a
covered vehicle. If the weather is very hot, cooling from ice or refrigera-
tion may be necessary. Exposure to high winds should be avoided. Plants
can be placed in a water-filled ditch or covered with soil in a shaded area
for storage of several days while awaiting planting. It is best not to store
plants longer than necessary, and delivery should be scheduled to match
planting dates.

If herbaceous plants are to be grown, they will need to be grown from
seed or from collected rhizomes, tubers, or rooted stems or rootstock from
the wild. Most wetland plant seed needs to be stratified and will not ger-
minate underwater even after stratification. An experienced wetlands nurs-
ery person should be consulted before attempting to grow wetland plants
from seed. Often, a cold treatment underwater is necessary for stratifica-
tion (Pierce 1994). There are various other stratification methods of wet-
land plants, such as hot and cold temperature treatments and treatments
with various fertilizers. Rhizomes, tubers, and rooted stems and rootstock
of wetland herbaceous plants can be grown out in wet troughs or ditches
and ponds containing fertilized sand and peat moss. Only enough water is
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necessary to keep the rhizomes, tubers, etc., from drying out. Plants can
be grown out in the greenhouse over colder months, but will require hard-
ening before transfer to the project site.

Hoag (1994b) stated that hardening off can be accomplished by removing
the plants from the greenhouse and placing them in a cool, partially shaded
area for 1-2 weeks. This is generally a lathe or slat house. Some are con-
structed with snow fencing, which has wooden slats woven together with
wire. According to Hoag (1994b), this type of structure allows a small
amount of direct sunlight and solar radiation through the slats to the plants,
but not enough to burn them. A partially shaded spot near the planting
site will also work. Itis important to keep the plants well watered and
misted during the hardening off period.

Timing of Planting

Woody plants

Woody cuttings and transplants should always be planted in the dor-
mant season for best chance of survival and growth. If they cannot be
planted in the dormant season, they should be held in cold storage, around
28 °F, until they can be planted. Refrigerated trucks or vans are often
used for this. Sometimes, storage lockers can be found and rented to keep
materials dormant. Woody plants can be considered dormant when their
buds are set in the fall, usually after the first hard freeze, until late winter
to early spring when buds are noticed to swell.

Whether to plant in the fall or late winter-early spring will depend upon
the hydrology of the stream system in which one is working and the cli-
matic conditions. If water levels are expected to be down in the fall and
winter and if plants can obtain growth in the early spring prior to flood
events, then planting at that time may make sense. Conversely, if water
levels may fluctuate dramatically during the dormant season with accom-
panying high velocities, then it may make sense to plant in the late spring
after the threat of flood events. In any case, it is best to choose a planting
period where water levels are apt to be at normal flow levels or near nor-
mal flow levels, if possible.

According to Leiser (1994), fall plantings may be preferred in areas
with late growing seasons, winter rains, and summer drought. This allows
a longer period of establishment before late spring when flooding or
drought occurs. However, bare-root plants may not be available until late
fall or even mid-winter. Late fall plantings may not be desirable where
late fall droughts occur, or where frost heaving is severe before new root
growth occurs. Spring planting dates are usually required for bare-root
stock, where sites are subject to late fall and winter frost heaving problems,
or where flooding occurs in late fall to early spring. Spring planting
should be scheduled as early as site conditions permit. Summer plantings
should be avoided.
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Herbaceous plants

Herbaceous pants, such as emergent aquatic plants, can be planted dur-
ing both dormant and nondormant times of the year. However, if they are
planted in the nondormant season, they should be planted as early in the
spring as possible to capitalize on maximum growth during the growing
season. Plantings during hot, summer months should be avoided because
of the risk of drying plant stock and associated planting shock and possi-
ble mortality. If planted during the dormant season, attention should still
be given to the risk of flooding and current velocities that may wash the
plants away before they have a chance to establish their roots in the sub-
strate.
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4  Monitoring and Aftercare

Philosophy of Monitoring and Aftercare

Most agencies and private entities cannot afford extensive monitoring in
an operational setting in contrast to very definitive monitoring in a research
and development setting. This discussion focuses on the operational setting.
Bioengineering projects continue to grow stronger and stronger, once bed
degradation is controlled, toe undercutting and scouring at upper and lower
ends of reach have been arrested, and plants become established. Deeply
penetrating plant roots hold the soil together, and upper stems deflect current
and wave energy and slow local flow velocities. Then, sedimentation takes
place and other pioneer plants start to invade and further contribute to stabil-
ity. The key, however, is to ensure that this early-on establishment of plants
takes place, and this requires early monitoring and possible remediation.
Thus, early maintenance may be called for if this establishment is jeopardized.
In contrast, traditional projects such as riprapped revetment may not require
maintenance early in the project life, but may need major maintenance at a
much higher cost a few years later. So, bioengineering may require early-
on monitoring and remediation with the trade-off being no maintenance or
little maintenance in later years. Figure 43 (from Coppin and Richards

1990) illustrates this point.

Approach using entirely
inert structures
o Bioengineering
(3
A/approach
— \-.__“.JA\
Investigation Construction Management Replacement or
and Design and monitoring rehabilitation of
inert structure
Time
Figure 43. lllustrations of different expenditure profiles and maintenance

(implied) of inert structures and bioengineering treatments

(from Coppin and Richards 1990)
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Bioengineering projects need to be observed early after project con-
struction for signs of plant survival and development, as well as for
streambank integrity. At least qualitative monitoring should be done to
ensure that detrimental phenomena do not jeopardize the project. For in-
stance, Court Creek, lllinois, one of the project case studies discussed in
Report 2 had an infestation of spider mites. Within a month or so after
planting, spider mites had damaged almost all of the leaves on the willow
that were being used for stabilization. Without remedial spraying, project
failure could have resulted. In another case study, North River, Massachu-
setts (Report 2), a drought occurred the first year after planting and killed
much of the planted emergent aquatic vegetation. Remedial planting had
to be done the following year to compensate for drought mortality. Also,
along with vegetative development, streambank integrity needs to be ob-
served to ensure that unraveling of the bank is not occurring from such ac-
tions as undercutting of the toe or flanking at the upper or lower ends of
the treated section. If this is occurring, then corrective measures need to
be taken immediately, such as placing more rock or some other hard struc-
ture in those places. Projects should be monitored at least a couple of
years after development at a minimum. Preferably, they should be moni-
tored through 1-2 flood events where currents are directed on the treated
bank. One can then assess whether the site remains stable or unravels. In
the latter case, remediation can occur. Site monitoring in bioengineering
projects should be written into the contract specifications so that early re-
mediation does not become a part of operational and maintenance costs,
which often have to be budgeted separately within many agencies.

Direct Documentation of Erosion Protection

Aerial photographic monitoring

Each bioengineering reach and associated treatment, e.g., rock toe with
brush matting, vegetative geogrid, should be monitored for erosion directly
by use of aerial photogrammetric techniques. This will allow evaluation
of changes occurring at the land-water interface providing the procedures
discussed below are used.

Aerial photo coverage should be flown at least twice a year for the first
2-3 years or immediately after a flood event. Suggested times are in the
spring and in the fall. Low-water periods are preferable. Photo flights
should be highly controlled; that is, the scale of repeated flights must be
the same. A suggested scale is 1:1,000. Also, three ground control points
of known location and dimensions should be used per frame to provide ac-
curate photogrammetric measurements, and these should be orthogonally
corrected when processed to negate distortion. Recommended film type in
priority order is (a) color infrared and (b) color. To allow comparisons of
repeated photo coverage, flights must be made during low-water periods
and when river water levels correspond to each other; that is, at or below
previous photographic periods. Overlays can be made on the photos that
will delineate the water-interface boundary. Subsequent overlays can be
compared showing any changes in the water-interface boundary (see
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Figure 44). Photographic measurements can then be made on the overlays
to determine amount of surface area lost to erosion.

Water-land interface
] % at elevation ¥ during
‘ *. 1st year after construction
%

i 1
Lt \

i f Bel
. S gaatg” '] f
o B L
T | P 2, F
! « B a3
P E
Water-land Interface] ~ - = RIVER
during 2nd year k. = -"Rif‘
after construction ts

i

Figure 44. Aerial monitoring of bioengineering treatment (from Logan et
al. 1979)

Ground photographic coverage

Monitoring, at a minimum, should be an array of photographs taken
from the same photo point in the same directions so that later comparisons
of streambank development or degradation can occur very readily. Prefer-
ably, this will be used to supplement the aerial photo coverage and meas-
urements mentioned above. Photos should be taken at established photo
points with photos taken periodically for a given azimuth. These should

be taken at the same time the aerial photos are taken, again at low-water
periods, if possible; however, others can be taken at intermittent times if
deemed necessary.

Ocular description

As a further effort to document erosion, a description of any erosive

processes must be made at the same time the ground photos are made.
Processes that must be documented and particularly noted include such
things as slumping from geotechnical failures, rilling, gullying, toe under-
cutting or launching, flanking at upper or lower ends of treatment, and
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scouring at other areas within the reach from either current or wave ac-
tion. Descriptive estimates of degree of severity for each of the above
processes per treatment and reach with backup photos should be made.

Indirect Documentation of Erosion Protection

Erosion protection is assumed to be offered by the vegetation if the
plants are surviving and developing; that is, covering the site. The devel-
opment of the vegetation needs to be monitored and possibly correlated, at
least from a visual standpoint to the degree of erosion or lack of erosion
taking place on the treated streambank. One would assume, for example,
that vegetative plantings are doing a good job if the vegetation is growing
well in all elevation zones in the project area and if the stream is not un-
dercutting the treatments, flanking them, or scouring them to the point of
failure.

Aftercare

As mentioned above, early monitoring may mean some early remedia-
tion and maintenance just to ensure long-term viability. What does this
early remediation and maintenance mean? Does this constitute periodic ir-
rigation or repeated fertilizer application? It does not as a regular rule.
However, plants should be well watered immediately after planting. Bioen-
gineering projects are normally installed at a time of the year, such as
early spring, where precipitation is sufficient to allow the planted vegeta-
tion to sprout roots and stems and obtain a foothold in its environment.
Plants may also be installed in the late fall during dormancy. Repeated ir-
rigation is not needed then. Hopefully, fertilizer and other soil treatments
were applied before or during planting, if needed, and they should not be
required again, unless unusual circumstances prevail.

Possible aftercare requirements may mean bolstering a particular treat-
ment with additional plants or even inert materials after an immediate
flood event. Flooding may have caused some plants to wash out before
they had a chance to secure themselves with their roots. Hopefully, engi-
neered materials, such as wire, stakes, geotextile coverings, rock toes,
etc., would have helped hold the plants and soil until the plants become es-
tablished, but sometimes any one of these materials, either plants or inert
materials, may need bolstering.

Other aftercare measures, as mentioned above, may mean treating plants
with an insecticide or fungicide if insects or disease is widely prevalent. Usu-
ally, this will be the exception rather than the rule. One can overcome
widespread insect or disease damage by emphasizing a wide diversity of
plants in the plant mix so that if one species is attacked, the whole vegeta-
tive treatment will not be jeopardized. Beaver and herbivores, such as
geese, may be a problem in some cases by feeding on woody and emergent
aquatic plants, respectively. Beaver will often chew off the upper part of
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willow and poplar cuttings, but these can resprout and still perform satis-
factorily if the complete cutting or stem is not chewed off or dislodged.

In some cases, where beaver are known to be in the area, then a trapping
program may be advised. Waterfowl, especially geese and swans, like to
grub out emergent aquatic plants as well as feed on the upper parts. Tem-
porary fence corridors made out of wooden slats with tiered twine at-
tached to the slats have been shown to prevent geese from feeding on
emergent aguatic plants. They do not like to feel trapped inside narrow
confines where they cannot escape quickly.
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5 Costs of Bioengineering

Bioengineering treatments are normally much less expensive than tradi-
tional methods of streambank erosion control, e.g., riprapped revetment,
bulkheads, but not always depending on the environmental setting and the
project objectives. Costs can vary tremendously by availability of materi-
als, hauling distances, prevailing labor rates for the geographic area, and a
host of other factors. Table 3 illustrates cost comparisons of actual costs
for a couple of bioengineering installations compared with estimated costs
of riprapped revetment for the same locality under similar conditions. One
will note that the first method, the dormant post method, installed in north-
western lllinois, was about one-fourth the estimated cost of riprapped
revetment. The vegetative geogrid installed in California was about four
times the estimated cost of riprapped revetment. In the first case, riprap

Table 3

Comparisons of Actual Costs of Bioengineering Treatments With Estimated Costs
of Traditional Erosion Control (riprapped revetment) Under Similar Conditions in
Same Area

Location and Conditions Type of Treatment Costs, $/lin ft

Court Creek, IL

10-ft bank height; Dormant post and rock toe $15.19 (actual)
3.1 fps local velocity;
1V:1H graded side slope

10-ft bank height; Riprapped revetment $60.00 (est.)
1V:2H side slope;

1.5 ft total rock thickness,

(0.5 ft bedding material);

300# stone size;

1.5 ton/ft;

$40.00/ton delivered and placed

Upper Truckee River, CA

6-ft bank height; Vegetative geogrid $104.00 (actual)
4 fps local velocity;
stacked soil lifts

8-ft bank height (2-ft buried); Riprapped revetment $27.00 (est.)
1V:2H side slope;

18 sq ft rock/ft;

$20.00/ton delivered and placed
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was in short supply and cost much more, which, in part, contributed to a
higher cost than in the California example. Also, the dormant post

method required cheaper materials and less labor than the vegetative
geogrid in California. Riprap in the California example was fairly cheap,
and the slope distance to cover the bank was not great, contributing to a
cheaper installation than the vegetative geogrid. Also, the vegetative
geogrid was fairly labor intensive. Labor accounted for 66 percent of the
overall costs. However, what is not shown in the California example is
that the site is next to a valuable golf course, and the sponsor is also try-
ing to provide shaded riverine aquatic (SRA) habitat for native brown

trout. The vegetative geogrid can be installed on nearly a vertical slope
without much sacrifice to the adjacent land, and it will provide the SRA
habitat shade by providing willow that overhang the banks. The riprapped
revetment option does not provide overhanging vegetation for good SRA
habitat and does require more land to accommodate shaving the bank to an
acceptable construction standard for riprap. It would have required elimi-
nating some of the valuable golf course land. Thus, one must consider the
project objectives and potential benefits and impacts when considering
comparison of bioengineering methods with other traditional techniques.

When comparing bioengineering methods with traditional engineering
applications, Coppin and Richards (1990) stated that each must be consid-
ered on its merits, comparing life-cycle costs, i.e., the net present value of
investigation, design and construction, plus future management and re-
placement. As mentioned earlier, bioengineering will require a higher in-
vestment early in the project life to ensure that the living system is
established. Then, maintenance drops off and the vegetation in the bioen-
gineering treatment continues to grow, spread, and strengthen the stream-
bank through its various attributes mentioned early in this report. Some
maintenance costs may be associated with the bioengineering treatment
later in the project life, but these costs will be rather small. In contrast,
the traditional treatment using inert structures, such as riprapped revet-
ment, will have a high construction cost, a finite serviceable life with an
element of maintenance, and then a substantial replacement or refurbish-
ment cost (Coppin and Richards 1990). Figure 43 effectively illustrates
this cost comparison (Coppin and Richards 1990).

Costs are also difficult to compare when strictly looking at currency
per unit of measure. The most common denominator for arriving at costs
seems to be labor in terms of person hours it takes to build and install the
particular treatment. Then, material costs and equipment rental, etc., have
to be added onto this. The authors could not document time for all of
the bioengineering methods mentioned in the text, but some man-power
estimates are given in the following paragraphs. Also, man-power costs
are given for general applications of seeding and vegetative plantings to
supplement the bioengineering treatments.
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Man-Hour Costs of Bioengineering Treatments

Brush mattress or matting

The cost of the brush mattress is moderate according to Schiechtl
(1980), requiring 2 to 5 man-hours per square meter. In a training session
that WES conducted, a crew of 20 students using hand tools installed
about 18 sq m of brush mattress at a rate of about 1 man-hour per square
meter. This rate included harvesting the brush, cutting branches into ap-
propriate lengths, and constructing the mattress. This rate of production
compares favorably with an average rate of 0.92 sq m of brush mattress
per man-hour by a leading bioengineering firm in the United States.

Brush layering

There are few references on the cost of brush layering. Schiechtl (1980)
reported the cost to be low, presumably in comparison to techniques using
riprap or other similar materials. In the training session mentioned earlier,
a crew of 20 students using hand tools installed about 20 m of brush layer-
ing along one contour-slope in about 30 min. This equates to 2 m per man-
hour. Often, costs can be reduced if machinery such as bulldozers or
graders can gain access to the shoreline site and reduce the hand labor re-
quired in digging the trenches. Then, this would only require workers to
fill the trenches with brush, which can also be covered with machinery.

Wattling bundles (fascines) and cuttings

Leiser (1983) reported man-hour costs for installing wattling and wil-
low cuttings at Lake Tahoe, California (Table 4). These man-hour costs
can be extrapolated to streambanks as well and run about 6 lin ft of wat-
tling per man-hour and 46 small willow cuttings per man-hour. Robin
Sotir quoted an average installation rate of 5 lin ft of fascine production
per man-hour. Obviously, if one were to place a coir fabric between con-
tours of wattling bundles, production rates would decrease substantially.
According to Ms. Sotit who has done this extensively, it would probably
half the amount of linear feet per man-haur.

Personal Communication, 2 August 1996, Ms. Robin Sotir, President, Robin Sotir and
Associates, Marietta, GA.
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Table 4

Man-Hour Costs of Installing Wattling and Willow Cuttings at
Lake Tahoe in 1973 (Leiser 1983)

Labor Man-Hours

Prepare and Install Wattling (1,140 lin ft)

 Scaling or cutting back the bank or slope 2
 Cutting willow whips 27
* Prepare (stack, tie, load) 28
e Layout 9
* Install 75
» Downtime (rain) 10
» Travel (from Sacramento, Marysville) _42

193

Unit Man-Hour Cost: 1,140/193 = 5.9 lin ft per man-hour

Prepare and Plant Willow Cuttings (8,000 cuttings)

* Scaling 2
« Cutting 9
* Prepare 34
* Plant 76
» Downtime (rain) 10
» Travel (from Sacramento, Marysville) _42

173

Unit Man-Hour Cost: 8,000/173 = 46.2 cuttings per man-hour

Dormant willow post method

Roseboom reported that for bioengineering work on a 600-ft reach at
Court Creek, lllinois, it took five men two 8-hr days to install 675 willow
(12-ft-tall) posts on 4-ft centers. This also included installation of a rock
toe (20 tons of 10-in. riprap) with a coir geotextile roll along 300 ft. Also,
60 cedar trees were laid and cabled along the the toe of the slope to trap
sediment. This included an excavator operator along with the four other
men previously mentioned. This equates to about 17 posts per man-hour
that includes harvesting and installing the willow posts plus the other op-
erations mentioned above, e.g., shaping site, cedar tree installation.

Unpublished Report, 1995, D. Roseboom, T. Hill, J. Rodstater, L. Duong, and J.
Beardsley, “Installation and monitoring of willow post bank stabilization enhancements,
Peoria, lllinois,” Contract No. DACW39-95M-4228, U.S. Army Engineer Waterways Ex-
periment Station, Vicksburg, MS.
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Vegetative geogrid

Man-hour costs for 123 ft of a 6-ft-high vegetative geogrid installed
on the Upper Truckee River that was previously mentioned included the
following:

Three days time of:
1 Foreman/equipment operator
1 Equipment operator
2 Laborers
1 Supervisor/project manager

Thus, 120 man-hours were expended on the above project assuming an
8-hr day. This equates to about 1 man-hour per linear foot of treated
bank. About 66 percent of the costs of this treatment can be attributed to
labor.

Man-Hour Costs of Standard Vegetation
Establishment Techniques to Supplement
Bioengineering Treatments

Standard seeding

The cost for broadcast seeding per square meter can vary considerably
according to some literature sources. Reported costs in man-hours per
square meter vary from 0.004 (Kay 1978) to 0.07 (Schiechtl 1980) depend-
ing on the degree of slope and the type of seeds used.

Hydroseeding

Depending on the material used and the distance to adequate water,
4,000 to 20,000 sg m can be hydroseeded by one hydroseeder machine per
day (Schiechtl 1980). A hydroseeder normally uses a two-man crew.

Hydromulching

Mulching is often applied over seeds by a hydromulcher similar to a
hydroseeding machine. For hydromulching or mechanical mulching with-
out seeds, about 0.12 to 0.50 man-hours per square meter is estimated
(Schiechtl 1980). Mulching after seeding increases the cost per square
meter considerably. Hydromulching with a slurry of wood fiber, seed, and
fertilizer can result in a cost of only 0.008 man-hour per square meter, ac-
cording to calculations derived from Kay (1978), who reviewed contractor
costs in California. The above man-hour calculations assume the follow-
ing: use of a four-man mulching machine, seed and fertilizer applied at a
rate of 0.75 ton per acre, and an application rate of 2 tons per hour.
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Sprigs, rootstocks or plugs, rhizomes, and tubers

Costs for digging grasses and other herbaceous plants in their native
habitat and transplanting propagules of these will vary depending on the
harvesting system used, the placement of the plants, and the site. For dig-
ging, storing and handling, and planting 1,000 plants of sprigged wetland
grasses and sedges, Knutson and Inskeep (1982) reported a rate of about
10 man-hours. Sprigs of this type were placed on 0.5-m centers, which
would cover 250 sq m. For the same kinds of plants, Allen, Webb, and
Shirley (1984) reported a rate equivalent to 400 plants per 10 man-hours
for digging, handling, and planting single sprigs. According to Knutson
and Inskeep (1982), using plugs of any species (grass or forb) is at least
three times more time-consuming than using sprigs (30 man-hours per
1,000 plugs).

Bare-root tree or shrub seedlings

Depending on type of plant and local conditions, the reported costs
of planting vary considerably. On good sites with deep soils and gentle
slopes, the authors have experienced planting up to between 100 and
125 plants per man-hour. Logan et al. (1979), however, estimated that
only 200 to 400 plants per day per person could be achieved on sites like
the banks of the upper Missouri River.

Ball and burlap trees or shrubs

Planting costs for this type of transplant will range from 10 to 25 plants
per man-hour (Schiechtl 1980).

Containerized plantings

The cost of plantings varies depending on plant species, pot type, and
site conditions. By using pots other than paper, 20 to 40 plants per man-
hour can be planted. With paper pots, up to 100 plants per man-hour can
be planted (Schiechtl 1980). Logan et al. (1979) stated that the cost for
hand-planting containerized stock ranges from one-half the cost for bare-
root seedlings to a cost equal to or exceeding that of the container seedling.
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6 Summary and
Recommendations

Bioengineering can be a useful tool in controlling bank erosion, but
should not be considered a panacea. It needs to be performed in a prudent
manner and in consonance with good planform and channel bed stability
design. It must be done with the landscape and watershed in mind, par-
ticularly with respect to erosion that has occurred as a result of both broad
basinwide activities and local, site-specific causes. Nevertheless, bioengi-
neering must be done at the reach level. This must be done in a system-
atic way with thought given to its effects both upstream and downstream,
and it may have to be done incrementally to overcome seasonal time con-
straints. For instance, woody plants must be planted in the dormant sea-
son. There are numerous questions that must be answered prior to
bioengineering implementation. Answering these questions and designing
a project must be an integrated process that starts with the planning phase
and continues through the construction phase. There are obviously feed-
back loops from the design and construction phases back to the planning
phase. Additional information may have to be retrieved that calls for
more planning actions.

Bioengineering must be accomplished with enough hardness to prevent
both undercutting of the streambank toe and erosion of the upper and
lower ends (flanking) of the treated reach. This can be done with one or
both of (a) hard toe and flanking protection, e.g., rock riprap, refusals, and
(b) deflection of water away from the target reach to be protected through
deflection structures, e.g., groins, hard points, vanes, and dikes. With
both of these methods, only appropriate plant species should be used in a
manner consistent with their natural habitats. This is often done by using
streambank zones that correspond with microhabitats of native plant species
in local stream environments. Where possible, both herbaceous and
woody species are used with grass or grass-like plants, e.g., sedges,
rushes, reed grasses, in the lower-most zone, then shrubby, woody vegeta-
tion in the middle zone, and for the most part, larger shrubs and trees in
the upper-most zone. These zones are respectively called the “splash,
bank, and terrace zones.”

Careful planning must be done to acquire the kinds of plants in the
amounts needed. This may take up to 1 year before installation of the
various treatments because plants either have to be grown in sufficient
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guantities in nurseries, or they have to be located in the wild and either
collected or grown from wild plant stock.

Bioengineering treatments have been noted, depending on the type of
treatment, to resist up to 12 fps local flow velocities. Itis recognized,
however, that local flow velocities during peak discharges are difficult to
obtain during those events because of safety considerations. Log revet-
ments with geotextile rolls in Colorado sustained velocities up to 10 fps,
but undermining the lower logs occurred in the lower part of the treated
reach. A general rule of thumb is that for velocities exceeding 8 fps, some
combination of inert material be used with plants that are well secured and
have adequate toe and flank protection. The inert material may be deflec-
tion structures made from root wads or rock hard points or dikes, etc., or
the inert material may be wire and stakes that hold down plant material
long enough for that material to take hold. Even then, those materials,
both inert and living plants, must have enough toe and flank protection to
allow sustainment through flood events. This sustainment is especially
critical during the early phases of the project.

Early monitoring and aftercare of a bioengineering project is essential.
Each project should have incorporated into it from the beginning enough
time and funds to provide some remedial work within the first year or so
after treatment installation. It would be better to provide this contingency
for up to and immediately after the first one or two flood events. Once
weak spots in treatments are repaired, the bioengineered system continues
to gain strength over time.
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