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SECTI ON 31 32 39

Bl OENG NEERI NG PRACTI CES FOR STREAM BANK AND SHORELI NE STABI LI ZATI ON
08/08

NOTE: This gui de specification covers the

requi renents for bioengineering practices for stream
bank and shoreline stabilization. This section was

originally devel oped for USACE Civil Wrks projects.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).

*% *% *% *% *% *% *% *% *% *% *% *% *%%

PART 1 GENERAL
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NOTE: This gui de specification covers

bi oengi neering practices as related to stabilizing
stream banks and shorelines using natural vegetation
by itself or in conjunction with stone, rock, dead
vegetation structures, or organic erosion control
matting. The nmethods may al so be applied to smal
tributaries, gullies, canals, and drainage

channels. The use of the term bioengineering refers
to soil bioengineering in this specification. Soi

bi oengi neering is a nethod of stabilizing soils
using living and dead plant material and

bi odegr adabl e manuf act ured products. Bioengi neered
structures should not at anytinme be constructed on
enmbanknents, |evees, or flood control structures
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where there is a risk of failure of the project from
a single event or a stormwith a recurrence interva
of 10 years.

This specification focuses only on stream banks and
shorelines at or near the edge of water. This
specification is not for coastal protection. This
speci fication does not include requirenents for hard
or dead vegetation structures that are for erosion
control or habitat restoration. This specification
does not include the use of geosynthetic naterials,
metal, or requirements for traditional stone or rock
hardened structures for bank protection. The

desi gner shoul d be cogni zant that the structures
described in this specification often nust be
augrmented with the establishnent or enhancenent of
veget ati ve zones on the | andward portions of the
banks or shores. Refer to TR-EL-97-8 Bioengineering

for Stream Bank Erosion Control Report 1 Guidelines
for guidance.

The designer should use caution in the selection of
bi oengi neeri ng net hods for bank stabilization. Many
bi oengi neeri ng net hods provide inproved erosion
resi stance to stream banks or shorelines. However,
bi oengi neering nethods are not designed to repair

i nherently unstabl e stream banks or shorelines,

whi ch require engineering design, soil inprovenent,
or extensive soil renoval prior to vegetation
efforts. Bioengineering nethods will not prevent
bank failures due to poor soil conditions, over

st eepened or undercut slopes, rapid draw down or
drop of water levels, or where flow velocities
exceed bi oengi neering established tol erances.

| mproved stability due to the devel opnent of root
mats in the soil may take two or nore years to be
realized. Therefore, the desired bioengineering
nmet hods or bi oengi neered structures nust be sel ected
based on-site specific conditions, realistic
expectations of performance, and consultation wth
soil, hydraulic, and structural engi neers and

envi ronnental resource personnel

The desi gner shoul d conpare bi oengi neered structures
to nore traditional stabilization nethods, such as
stone revetnments or concrete channel lining, in
terns of cost and performance before final selection
of stabilization methods. Traditional stabilization
nmet hods may be better suited and nore econom cal and
provide greater protection at |ower costs than

bi oengi neered structures. The designer should

revi ew case histories on the performance and

mai nt enance of existing bioengi neered structures
during selection and design. It is inmportant to
antici pate possible future failures of banks due to
toppling of large mature vegetation, changes in
vegetation species, and inpact on the structure and
vegetation by animal and human activities. Hard
structures may be preferred at | ocations where the
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risk of loss of |life or property is apparent or
where rapid changes in |and use may pose such a risk
in the future

This specification is applicable to sem arid and
tenperate regions. The construction of

bi oengi neered structures in arid regions requires
special attention to the selection of appropriate

pl ant species, water supply, irrigation, and

mai nt enance for successful conpletion and
performance. O her bank protection alternatives nay
be nore cost effective than bi oengi neered structures
in arid regions.

The construction of bioengineered structures in cold
climates requires additional design efforts to
reduce or prevent damage. Structures may be damaged
by the inpact of ice flows or ice blocks in the
streamor river. The devel opment of ice at the
stream bank that incorporates the vegetation of the
structure may result in vegetation |oss or increased
forces on the structure. Consult with a hydraulic
engi neer on nethods to mnimze danage to the
structure. The percent of damage and nortality to
veget ati on may be higher due to frost or severe
cold. Free draining soils should be used to reduce
t he anount of frost heave on structural conponents.
Structures may not be suitable in climates with deep
frost depths where surficial soil may be subject to
fl ow when di sturbed during the spring thaw

Bi oengi neeri ng nmethods may not be suitable in cold
regi ons where plant devel opnment and growth are
stunned due to the climte and where root

devel opnent, which is required for perfornmance of
the structure, nmay require nore than 2 years.

Consult with regional experts when pl anni ng

bi oengi neered structures in these regions.

Pl anni ng of the bioengineered structure requires a
mul tidisciplinary team approach. The designer
shoul d consult at a minimmw th personnel in soi
mechani cs, structural design, hydraulic engineering,
bi ol ogi cal sciences, botany, regulatory, cost
estimating, contracting, and construction during the
initial devel opnent of conceptual designs,

conpari son of alternatives, and throughout project
execution as required. Clear objectives for the

sel ection, perfornmance, and risk of the structure
nust be devel oped early in the planning phase.
Sponsors and the public rmust be advi sed about the
cost, perfornmance, safety, benefits, and risks of
the selected structure during the early stages of
design. The designer should be aware of the need
for construction oversight during installation to
ensure quality.

The designer should include the long-termcosts of

mai nt enance in cost estimtes and the amount of
mai nt enance required for adequate and safe
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performance of the structure. Mnitoring or after
care of the structure nmay be necessary for 2 to 10
years after the structure is conpleted to ensure the
vegetati on becones established and the structure is
neeting performance requirenents. The inpact of
changes to site conditions should be eval uated
during planning for safety and mmi nt enance

requi renments. The effect of |oss, damage, and
change of vegetation species on structure
performance should be di scussed. The effect of

di sease, fire, harvesting, or renoval related to
plants in the structure and i npact on perfornance
nust be elevated. Requirenents for vegetation
repl eni shment, pruning, selective cutting, and
repl acenent shoul d be included in naintenance

pl anning. Repair to the soil, backfill, or hard
materials in the structure nust be addresses. The
accretion of sedinment on stream banks due to the
trappi ng of sedi nent by vegetation should be

eval uated for |oss of stream conveyance and
decreased slope stability due to the increased

wei ght of accreted sediment. Danage due to wave
action fromstorns, navigation, or boats should be
determined.

Cl ear acceptance criteria should be defined for the
project as well as warranty requiremnments.
Acceptance and warranty requirenments nay be nore
stringent and require |longer periods of tinme than
traditional bank stabilization projects due to the
need for vegetation to becone established.

The following streamflow velocities are recomended
for mximumlinmts on the selected nethods of stream
bank or channel stabilization

Vegetative protection 2.5 ms 8 feet per second
(fps) Structural and bioengi neering

Wody material, 2.5 ms 8 fps

Wody nmaterial and herbaceous species, 1.5 nfs 5
fps

Her baceous alone, 1 ms 3 fps

(USDA TN Pl ant Materials No 23, Technical Notes,
Sept ember 1993)

Fl ow velocities greater than 2.5 ms 8 fps may
require reinforced matting or hard structures.

Bi oengi neering methods require construction

techni ques and materials, which are described by
other existing specifications. The follow ng
speci fications should be included with this
specification in the bid package dependi ng on site
conditions and desi gn objectives.

M nor clearing and grubbing of vegetation is
provided in this specification with an enphasis on
sal vagi ng cl eared or grubbed naterial for the
construction of the bioengi neered structure. For
ext ensi ve clearing and grubbi ng of vegetation for
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site construction or access, refer to Section
31 11 00 CLEARI NG AND GRUBBI NG

M nor earthworks may be required for the
construction of the bioengineered structure. In
addition, select fill or backfill materials may be
needed. This specification only includes the

requi renents for the mnimal earthworks necessary
for key trench installation and surface roughening.
For sl ope reduction, benching, and material
specification, refer to Section 31 00 00 EARTHWORK.

The construction of bioengi neered structures often
results in the exposure of soils that require
protection fromerosion. This specification
nmentions the need for erosion control products but
does not provide the specifications or installation
nmet hods for these products.

Bi oengi neering net hods may incorporate stone or

rock. For the requirenments for hard arnor, refer to
Section 35 31 19 STONE, CHANNEL, SHOREL| NE/ COASTAL
PROTECTI ON FOR STRUCTURES.

Seeding is an inportant conponent for nany

bi oengi neered structures. To specify the

requi renents for the installation procedures for
seeding, refer to Section 32 92 19 SEEDI NG

Fencing nay be required during and after
construction to protect bioengi neered structures and
associ ated vegetation from damage due to human and
animal activities. For the requirenments for

fencing, refer to Section 32 31 13 CHAI N LI NK FENCES
AND GATES or 32 31 26 WRE FENCES AND GATES.

Bi oengi neered structures are comonly placed in or
adj acent to bodies of water. Best Managenent
Practices for stormwater pollution prevention shal
be enmpl oyed in accordance with Section 01 57 19
TEMPORARY ENVI RONMVENTAL CONTROLS.

Portions of this specification my not be consistent
with sections in the construction contract. The
designer will delete unnecessary paragraphs of this
specification or provide full requirenents to
portions in this specification that may conflict
with or contradict other sections in the contract.
These conflicts, contradictions, or |ack of

requi rements will be resolved between this section
and ot her specifications and the construction
contract before the design package is rel eased for
review.

For additional information concerning bioengi neering
practices, methods, structures, construction, and
performance, see the foll ow ng publications:

United States Departnent of Agriculture, Decenber
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1996, Engi neering Fi el d Handbook, Chapter 16, Stream
Bank and Shoreline Protection.

United States Departnent of Agriculture, Cctober
1992, Engineering Field Handbook, Chapter 18, Soi
Bi oengi neering for Upland Sl ope and Erosion
Reduction.

Muhl berg, K, Gayh, A, and More, Nancy J., 1998,

St ream Bank Revegetation and Protection, A CGuide for
Al aska, Al aska Departnent of Fish and Gane,
Techni cal Report No. 98-3, 75 p

Schiechtl, H M, and Stern, R, 1997, Water

Bi oengi neering Techni ques for Watercourse Bank and
Shoreline Protection; Blackwell Science Ltd, London
186 p.

TN Pl ant Materials No. 2, USDA, Septenber 1993, How
to Plant WIlows and Cottonwoods for Riparian
Rehabilitation

The publications |isted above are a snmall sanpl e of
t he nunerous publications available with rel ated
gui dance for bioengineering practices. The designer
is encouraged to obtain and review | ocal and State
publications that are specific to the region of
project work. These publications generally contain
useful information on suitable plant species, soi
and stream conditions, and regulations. Insert

proj ect specific references as needed. Nunerous
gui dance and case history publications on

bi oengi neering by the USACE may be revi ewed at
http://libweb.wes.army.mil.

Publ i cati ons may contai n draw ngs of proposed
structures that are of value for reference and

i ncorporation in design docunents. It is strongly
recomended that the designer obtain and review
drawi ngs of the various bioengi neering nethods and
structures during the preparation of this
specification. These drawi ngs | end considerabl e
clarity to the descriptive text about the
structures. These draw ngs should be included in
the specification package as attachnents to this
specification and should be nodified to refl ect
site-specific conditions and restraints.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

1.1 SUMMARY
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NOTE: Provide requirenents that are specific to the
work and that the Contractor will be responsible for
completing.

The Contractor should submit sufficient drawings to

clearly define site layout, structure, details, site
condi tions, extents of features, and the like to
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al | ow adequat e pl anning and cost estimating. The
designer will delete or add drawi ngs that are
necessary to neet project needs.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhhkhhkhkkkkkkkkkk

The work by the Contractor consists of furnishing and installing

bi oengi neered features and structures. Submit design, details, cross
sections and profiles of site engineered structures to enhance [stream
bank] [and] [shoreline] stability within project limts and in areas
outside the project Iimts where the soil surface is disturbed from work
under this contract [and as noted on the drawings]. Include in this work
all necessary evaluation, design, materials, |abor, supervision, and

equi pnent for installation of a conplete systemand after construction
mai nt enance. Submit a list of all equipnment and tools that will be used
for the construction of the bioengineered structure. Include information
on products used in equi prent such as fuel, hydraulic fluids, and the
like. Coordinate this section with the requirenents of Section [31 11 00
CLEARI NG AND CGRUBBI NG [and] [31 00 00 EARTHWORK] [and] [35 31 19 STONE
CHANNEL, SHORELI NE/ COASTAL PROTECTI ON FOR STRUCTURES] [and] [32 31 13 CHAIN
LI NK FENCES AND GATES][32 31 26 W RE FENCES AND GATES] [and] [32 92 19
SEEDI NG [and all other specifications or requirenents as necessary].

1.2 MEASUREMENT AND PAYNMENT

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Add or del ete products and neasurenment and
paynment as require for project specific needs.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkkkkkx *k%

1.2.1 Binder
Measure the standard binder by the linear nmeter foot placed.
1.2.2 Live or Dead Cuttings
Measure live or dead cuttings by nunber and type of individual cuttings.
No paynment will be made for cuttings not required for use in the structure,
defective, or that are trinmmed fromcuttings. Include all harvesting,
soaki ng, transportation, and preparation in the neasurenent for paynent.
1.2.3 Materials

Measure soil and rock by the [cubic neter yard] [netric 2000 pound ton].

1.3 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
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to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.
ASTM | NTERNATI ONAL ( ASTM
ASTM D6765 (2012) Standard Practice for Live Staking
U S. ARMY CORPS OF ENG NEERS ( USACE)

TR-EL-97-8 (1997) Bi oengi neering for Streanbank
Erosion Control; Report 1, Guidelines

1.4 SUBMITTALS

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G" GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the submttal
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
the submttal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenent System (RMS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG Locate the "S" subnittal
under the SD nunber that best describes the
submttal item
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Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

The desi gner shoul d ensure adequate tinme is all owed
for the review of subnmittals before the start of
work. The designer will clearly note the tinme for
submttals, where required. Insert the nunber of
copi es required as needed.

The submittals |isted below are for general

bi oengi neering projects. The designer will edit
this section to tailor the subnittals to the project
needs and requirenments and include subnmittals not
listed bel ow as necessary.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnmittals

Exi sting Site Conditions

Site Evaluation Pl an

Pernits and Regul ati ons
Construction Wrk Sequence Schedul e
Seed Establishment Period

Dewat ering; C[, [ 11

SD- 02 Shop Drawi ngs

St agi ng area

Structures; C[, | 11
Vegetation

Harvest Site Restoration

SD- 03 Product Data

Materials

Stakes

Binders

Fertilizer

Seal i ng of Harvest Cuts

Pai nting of Stakes and Pol es
Lumber

Logs, Trunks, and Brush
Equipment

Har vesting and Soaki ng Records

SD- 04 Sanpl es
Soil

Excavat ed Sedi nents
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1.

Surface Water
Groundwater

SD- 06 Test Reports
Mat eri al Testing
SD-07 Certificates

Installer's Qualification
Personnel Qualifications
Seed

Vegetation

Binders

SD- 10 Operation and Mii ntenance Data
Mai nt enance Instructions; C[, | 1]
SD-11 d oseout Submittals

Mai nt enance Records
Fi nal Project Report

5 QUALI TY ASSURANCE

Al Contractor and subcontractor personnel shall be fully qualified to
performthe specified work and shall provide the Contracting Officer with
such docunentation no less than [30] [__ ] days before the notice to
proceed. Work shall not start until the Contracting Office is satisfied
that the Contractor neets or exceeds all required qualifications. Al
Contractor records, docunments, and work may be inspected by the Contracting
O ficer or designated representative at any tine. Replace or repair
imediately itens not neeting quality requirenments at no cost to the
Government.

.5.1 Regul at ory Conpl i ance

Performthe specified work in accordance with all applicable Federal,
State, and local regul ations.

.5.2 Pre-Install ati on Conference

Coordi nate and conduct neetings with the USACE and all subcontractors prior
to the start of any work to ensure all work requirenents are fully
understood and will be performed. Al of these neetings shall take place
in the presence of the Contracting O ficer.

.5.3 Substitutions

Substitutions will not be all owed.

.5.4 Qualifications

.5.4.1 Installer's Qualification

Submit the installer's conpany nanme and address; training and experience
and or certification. The installer shall be certified by the manufacturer
for any special training and/ or experience required for installation.
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1.5.4.2 Personnel Qualifications

Submit a list of personnel working on the project including name, title,
and statenents of their current positions and previ ous experiences.

Sel ect ed personnel shall have been involved in bioengineering design and
construction efforts simlar to the proposed site work within the last 2
years.

1.6 DELI VERY, STORAGE, AND HANDLI NG

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Provide specific information on required
del i very procedures, inspection requirenments and
net hods, special storage needs, and specific
handl i ng met hods.

Edit this section to include naterials that are
specific to the project work. Add or delete
materials or products as required.

Sedi nent sanpl es should be collected for mechanica
and chenical anal yses. Rock and stone shoul d be
tested for toughness, durability, chem ca

stability, and freeze and thaw at a m ni num
Vegetation to be used in construction should be
tested for health and presence of disease. Al

anal yses nust be preformed by anal ytica

| aboratories that are certified by the USACE. The
designer will add or delete sanple and testing
requirenents to this section as needed. Specify the
specific tests and net hods adjacent to the sanple or
refer to the acconpanying specification in which
this information is contained.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Subnmit a list of nonvegetative materials to be used in the construction of
bi oengi neered feature or structure. |Include manufacturer's literature
regardi ng physical characteristics, limtations, and application or
installation instructions. Store materials in designated areas as
recomended by the manufacturer and that are protected fromdirect exposure
to the elenents, noisture, and any potential damage. Containers shall not
be dropped fromtrucks. Material shall be free of defects that would void
required perfornmance or warranty. Deliver manufactured itens in the

manuf acturer's original sealed containers and stored in a secure area

Prior to delivery of materials, subnmit certificates of conpliance attesting
that materials neet the specified requirenents. Certified copies of the
material certificates shall include the following for itens listed in this
section:

a. Certification of recycled content or

b. Statement of recycled content.

c. Certification of origin including the nanme, address and tel ephone
nunber of manufacturer.

d. Certification for binders showi ng EPA regi stered uses, toxicity levels,
and application hazards.
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6.1 Erosi on Control Bl ankets

Furni sh erosion control blankets in rolls with suitable wapping to protect
agai nst noi sture and extended ultraviol et exposure prior to placenent.
Erosion control blanket rolls shall be |abeled to provide identification
sufficient for inventory and quality control purposes.

.6.2 Seed

I nspect seed upon arrival at the job site for confornity to species and
quality. Reject seed that is wet, noldy, or bears a test date five nonths
or older. Store seed in a cool dry area protected from noisture.

.6.3 Lumber

I nspect lunber for straightness and defects. Reject warped, danaged, or
used | unber. Lunber shall not be stored directly on the ground and shal
be protected fromnoisture until the time of installation

.6.4  Vegetation

I nspect vegetation cuttings, herbaceous plants, and clunp plantings for
species, size, health, and preparation. Reject diseased, inproperly sized,
and incorrect species. Specific requirenents for storage and handling are
provi ded bel ow.

.6.5 Earth Materials
Select fill, top soil, stone, rock, aggregate, and sand shall neet design
specifications. Store excavated sedinents and fill in well drained areas,

separated fromthe ground by a non contam nating isolation barrier
Mat erial not neeting specifications or with contai ned physical or chenica
contami nates shall be rejected

.6.6 Logs, Trunks and Brush

Logs, trunks, and brush shall be of the size and quality specified. Place
materials in organized manner in stock piles near the work site ensuring
they were not danaged during delivery, storage, or installation. Materials
shall not rest directly on the ground or be exposed to precipitation if
they are to remain at the storage site for longer than [4] week before
installation. Coverings or the logs, trunks, or brush shall not pronote
mol d or rotting.

7 PRQIJECT/ SI TE CONDI TI ONS

7.1 Envi ronnment al Requi renents
NOTE: Include information on the physical and
environnental characteristics and linitations at the
work site e.g. tenperature, illunination, slope,

wat er depth, etc

SECTION 31 32 39 Page 15



1

1

7.2 Exi sting Site Conditions
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NOTE: Include information on site conditions,
references to docunents and reports about site
conditions, and requirenments for the Contractor to
obtain all literary infornmation available for site
pl anni ng and design. This paragraph shoul d include
the need for surface mapping, subsurface
exploration, hydraulic analyses of streams or |akes,
and all other information necessary for successfu
design and construction that is not provided by the
Governnment. Also note that lack of supply of such

i nformation by the Government does not relieve the
Contractor of any such necessary research or studies.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Subnmit a detailed description of the existing site conditions prior to
construction work including but not linmted to literary references, site
visits, public or private reports, studies (engineering, ecol ogical,
environmental, etc.) and topographic or other maps. Submit [__ ] copies
of this survey to the Contracting O ficer [ ] days before the start of
work.

7.3 Site Eval uation Pl an

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: Consider the following itenms during site
eval uation and project planning to i nprove the
success of the bioengi neered structure. The itemns
bel ow are not all inclusive for every site. Oher
eval uation factors may be rel evant based on site
speci fic conditions.

Do not construct bi oengi neered structures:

- where soil or water is contam nated w th conpounds
or elements that nmay damage |ive vegetation or where
di sturbance may result in expansion of the area of
contamination,

- at locations with unstable slopes that can not be
mtigated as part of construction

- where robust stabilization structures are required
for protection of navigation structures, |evees, or
embankments,

- where damage of the structure could pose a risk to
|l oss of life or property,

- where long-term mai ntenance and after care of the
structure and vegetation is not desired,

-where climate or hydraulic conditions may threaten
establi shment of vegetation

- where the streanbed is degradi ng and where such
degradati on can not be stopped by altering hydraulic
conditions of the streamor by the use of hard arnor
- along stream banks or shorelines subjected to high
wave action fromstorns or watercraft,

- in areas subject to shade from other plant species
that may hinder growmh of the selected plant species
for the structure
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- in areas where the structure may not be secured
fromundesired animal or human traffic and
subsequent damage.

Check with local, State, and Federal agencies to
ensure all regul ations are understood and fol | owned.
Do not alter wetland areas.

Know t he nmean, mean |ow, mnean high, mninmm and
maxi mum wat er el evati ons of the stream river, or
| ake. The definitions of water |evels nay be
defined in ternms of hydrol ogi c anal yses or by
observation of stream geonorphic features

- The maxi mum wat er el evati on shoul d be the highest
wat er possible at the site due to storm surges,
waves, floods, or water storage. The elevation of
debris associated with flood events or storm waves
on the high bank nay be used for recent high water
elevations.

- The mean high water elevation is the average high
water | evel over 19 years. This elevation is
typically located where trees and brush are

est abl i shed on the high bank of the channel

- The mean water elevation is the average hei ght of
wat er over 19 years. This elevation typically
corresponds to the area where reeds and small shrubs
are present on the | ow bank adjacent to the stream
channel or shore.

- The nmean |l ow water elevation is the average hei ght
of the Iow water over 19 years. This water level is
characterized by the upper extent of aquatic plants
on the bank or swash zone at the toe of the bank or
shore.

- The mnimumwater elevation may correspond to the
mnimal flow in the stream channel or | owest

el evation of a | ake due to drought or human
activities such as irrigation or water storage. The
m ni mal water elevation may be the bottom of the
stream channel or lake if these water bodi es nay be
conpl etely drai ned.

The designer is advised to nodify these definitions
and water |evel elevations based on the grow ng and
dormant seasons for species of vegetation used in
construction to ensure establishment, performance,
and survivability. Determ ne the anpbunt and rate of
change of water elevations due to natural or hunan
activities.

Determ ne the possible height of waves, direction,
and frequency due to storns or navigation operations.

Determ ne the changes in current velocities and flow
direction due to different stages, seasons, or storm
events.

Known t he sedi ment | oad, conposition, size, and
rates of deposition or erosion at the site.
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Know the climate of the work area. Severe fl ooding,
drought, or cold during construction or in the
future may damage the structure

Determ ne the requirenents for regular nonitoring
and nmai ntenance of the structure to ensure plant
survival and structure perfornmance.

Specify the need for and the role and
responsibilities of a multidisciplinary teamfor
design and planning, construction, and after care.

The site evaluation plan may require literary

sear ches; subsurface and surface exploration
sanmpling, and testing; surface topographic,
geol ogi cal , bi ol ogi cal mappi ng; hydraulic

engi neering studi es; assessnent of the of site in
relation to residences, conmercial property, and

bi ol ogi cal conmunities; and inpact of navigation or
wat er storage projects on the site. The report
shoul d contain sufficient information to deterni ne
if the site is viable for the proposed structure and
sufficient information for structure deign and
planning.
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Furnish a site evaluation plan stating clear and conci se project objectives
and assessnent criteria of the viability of the proposed structure based on
the physical, chemcal, biological, political, and social site conditions
and aspects. Subnit the contents of the plan devel oped by the Contracting
Oficer and the Contractor in[__ ] copies of this plan to the
Contracting Officer [___ ] days before the start of work. The plan should
contai n supporting docunentation and studi es, which include but are not
limted to climte, geological, geotechnical, hydraulic, botanical

geonor phic, project cost estimates, and regulatory and permitting
requirenents. The site evaluation shall include a review of case histories
of bank stabilization nethods at other simlar sites, reconnai ssance report
on site conditions and suitability for bioengineering structures or

met hods, design alternatives, potential problens, and recommendations for
the types and net hods of bioengineered structures if applicable to site
conditions and uses. The plan shall include lists of all applicable
permts and regul ati ons and net hods of conpliance related to construction.
Submit list and copies of all required and approved pernmits for site work
and of all regulations that pertain to site work to the Contracting O ficer
[ ] days before the start of work. The plan shall include a report

i dentifying the species of vegetation and plants that will be used for
construction. Refer to TR-EL-97-8 for site eval uation and pl anni ng

gui dance. The report shall include but not be limted to:

Supply of vegetation,

Harvest area and procedures,

Retention of existing vegetation,

Short and long-terminteraction of selected species with existing
vegetation,

Interaction of species with existing structures,

Retention or elinination of nonnative or invasive species,

Per f ormance of sel ected vegetation in the proposed structure,

Mai nt enance and repl acenent.
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1.8 SEQUENCI NG AND SCHEDULI NG
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NOTE: Most bioengi neered structures nust be

conpl eted during the period of dormancy of plant
growt h unl ess ot herwi se noted. Structures conpl eted
outside of this dormant season will not be accepted
by the Governnent unless provided with specific

i nformati on on the need for such schedul e and
survivability of plant species used for

construction. Local requirenents may limt
construction periods and nust be fully conplied with
and adhered to unless granted waiver rights by the
appropriate regulatory authorities. See paragraph
TIME OF PLANTING in PART 3 for additional

information.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Conduct all work [during the period of plant dormancy] [as stated bel ow
and in accordance with all Federal, State, and local requirenments for

i n-stream or near stream construction. The construction sequence shal
result in successful conpletion of the structure. Submt a construction
wor k sequence schedul e, detailing the work tasks and order of conpletion,
to the Contracting O ficer for approval a minimumof [90] [
prior to the start of construction. Wrk shall not commence w thout the
approval of the schedul e and construction sequence by the Contracting
Oficer. Construction shall not occur if climatic conditions threaten the
survivability of plants or worker safety. Construction sequence schedul e

1.9 WARRANTY

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: The designer should consult with the

manuf acturer to ensure proper application and
installation techniques for the site specific
project conditions. Warranties vary with different
materials and may be void if proper technical advice
is not obtained. Seed gernination is not covered
under the warranty.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The structure and all nmanufactured materials shall be under Contractor
warranty for a period of [2] years including vegetation and eart hworks.
Stone and rock shall be under warranty from deconposition for [5] years

1.10 MAINTENANCE

NOTE: Bi oengi neered structures require observation
and mai ntenance for up to 5 years after installation
to ensure the vegetati on becones established.
bservation should be done on a weekly basis for the
first year and binonthly thereafter for the second
year at a mninum A nmniml |evel of acceptable
survival of plants should be established. The
Contractor should be required to replace plants that
di e above the allotted percentage and area of
concentration that may adversely effect structure
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performance.
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10.1 General

I nclude in maintenance eradicating weeds; protecting enbanknents and
ditches fromsurface erosion; naintaining the performance of the erosion
control materials and nul ch; replacenment of dead or non-viable plants;
repair of soil, stone, rock, or hard structures, and protecting installed
structures from human and ani mal activities.

.10.2 Mai nt enance | nstructions

Furnish witten instructions containing draw ngs and other necessary
information to the Contracting Oficer, describing the care of the
installed material; and including when and where mai nt enance shoul d occur
and the procedures for material replacenent. Submt instruction for
year-round care of installed products including schedule, naterials, and
tasks. Instructions shall describe the nmethods for specific maintenance
activities and equi prent and tools required for such efforts. Requirenments
on safety and regulations and pernmits shall be included.

PART 2 PRODUCTS

2.

2.

NOTE: Consult local codes and regul ations for
additional information that nay effect the project
bef ore design work begins. The choice of nethods
and naterials will be project specific and will be
at the discretion of the designer. Edit the
specification choices of products to best suit the
needs of the project.
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1 BINDERS

Submit certification for binders showing EPA regi stered uses, toxicity

| evel s, and application hazards. Prior to delivery of materials, subnit
certificates of conpliance attesting that materials neet the specified
requirenents and certified copies of the naterial certificates. Al

bi nders shall be bi odegradabl e and untreated henp or coir rope or
fasteners, which shall be able to withstand 2 years m ni nrum exposure to the
envi ronment of placenment without significant degradation in strength or
quality. Steel or plastic binders or fasteners shall not be used.

2 ERCSI ON CONTROL | TEMS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Several structures require the application or
i ntegration of erosion control products. These
products include but are not Iimted to mulch

straw, hay, shredded bark, coir, mulch control
netting, and erosion control mats. Products

sel ected for use should be biodegradabl e and
non-danmagi ng to the environnent in which they are

pl aced. Sedinent retention products may al so be
required as part of construction efforts. Mention
the specific needs and types of products bel ow

*% *% *% *% *% *% *% *% *% *% *%%
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Provi de [erosion control products] [and] [sedinment control structures or
products]. Install nmaterials and structures according to manufacturer's
recomrendat i ons based on [actual site conditions] [and] [as shown in the
drawings].

2.3 SEED
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NOTE: State-certified seed is nore stringently
noni tored than State-approved seed, and therefore,
nor e expensi ve.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de seed in accordance with Section 32 92 19 SEEDI NG

[State-certified] [State-approved] seed of the | atest season's crop shal

be provided in original seal ed packages bearing the producer's guaranteed
anal ysis for percentages of mxture, purity, germnation, hard seed, weed
seed content, and inert material. Labels shall be in conformance with AMS
Seed Act and applicable State seed laws. Provide classification, botanica
name, conmmon nane, percent pure |live seed, m ninum percent germ nation and
hard seed, maxi num percent weed seed content, and date tested. Submit the
Seed Establishnment Period cal endar tinme for seed establishnent. Wen there
is nore than one seed establishnment period, describe the boundaries of the
seeded area specific for each period. Permanent seed species and m xtures
shal | be proportioned by weight as foll ows:

M xture Percent by Percent Pure Live Bot ani cal Nane Conmon Nane
Weight Seed
L] L] L] L]

2.4 PERMANENT VEGETATI ON SPECI ES AND M XTURES

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Live or dead cuttings fromlocally harvested
stock should be specified in this section. Nursery
stock may al so be used for design purposes or in
areas with linmted supplies of cuttings at or near
the work site. Nursery stock has a higher chance of
survival due to devel oped root systens but may add
cost to the project.

The selection of the appropriate vegetation species
for the site should be nmade by consultation with a
qual i fi ed geotechni cal engi neer, hydraulic engineer
bi ol ogi st, and bot ani st based on site conditions,
stability requirenents, desired habitat creation

and blending ability with surroundi ng vegetation

The soil types, hydraulic conditions and

requi renents, and ability of the selected species to
survive in the work area nust be deternined and
considered in species selection. Selected species
shoul d i nprove or enhance slope stability and shoul d
be flexible and of |ow height at maturity to all ow
maxi mum conveyance of water in the channel

At sone sites, nonnative species my be nore
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appropriate due to changed site conditions or
alterations by natural or human activities. Native
speci es may not be able to survive in such
alternated settings. For restoration projects,
non-native or intrusive species may need to be
renoved before planting native species to reduce
conpetition for resources and to inprove the
survivability of the native plants. Plant species
shoul d be collected fromthe sanme watershed and near
the work site to prevent the inport of differing
genetic stains into the project area.

Wbody vegetation that nmatures to have trunk

di aneters greater than four inches should not be
used. Such species when mature pose a threat of
scour to the bank down stream of the trunk during
high flow events. |n addition, these species my
devel op extensive root systemthat nay danmage the
structure when the tree dies and rotates into the
streamor lake. 1In this case, the root wad
typically renmoves a |l arge anpunt of soil as it is
pull ed fromthe bank. The resulting hole may be
subject to scour and result in structure danage or
failure during noderate or high flow events.

Sedi nent ati on types and depositional rates should be
determ ned. Sone streans may transport sedi nment
that may abrade or break vegetation. Alternatively,
| arge anpbunts of sedi nent nay be deposited at the
site and cover vegetation. The conbined effect of
the trapping of |arge anmounts of sedinment by the

sel ected vegetation species may result in the
accretion of sedinent onto the bank. While this
accretion of material provides additional bank
protection in the short term the long termeffects
may be | arge bank failures due to the added wei ght
of the sediment on the bank. The structure may be
damaged or destroyed if the failure plane cuts the
structure. Therefore the vegetation species in such
areas shoul d al |l ow adequate water flow through the
vegetation to reduce the amount of sedinment that
accumul ates at the site.

On banks down stream of water storage project,

sel ected vegetation should be able to survive or
recover rapidly in the event water |evels nust
remain at el evated levels for an extended period of
time due to flood or navigation rel eases.

Provi de specifics on quality requirements.
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Submt cl assification, botanical nane, commobn nanme, harvest |ocation,

heat h, and

Per manent vegetation type and planting plan,

pl ant

date tested, (live or dead cuttings, nursery stock, plants).

species and m xtures for

[1ive

and dead cuttings] [and] [nursery stock] [and] [herbaceous plants] shall be

as foll ows:
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M xture Percent by |Percent Live and Dead|Bot ani cal Name Conmon Nane
Volume

L] L] (I L]

Weed seed or noxious plants shall be a maxi num of 1 percent by wei ght of
the total seed mixture. [Undesired], [non native] [and] [or] invasive
vegetation species shall not be allowed. Al live cuttings and

contai nerized plantings shall be capable of growh and rooting and free of
di sease or defects at the time of installation

.5 STAKES

St akes shall be 100 percent bi odegradable nmaterials and shall be designed
to safely and effectively secure erosion control blankets, coir |ogs,
fasci nes, and other bioengi neered structures for tenporary or pernanent
applications. The bi odegradabl e stakes shall be fully degradabl e by
biological activity [within 2 years]. The stakes nust exhibit anple
rigidity to enable being driven into hard ground, with sufficient
flexibility to resist shattering.

.6 STAPLES

Do not use nmetal or plastic staples.

7 SYNTHETI C GRI D AND SHEET SYSTEMS

Do not use synthetic grid and sheet systens.

. 8 CRUSHED ROCK, GRAVEL, SAND, STONE, RI PRAP, and BACKFI LL

The quality of rock, gravel, sand, stone, riprap, and backfill shall be in
accordance with requirenments in Section 31 00 00 EARTHWORK and Secti on

35 31 19 STONE, CHANNEL, SHORELI NE/ COASTAL PROTECTI ON FOR STRUCTURES
Material s not neeting specified requirenents shall be rejected and

i medi ately replaced by suitable material at no cost to the Governnent.

.9 WATER

Water for irrigation, soaking of plants and cuttings, and dust contro

shall be the responsibility of the Contractor. Water shall be clean, free
of contam nates, and have a turbidly of |less than 20 NTU.  Water shall be
from[a public source of know quality] [local surface water source] |
groundwater well] near the work site. [Test water obtained fromnon public
sources for quality in accordance with paragraph MATERI AL TESTI NG
REQUIREMENTS]

.10 FENCING

NOTE: Permanent or tenporary fencing may be

requi red around work sites to prevent vandalism and
damage to newly planted vegetation by |ivestock
animal, or human activities. Fencing nay be
tenporary or permanent. Specify tenporary fencing
such as plastic construction fence, snow fence, or
rental fence below Use Section 32 31 26 WRE
FENCES AND GATES or 32 31 13 CHAIN LI NK FENCES AND
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2.

2.

GATES to specify pernmanent wire and chain |ink
fabric fences and gates if required.
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[All fencing shall be in accordance with Section [32 31 26 W RE FENCES AND
GATES] [ 32 31 13 CHAIN LINK FENCES AND GATES].] Fencing shall be tenporary
and consist of [ ] fence. Fencing shall be secured to [wood] [ netal
T-poles] that are driven 600 mm 2 feet into the ground and extend 1.2 m4
feet above the finish grade. Install fencing [at the start of work] [after
construction]. Fencing shall remain in place [until vegetation is
established] [for 3 years].

11 IRRIGATION
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NOTE: Sites may require extended periods of
irrigation to ensure vegetation establishnent.
Irrigation systens nay be on the surface or
underground. Water retention in the structure in
arid regions may be aided by the use of super
absorbent polyners. Edit this specification for
products that rmay be used with open trench
irrigation.

Sone sites may be renpbte and may not have electrica
or water supplies available. In this case, the
desi gner shoul d include products for solar power,
wat er tanks, or nethods such as daily watering by
wat er truck.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[All underground irrigation shall conformto Section 32 84 24 | RRI GATI ON
SPRI NKLER SYSTEMS or as approved by the Governnent.] Provide the follow ng
products and materials for irrigation

Product Manufacturer Quantity Purpose

L] L1 (I L]

12 FERTI LI ZER, PESTI Cl DE, HERBI Cl DE

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Edit this paragraph as required. Fertilizer
pesticide, and herbicide my be required for the
construction, establishment, and nai ntenance of

bi oengi neered structures. The designer will consult
with a qualified botanist, biologist, |andscape

engi neer, and regul atory agenci es before sel ecting
the use of or type of fertilizer, pesticide, or
herbicide for application at the site. Products, if
sel ected for use, should not pose a threat to water
quality or the environnent. Pesticides and
herbicides will only be used when absol utely
necessary. Use of biological methods for pest or
plant control is encouraged. Provide specific
product nanes, nanufacturer, nethod and
concentration of application, and other required
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product infornation bel ow

*kkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhhhhkkkkkkkkkkkhhhhkhkkkx

Provide the follow ng products and materials.

Product Manufacturer Quantity/ Application|Purpose
L] L] L] L]
2.13 MATERI AL TESTI NG

NOTE: Edit this section as required. Provide
speci fic nethods, procedures, sanple nunbers, test,
and the like.

The Contractor should collect sanples of select fill
and site soils for physical and chemi cal analyses to
ensure these materials are appropriate for growth of
the selected plant species. Refer to specific soi
requi renents needed for healthy plant growth to
conplete this section. Inported soil or select fill
nmust be tested to ensure the material is free of
seeds or root stocks of non native or invasive
species or detrinental biological organisns.

Soil sanples fromthe surface and subsurface of the
site should be collected for geotechnical and
chenmical anal yses. Geotechnical test paraneters
should be at a mnimumgrain size with hydroneter,
noi sture content, density, and Atterberg limts as
required. Testing of site soils and select fill for
perneability, consolidation, and soil strength may
al so be required depending of site conditions and
sel ected structure. Soil sanples should be
collected to confirmthat soils at the site are not
contam nated with hazardous, toxic, or radioactive
conpounds that woul d require special handling.

Sanpl es of surface and groundwat er shoul d be
collected to verify that seepage into the stream or
wat er body at the work site is not contam nated with
conpounds that will endanger plant survival or pose
a hazard to human health and the environment. Water
that is not obtained froma public source should be
tested for biological and chem cal contam nates.

Specify anal ytical |aboratories for analyses, turn
around tine for sanples, and holding tinmes for
chem cal sanpl es.

The soil and water sanples nust be collected and
anal yzed a mi ni num of 120 days before the start of
construction. The analytical results nust be
reviewed by the Contracting Oficer before work
continues at the site. |f hazardous conpounds or
chemical s are discovered, then the work will be
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t er m nat ed. Al'l testing nust be performed by USACE
val i dated | aboratori es.

Several different types of sanples and tests may be
requi red dependi ng on structure design
construction, and |l ocation. Soil sanples should be
collected for geotechnical analyses for grain size,
noi sture content, density, Atterberg linits,
conpaction, shear strength, and pH Soil at the
site and fill that nay be inported should al so be
tested for these paraneters. The chemi stry of the
soil should be tested to ensure the soil wll
support vegetation growth and is free of

contam nates. Soil should be tested for del eterious
nm croorgani sms that could increase plant nortality.
Surface and groundwat er shoul d be sanpled for

chem stry and quality.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Submit certified reports of inspections and | aboratory tests, prepared by
an i ndependent testing agency, including analysis and interpretation of
test results. Each report shall be properly identified. Test nethods used
and conpliance with recogni zed test standards shall be described. Col | ect
sanpl es of soil and water at and for use at the site, collected at the

| ocations as shown in the drawi ngs and at source |ocations for the
materials or water. Collect these sanples and test as specified bel ow

Sample Location Number Test Met hod Col I ecti on Method

L] L] L1 (I L]

PART 3 EXECUTI ON

3.

3.

3.

1 SI TE VERI FI CATI ON OF CONDI TI ONS

Coordi nate, through the work schedule, the timng of |and disturbing
activities with the provision of erosion control measures. An erosion
control plan will be required in accordance with applicable Federal, State,
or local requirenments. Performerosion control operations under favorable
weat her conditions. Wen excessive noisture, frozen ground, or other

unsatisfactory conditions prevail, stop the work as directed. Wen specia
conditions warrant a variance to earthwork operations, a revised
construction schedul e shall be subnmitted for approval. Bioengineering

materials shall not be applied in adverse weather conditions, which could
affect their performance. Conplete all tasks necessary for the required
submittals.

2 S| TE PREPARATI ON

2.1 Tenmporary Construction Facilities

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Access roads or paths nmay need to be
permanent to allow ease in future nonitoring and
mai nt enance. |f such access is required, provide
requi renents or references to appropriate

speci fications bel ow
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Establ i sh access routes to the construction site prior to the start of work
and show themon the drawings. Al tenporary construction facilities shal
be in accordance with Section 01 50 00 TEMPORARY CONSTRUCTI ON FACI LI TI ES
AND CONTROLS. Provide access to the work site and harvest area by
[tenmporary] [permanent] [roads] [and] [paths] designed for [notorized
vehicl es] [and] [pedestrian access] if acceptable and in accordance with
regul ati ons and property owner restrictions and perm ssion. Select access
met hods that have the | east inpact on existing site conditions and that nmay
be easily renoved and restored upon the conpletion of work. Provide strict
access control to the work and harvesting sites to prevent access by
non- aut hori zed personnel. Install [access gates] [barricades] at the
entrances of tenporary [roads] [paths] to the sites. [These gates shall be
secured with a keyed lock and shall remain closed at all times when
personnel are not present at the gates for access. Provide duplicate keys
for the lock to the Contracting O fice, |andowner, authorized regulatory
personnel, and fire and | aw enforcenent as required.] [Place appropriate
signage on the gates that clearly specify site access is restricted.]

.2.2 Cl earing and Grubbing

The access route and construction site shall be cleared of vegetation
necessary for the construction of the bioengineered structure or staging
area in accordance with Section 31 11 00 CLEARI NG AND GRUBBI NG Efforts
will be nmade to sal vage vegetation suitable for use in the bioengi neered
structure.

.2.3 Er osi on and Sedi nent Control

Install erosion and sedi ment control measures prior to active construction
efforts to prevent erosion of soil and offsite rel eases of sedimnent.

.2. 4 Earthwork

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: M nor or extensive earthwork may be required
as part of the construction of the bioengi neered
structure. This specification only includes the
requi renents for mnor earthworks for trench
excavations and soil roughening. D nensions for

m nor earthworks are provided in the specific

bi oengi neeri ng nethod sections below. Site grading,
shaping, or trenching for drains and utilities, and
material types and gradations should be included in
Section 31 00 00 EARTHWORK

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The [stream bank] [shoreline] shall be sloped and graded [in accordance to
Section 31 00 00 EARTHWORK] [and] [as shown on the draw ngs].

.2.4.1 Trenches

Unl ess ot herwi se stated, trenches shall be to the depth, width, and |ine as
shown on the drawi ngs. Side slopes, unless otherw se indicated, shall be
at the angle of repose. Material removed fromthe trench shall be [used as
backfill] [removed fromthe site]. [Trenches shall be backfilled with
select fill]. [The floor of the trench shall be compacted to 90 percent
maxi mum dry density and snooth.] Place backfill in 150 nm6 inch lifts
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conpacted [to 80 to 90 percent maximumdry density] [sufficiently to

i mprove soil density but not inpede vegetation root gromh]. [Trenches
shal | be keyed into the stream bank for a distance of 3 feet]. [Shoring
shall be installed [if the trench exceeds 1 m3 feet in depth] [as required
by regul ations]]. [The Contractor is responsible for dewatering of
trenches for construction purposes.]

3.2.4.2 Fi ni shed G ade

Fi ni sh grade shall be smpoth and as shown on the draw ngs and in accordance
with Section 31 00 00 EARTHWORK

3.2.4.3 Sur f ace Rougheni ng

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

NOTE: Surface rougheni ng shoul d be perforned on al
sl opes with exposed earth that are greater than

3H: 1V. Surface rougheni ng reduces surface runoff
vel ocities and provides depressions that collect
sedi ment, seed, and water, thereby inproving
vegetation establishnent on the slope. Roughening
may be acconplished by traversing the surface with
track-nounted equi pnent, manual efforts such as hand
raki ng, or terracing of the slope during excavation
or the placenent of fill. The method of roughening
may vary depending if the slope is a new cut or fill
surface or an existing or graded slope. Surface
rougheni ng shoul d not create ridges or depression
that hinder the nowi ng of slopes that are 3H 1V or
less.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The surfaces of all barren slopes related to work efforts shall be
roughened by [equiprment] [and] [rmanual efforts] to reduce erosion and
pronote trapping of seed, water, and sedinent. Al lifts shall be
conpacted as specified in Section 31 00 00 EARTHWORK. [ The surfaces of the
lifts shall be covered with | oosely conpacted soil to a depth of 100 mm 4
inches.] [Track-nounted equi pment shall traverse the slope fromthe toe to
the crest to place track inprints parallel to the contours of the slope.]

a. [Slopes on new cut faces greater than 3H: 1V shall be roughened by
stair-step cuts installed during construction. The faces of the steps
shal | not exceed 600 mMmm 2 feet in height in soft material or 900 mm 3
feet in height in hard material. The horizontal spacing between the
vertical faces shall not be less than the vertical height of the step.]

b. [Slopes on new fill greater than 3H:1V shall be roughened by the
installation of |lifts of conpacted soil that shall not exceed 200 nm 8
i nches in thickness.]

c. [The existing slope of graded areas shall be roughened by tilling,
di ski ng, harrowi ng and seedi ng, or other suitable nmethod or equi pnent
to produce ridges and depressions in the surface of the sl ope, which
are parallel to the contours of the slope. These ridges and
depressions shall not exceed 25 mm 1 inch in depth or height above the
grade surface and shall be spaced no nore than 250 nm 10 i nches apart.]

d. The final roughened surface shall not be snopothed by bl adi ng or
scraping. Al large soil clunps shall be broken into snmall clunps not
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3.

nore than 50 nm 2 inches in dianeter and di spersed on the i medi ate
surface. Munds or depressions of soil that are greater in height or
depth than those produced by the nethod of roughening shall be cut or
filled with suitable material to grade and shall be roughened to match
t he adj acent surface. Depressions of depth greater than 150 nm 6 i nches
shal | be backfilled with conpacted suitable material until reaching
t he design grade of the sl ope and roughened. Sand or silty sand shal
not be conpacted to a density that may prevent vegetation planting and
growth. Roughened areas shall be seeded, planted, or covered with
erosion control products [inmediately after roughening] [within [ ]
days after conpletion of roughening].

.3 FI RE PREVENTI ON

Al'l efforts possible shall be taken to prevent fire at the work site and
harvest area as a direct result of work efforts. Fire prevention or
suppressi on equi pnent shall be provided to personnel at the work and
harvest sites. Al equipnment shall be in conpliance with applicable
regul ati ons and shall be kept in working condition at all times and within
no nore than 5 m15 feet distant fromthe active work areas.

.4 SANITATION

Provi de adequate portable sanitation facilities for persons at the
construction and harvest sites that are in conpliance with all Federal
State, and local requirements

5 HARVESTI NG OF VEGETATI ON

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Most plants for bioengineering structures
constructed near water are wetland plants except for
speci es used for the vegetation of high bank areas.
Wyody plants or herbaceous plants may be used and
shoul d be sonewhat flood tolerant. Harvesting may
i nclude the collection of woody pl ants, herbaceous
plants, or single or clunp plantings. Vegetation
shoul d be harvested fromlocal sources and native
pl ant speci es near the construction site. The need
to obtain vegetation fromdistant sources shoul d be
evaluated in ternms of cost and the risk of

i ntroducing foreign genetic material into the
wat er shed in which work occurs. Vegetation should
be obtai ned when at all possible fromthe sane

wat ershed in which the work will occur. O her
stabilization nethods nay be nore appropriate for
the site due to high transportation and handling
costs.

Site harvesting shall require the cutting of

exi sting vegetation for |live and dead stakes, poles,
or cuttings, collection of roots or tubers, or
excavation of plants with root mats intact. The
harvest site must not be over harvested and nust be
restored as much as reasonably possible after
harvest work is conpleted. The nunber and | ocation
of the vegetation that may be harvested shall be

det erm ned before construction by a qualified

bot ani st or forest engineer.
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.5.1 Harvesting of Wody Pl ants

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Woody plants consist of stemcuttings that

qui ckly sprout roots and stens fromthe parent

stem These plants are typically willow and perhaps
some species of dogwood and al der. Nursery stock
with established roots may al so be used.

The I ength of the harvested vegetation will vary
with site conditions and structure design. In
general , stakes and pol es should extend at [east 300
nmm 1-f oot above the top of structure. Cuttings
shoul d extend at | east 300 nm 1-foot beyond the edge
of a structure or 600 nm 2 feet above the ground
surface. The actual lengths of the stakes or poles
shal | be based on the depth of soil fromthe surface
to the mid sumer capillary zone or water table.

For gui dance, the minimumlength is three feet. The
di ameters for the base of cuttings and stakes nay
range from19 to 38 nmm 3/4 to 1.5 inches and should
be of sufficient dianeter to resist buckling when
driven into the streanbed or bank. Live poles may
range from50 to 100 mm 2 to 4 inches. Live or dead
| ogs used for crib walls should be at least 100 mm 4
inches in dianmeter for gullies and 200 nm 8 i nches
in dianmeter for use in streans or rivers. To

i mprove survivability, live stakes and pol es nust be
of sufficient length to penetrate the soil 600 mm 2
feet bel ow the bi oengi neered structure or to within
the capillary zone of noisture in the soil.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkk

[Stakes] [,] [poles] [,] [and] [cuttings] shall be harvested fromloca
sources of selected species. Species of plants foreign to the ecosystem
environnment at the work site shall only be inmported if they pose mninma
threat to interfering with the native vegetation, are accepted by

regul atory and environmental managenment, and are able to survive at the
specific site. Unless otherw se stated below, [cuttings] [and] [stakes]
shall be 19 to 38 nm0.75 to 1.5 inches in dianeter and at least 1 m3 feet
inlength. [Stakes] [Poles] with a diameter of 50 to 75 mMm 2 to 3 inches
and minimmlength of 1.5 m5 feet shall be used for insertion into arnored
stream bank structures. [Stakes] [and] [cuttings] [and] [poles] shall be
cut fromhealthy plants and shall be as straight as possible. Plants for
harvest shall be a m ninum of one-year-old, preferable 2 to 5 years in

age. Suckers or current year growh shall not be used. Al cuts shall be
clean and free of splits or excessive peeling of bark. At l|east two bud
scars shall be visible on the [cutting] [stake] [pole] above the surface of
the ground or structure when installed. [Stakes] [Poles] with deviations
or curvatures greater than 13 nmO0.5 inch fromvertical per 200 mm 1-foot
of length will not be accepted. [All branches emanating fromthe [stake]
[pole] shall be trimred as close as possible to the surface of the stake

wi t hout damage to the bark.] [The bottomend of the [stake] [pole] shal

be cut at an angle of 60 degrees to the horizontal. The top of the [stake]
[pole] shall be cut normal to its length.] [Live cuttings shall be
harvested from branches and shall include the growth tips of the branch

The butt of the cutting shall be cut at an angle to the vertical to aid in
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placing into soil.] |If trunks of vegetation remain after cutting, these
trucks shall have a sufficient nunmber of healthy branches remaining to
al | ow survival

3.5.2 Har vesting of Herbaceous Pl ants

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Edit this section as required. Consult a
qual i fi ed botanist for harvesting, handling,

growi ng, and transplanting requirenments if

her baceous plants are to be used. Herbaceous plants
may be emergent aquatic plants such as reeds,

rushes, and sedges or may be non aquatic plants such
as grasses or other forbs that require noisture
during sonme portion of the year. Harvesting of
these plants requires the collection of seeds,

roots, or tubers. The roots or tubers nay be
transplanted directly to the site. Plants fromthe
roots may be grown in a nursery and subsequently
transplanted to the site. Plants or roots collected
in the field nmust be placed in containers filled
with water and kept cool until being transplanted to
growi ng nedia at a nursery. Exposure of the
harvested plants to wind or dry and hot conditions
shoul d be avoided. Consult a wetlands expert for
nmet hods for collecting and growi ng of wetland plants.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

3.5.3 Harvesting of Reeds or Clunp Plantings

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Edit this section as required. Consult a
qual i fied botanist for harvesting and transpl anti ng
requi renents of reed or clunp plantings. Single

pl ants or groups of plants nmay be harvested, which

i nclude the root mass in soil plugs. Large clunp

pl antings require the renoval of vegetation with the
root mass and surrounding soil intact. These |arger
pl anti ngs nay be extracted by hand and shove

nmet hods or the use of light or heavy equi pnent.

*% *% *% *% *% *% *% *% *% *% * *% *%%

3.5. 4 Seal i ng of Harvest Cuts

Al'l harvest cuts on trunks or branches of the host vegetation shall be
trimred of | oose wood or bark and seal ed with an approved seal ant to
prevent desiccation and di sease or infestation at the end of the workday
wi t hout excepti on.

3.5.5 Harvest Site Restoration
The harvest site shall be restored to preexisting conditions as best as
possi ble after harvesting is conpleted. Restoration shall include but

shall not be limted to renoval of aggregate or wood chip roads or access
pat hs, access gates, and ruts or depression, or other itens or features
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3.

3.

related to work activities.

5.6

Excess cut vegetation from harvesting shal
[coll ected and renoved fromthe site]

pl ace]

Di sposal of Excess Vegetation

]

the designed structure].

6 TI ME OF PLANTI NG

NOTE: Edit this section as needed for site specific
conditions. Provide specific dates for the planting
wi ndow bel ow.

Wbody plants and nursery stock should be planted in
the dornmant season. These plants are dornmant when
buds are set in the fall after the first hard freeze
until the tine when the buds begin to swell in the
early spring. |If planting can not be done during

t he dormant season, then the cuttings may be stored
in a cold environnment at -2 degrees C 28 degrees F
until planting is possible.

Her baceous plants may be planted during the dornant
or non dormant seasons. |If planted in the non
dormant season, these plants should be placed as
early as possible in the spring to allow the
greatest ampount of tinme for root devel opnent and
grow h. Herbaceous plants should not be planted
during hot or dry weather if at all avoidable.

The tine of planting is also dependent on site
climatic and hydrol ogic conditions. The best tine
to plant is when the streamor |lake is at nean water
I evel. Planting should occur in the fall at sties
where the water levels are expected to be [ ow from
the fall to the spring and if the plants may
experience sonme growth and establishment before
spring floods. Planting at sites where water |evels
fluctuate during the winter due to flooding or where
frost heaving of soil occurs should be del ayed unti
late spring. Late fall plantings may be preferable
at locations subject to winter flooding and summer
droughts. Fall planting is not reconmended for
areas where | ate season droughts or frost heaving
occurs below the root |level. The designer should
consult a hydraulic engineer to deternine water

I evel s and flow velocities at the site during the
planting and initial growth periods. Cunp planting
of shrubs or reeds should occur in the spring or
early sumer.

*%

*%

*% *% *% *% *% *% *% *% *% *% *%%

[1eft

Pl anting shall occur in the [spring] [fall] [sumer] starting no earlier

than [

] and shall be conmpleted by no later than [
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.7

TRANSPORTATI ON OF HARVESTED VEGETATI ON

Al freshly harvested and prepared |ive woody vegetation shall be

i mredi ately subnerged in clean uncontamni nated water and shall not be
allowed to dry out. Cut vegetation shall be transported to the work
stagi ng area subnerged in water. |If site conditions prohibit direct
access to storage bins filled with water, then the freshly cut live
vegetation shall be wapped in cloth, which is thoroughly saturated
with water, and shall be transported to a storage bin filled with water
within no nore than one hour fromthe tine of cutting.

Li ve vegetation shall be transported fromthe staging area to the work
site in containers fully covered with clean water. Vegetation shall be
renmoved fromthe containers and i mredi ately placed in the ground. In
the event that access to the installation site is limted, vegetation
shal |l be renoved fromthe soaking tanks and wapped in bundles that are
conpletely covered with at |least three |ayers of saturated highly
absorbent cloth or saturated bi odegradabl e paper product w th high
saturated strength. The cloth and bundl es shall be placed in plastic
liners for greater ease in transportation to the work site.

Cut vegetation shall not be left uninstalled at the work site and
exposed to air or heat or excessive cold for any reason. Dead
[cuttings] [stakes] [poles] shall not be soaked unless the design
requires this vegetation to be flexible. Cut live vegetation that is
exposed to air for longer than 15 nminutes during harvesting,
transportation, installation, or which were not collected or
transported as specified above shall not be accepted. Danaged live
vegetati on shall not be accepted and shall be replaced at no expense to
t he Governnent.

[[ Her baceous plants] [Nursery stock] shall be transported to the work
site in covered vehicles. Plants shall not be subjected to cold or
excessi ve heat or drying during transport. The plants shall be
careful ly unl oaded at the staging area and placed in a shaded area.

Pl ants shall be watered and maintained in healthy condition until the
time of installation. The plants shall be transported to the work site
[ by hand] [push cart] [vehicles] and i mediately installed at the

site. Danaged, wilted, diseased, or dead [plants] [nursery stock]

shall not be accepted and shall be i mediately replaced at no expense
to the Governnent.]

SOAKI NG AND PAI NTI NG CF LI VE WOODY VEGETATI ON

kkkkkkkkkkkkkkkkkkkkkkhhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhhkhkkkkkkx

NOTE: Make all possible efforts to prevent the
harvested |ive vegetation from !l osing nmoisture from
the tine of cutting to insertion into the ground.
Soaking of the live vegetation greatly inproves the
ability of the plants to survive transplant into the
bi oengi neered structure.

kkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkk

Al'l harvested |ive vegetation shall be soaked in clean water for 3 to 5
days before installation into the ground. The |ive vegetation shall be
pl aced in clean, |leak proof, large plastic storage containers or
simlar, which are at [ east 300 nm 12 inches longer in length than the
cut vegetation. Reused or new nmetal drums or druns used for the
cont ai nnent of hazardous wastes or chenicals shall not be used. The
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3.

contai ners shall be placed in organized lines in a shaded | ocation
separated by a sufficient distance to allow access of a vehicle to the
containers for the placenment and renoval of the vegetation. Each
contai ner shall be given a unique identification nunber or series of
nunbers and letters that shall be clearly visible at the end of the
contai ner that shall be approached for the placenent or the renoval of
vegetation. The identification nunbers shall be recorded and
referenced in relation to the contai ned vegetation for quality control
and construction purposes.

b. The water levels in the containers shall be checked twi ce daily and
wat er shall be added as needed to ensure the containers are filled with
sufficient water to conpletely cover the contained vegetation with a
m ni mum of 50 mMm 2 inches of water. Rust proof weights or clean
cobbl es or boul ders nay be used to weight down the vegetation and
retain it under the water surface. These weights shall not crush or
damage the vegetation. Water in the containers shall be conpletely
replaced with fresh and clean water every 3 days wi thout exception
Vegetation that remains in water that has not been replaced as required
shall be deened defective and shall not be accepted by the Governnent.
Wat er replacenment schedul e nay be adjusted to conpensate for weekends
and holidays with the notification and approval of the Contracting
Officer.

8.1 M xi ng of Live Vegetation

Vegetation of a specific species shall not be conmingled with another
species during cutting, soaking, or transportation

.8.2 Pai nti ng of Stakes and Pol es

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: The painting of the tops of the live stakes

and poles will reduce desiccation of the cuttings,

potential for disease nortality, and allow ease in

| ocating once installed. Al painting shall occur

after soaking. Stakes or poles made of |unber may

be painted at the option of the designer to inprove
visibility.

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

The top ends of the [stakes] [and] [poles] shall be painted with a | atex
paint diluted with water at a ratio of one part paint to one part water

The tops of the [stakes] [and] [poles] shall be [dipped in the dilute paint
m xture to a depth of 75 nm 3 inches after soaking] [painted imediately
after planting by [brush] [spray applicator]]. The color of the paint
shal |l be [caution yellow] [safety orange]. The top ends of dead [stakes]
[and] [poles] shall [not] be painted.

.8.3 Harvesting and soaki ng records

Daily | ogs shall be prepared docunenting the activities of plant
harvesting, transportation, and soaking. These records shall contain at a
m ni num nane, date, weather conditions, conpany, |ocation of harvest area,
| ocation of soaking area, site rehabilitation, species harvested, nunber of
cuttings harvested, nunber of cuttings placed in soaking tanks, damage to
cuttings, problenms, and solutions to problens encountered. Records shal
clearly indicate the health of the prinmary vegetation from which the
cuttings are obtained, dianeter of cuttings and primary vegetation, |length
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of cuttings, trimmng procedures, time of cutting, tine of placenent in
transportation bins, handling procedures, sealing of harvest cuts, tine the
live vegetation is delivered and transferred to soaking tanks, and
identification |abel of the tank in which the cuttings are placed. The
records shall contain the duration of soaking of the vegetation, water
quality and tinme and anpbunts of water added to the tank during soaking,
time of renoval of the cuttings fromthe tanks, tine of planting of the
cuttings, and procedures used for renoval, transportation, and planting of
the vegetation at the construction site. The records shall be signed by
the | ead harvest person or person in charge of soaking and planting and
shal |l be provided to the on-site manager at the end of each day. Records
shal |l be provided to the Contracting Officer within [24] [ ] hours of
completion.

.9 STAG NG AREA

NOTE: A staging area for operations nay be
required. This staging area should be | evel and of
sufficient size for the positioning of nunerous bins
for the soaking of live vegetation before
installation. The staging area should al so be of
sufficient size to allow parking, storage of

equi pnent, construction of bioengi neering
conponents, work trailer, sanitation, and water
tanks if necessary.

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkhhhkkkkkkkkkkkkk kkkkkkkkhkkkkkkkkkkkkhkhkhkk

A staging area shall be constructed at the work site for the storage of

equi pnent, work trailer, portable sanitation, water tanks, parking, and al
other materials and equi pnent required to conplete the work. The site
shoul d have a |l evel portion for the placenent of soaking tubs for the live
vegetation. [The staging area shall be secured by an eight feet high chain
link security fence to prevent vandalism or unauthorized access to the
staging area.] Adequate surface preparation shall be perfornmed to prevent
excessi ve settlenment, ponding of water, or rutting. The |location and
design of the staging area shall be shown in the draw ngs.

10 S| TE DRAI NAGE

NOTE: The desi gner should specify the site specific
requirenents for tenporary and pernmanent drainage in
this section. Wrk and harvest sites should be wel
drained at all times to prevent the ponding of

water. Runoff water nay need to be stored in
retention or settling ponds before release to
surface water bodies or channels. Al tenporary
drai nage features and structures shall be renpved
and restored to preexisting or design conditions at
the end of work. Drainage may be a requirenment for
structure stability and for final grade of the work
site. Sone structure may require internal drainage
of groundwater to inprove stability. The

requi renents for internal drainage design should be
stated in the requirenment paragraph of the selected
structure. Best Managenent Practices shall be

enpl oyed in accordance with Section 01 57 19
TEMPORARY ENVI RONMVENTAL CONTROLS.
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3.11 DEWATERING

NOTE: Excavations nmay need to be dewatered to all ow
construction. Failure to due necessary site

i nvestigation or characterization may result in
construction del ays, unsafe working conditions, and
cost cl ai ms.

It is inmportant to understand the subsurface
groundwat er condi tions, surface drainage, and
precipitation in the area of the work during the
sel ection and design of a structure. Wter in
excavations nay delay work efforts, interfere with
proper soil placenment and conpaction, and danage
vegetation. Structures that incorporate |arge
amounts of woody vegetation nmay be damaged due to
buoyant forces if these excavations fill with water
before sufficient material or binders have been
placed to hold the vegetation in place. Water
renoved from excavations may require treatnent

bef ore rel ease.

Excavations adjacent to tidally influenced water
bodi es offer challenges in water control and

drai nage of excavation in terms of construction
timng. Tine of construction and dewatering nay
need to be adjusted to match tidal events and
require work during time periods other than norma
wor ki ng hours. Simlarly, work schedul e and
dewat eri ng of excavations nmay need special attention
adjacent to rivers or streanms that fluctuate
seasonally or daily due to water rel eases from water
storage or hydropower projects. |In areas where
water levels fluctuate, precautions should be taken
to ensure the structure will not be damaged by
buoyant forces or by currents.

Dewat eri ng of excavations can be expensive due to

pl anni ng, equi pnent, |abor, and di sposal efforts.

Al ternative designs, locations, or foundations
shoul d be considered to reduce project costs if
required. Goundwater should be tested for chem ca
contam nation before the start of work. The cost of
dewat eri ng and treatnent of such water nmay be high
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Submit overall plan for dewatering and any required diversion of water.
Conpl etely address in the plan installation and renoval of the required
systens and features. Dewater for construction, obtain and review all
necessary information to ensure dewatering efforts are in conpliance with
regul ati ons, and ensure the designed dewatering efforts are adequate based
on site conditions and clinmate and other variables that may effect
dewatering efforts. [Subnit a technical nmenorandum detailing al

dewat eri ng requirenents, |ocations, nethods, and di sposal procedures to the
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3.

Contacting Oficer at |least [60] days before the start of work.]

I nformation provided by the Governnent regardi ng dewatering requirenments
and site conditions shall in no way relieve the Contractor of ful
responsibility for all dewater planning, efforts, and costs. Ensure the
structure will not be damaged by buoyant forces or by currents should water
enter the excavation or during the renoval of this water. Ensure

dewat ering efforts do not inpact adjacent structures or property, result in
instability of the excavation floor or slopes, produce unsafe working
conditions, or danage to animals or the environment.

12 Bl CENG NEERED STRUCTURES

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The nobst common types of bioengi neered
structures are described below. These structures
may be categorized as common, transverse, deflector
or longitudinal. Conmon structures are generic
bi oengi neered structures applicable to gullies,
stream banks, and | ake shores. Transverse
structures are constructed across stream channel s
that are less than 4.5 m 15 feet wide and 3 m 10 feet
deep. Deflector structures are constructed from
the bank into a streamor river to deflect flow away
fromthe bank. Longitudinal structures are
constructed parallel to stream banks or | ake
shores. Bioengineered structures nay be used
separately or in conbination for bank protection and
stabilization dependi ng on the geotechnical and
hydraulic site conditions, physical setting, desired
habi tat, and supply of construction naterials.
Structures not pertinent to the proposed design
shoul d be deleted fromthis specification
Structures described bel ow are:

Common Structures

Per nanent seedi ng

Li ve Staking

Joi nt planting

Pol e pl anting

Li ve fascine

Siltation structures

Brush mat

C ump planting

Transverse Structures (streanms less than 4.5 m 15
feet wide, gullies, small tributaries)
Palisade

Brush and stone sil

Wattle fence sil

Vegetated crib wall or wood sill

Veget ated dry stone barrier

Brush works or brush packing

Li ve fascine sil

Deflectors (Streans wider than 9 m 30 feet, stream
bank protection)

Veget at ed defl ector (groins, dikes, spurs)
Li ve brush sil

Brush transverse

Brush grid

Longi tudi nal Structures
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Single or clunp reed planting
Li ve stone revet nent

Brush | ayered revetnent

Longi tudi nal Iive fascine
Longi tudi nal brush packi ng
Live crib wal

The specific names for bioengi neered structures have
not been standardi zed. The names of the structures
listed above are not inclusive of all structures
mentioned in literary sources and only represent a
general conpilation of the nost commonly referenced
nanes assigned to the structures. Therefore,

i ndi vi dual s may have a different understanding of
the function and deign of a structure when provided
with only a name. A diagram of the proposed
structure is recommended for inclusion in this
specification to provide clarity in the description
and intent of the requirenents. The designer nay
obtain these drawi ngs fromnumerous literary
sources, private venders, or State resource
agencies. It is recommended that the designer
revi ew these drawi ngs during the selection of the
structures for use and that the designer should
provi de these drawi ngs to other personnel involved
in the deign and planning of the project to reduce
confusion in design objectives and requirenents.
These drawi ngs may be edited for site specific
condi tions as needed and shoul d be included in or
attached to this specification.

The fol |l owi ng paragraphs provide the general types
of information that are required for the description
of requirenents for the structures. The designer
nust edit the selected requirements to neet project
obj ectives and performance criteria based on actua
site conditions.

3.12.1

*%*

3.12. 1.1

*kkk
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Common Structures

Per manent Seedi ng

*kkk
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NOTE: Permanent seeding is a sinple nethod of
stream bank stabilization that may be used al ong | ow
vel ocity streans or channels with peak flows | ess
than 0.08 cubic neter per second 3 cubic feet per
second. Seeding nust be conbined with erosion
control stabilization nethods to prevent or reduce
soi|l erosion during germnation and the first

several years of vegetation growmh. Selected
speci es of grasses and/or plants should be native to
the area, resilient, provide a dense root mat, and
be able to withstand being subnmerged in water for
ext ended periods. The placenent of rock or woody
debris nmay be required at the toe of the bank to
reduce undercutting.

*% *% *% *% *% *% *% *% *% *% *%%
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Sel ected seed shall conformto all required regul ations and requirenents
and all seeding shall be performed in accordance with Section 32 92 19
SEEDI NG  Seed shall be placed before installation of erosion control mats
or the application of other erosion control materials or products.

3.12.1.2 Li ve Staking
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NOTE: Live staking is the insertion of living
stakes of vegetation into the ground. Live staking
may be used to cover |arge areas of stream banks and

to infill areas between other bioengi neered
structures. Live poles may al so be used in lieu of
stakes if deeper ground penetration is required. In

this event, the nethod should be referred to as live
pol e staking. Conmbining live stakes with dead
stakes nay be feasible where the trapping of debris
on the bank is desired or where there is a limted
supply of local live vegetation
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Li ve stakes shall be driven into the ground in a row parallel to the stream
bank with the stakes spaced 1 neter 3 feet apart. Rows of stakes shall be
installed starting fromthe toe of the bank and progressing | andward and
shall be spaced 1 neter 3 feet apart. Successive rows of stakes shall be
of fset fromthe preceding row by one half the spacing distance between the
stakes. Construction shall be perfornmed in accordance with ASTM D6765
Standard Practice for Live Staking.

3.12.1.3 Joint Planting

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Joint planting is a variation of |live staking
in which live stakes or poles are driven between the
joints of large natural stone, rip rap, or other
forns of bank arnor. This nethod may be used to add
vegetation to stretches of stream bank, which are
protected by barren arnor to inprove habitat and add
areas of shade. Vegetation will inprove bank
stability due to the devel opnent of root nats. The
vegetation will also decrease the velocity of water
adj acent to the bank during high flow events.
Caution is advised to check the stability and
condition of the arnmor before using these nmethods on
exi sting protected banks. The ampunt of sedi ment
that may accumul ate on the back as a result of the
veget ati on shoul d be considered in long term design
performance since the deposition of |arge ambunts of
sedi rent nmay overload the bank and result in failure.
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Live [stakes] [poles] shall be installed in rows parallel to the stream
bank with the [stakes] [poles] driven into joints between the [stones]
[rocks] of the bank arnor. [Stakes] [Poles] shall be driven a m ni mum of
600 mMm 2 feet into the soil behind the arnor and shall be spaced 1 neter 3
feet apart. The [stakes] [poles] shall be inclined at 15 to 45 degrees
fromhorizontal. Rows shall be installed starting at the toe of the bank
and progressing | andward and shall be spaced 1 neter 3 feet apart.
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[ Stakes] [Poles] in successive rows shall be offset fromthe [stakes]
[poles] in the preceding row by half the spacing distance. The tops of the
[stakes] [poles] shall extend at least 0.5 m1.5 feet but not nore than 1
meter 3 feet above the top of the arnor.

3.12.1. 4 Pol e Pl anting
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NOTE: Pole planting is the placenent of vertical
live or dead poles in multiple rows along the toe of
a stream bank. The poles nmay trap debris between

t he pol es and between the poles and the bank. The
accumul ation of debris should reduce the flow

vel ocity adjacent to the bank and encourage the
deposi tion of sedinent and thus pronote the
aggradati on of the bank over tinme. The structures
wi |l not provide i medi ate erosion protection,
habitat, or bank stability. Erosion protection and
habi tat shoul d devel op as debris is trapped and the
vegetation begins to grow The stability of the
bank should i nprove over time as new bank is fornmed
and vegetation and root mats becone established in
the new bank material. Pole planting may be used in
areas with steep or vertical banks or in areas with
alimted supply of the vegetation that is necessary
for the construction of other types of bioengineered
structures. Pole plantings may be conbined with
brush mats or brush grids. Pilot holes may need to
be drilled to allow the installation of the poles in
coarse alluvial streanbeds. Pole planting is not
reconmended for use in stream channels that contain
| arge boul ders or where bedrock may be within a few
feet of the channel bottom The depth to scour nust
be known to ensure the poles will not be |lost due to
degradation of the streambottomduring a flood
event.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Li ve poles shall be driven vertically into the streambed to a mi ni mum
depth of 1 m3 feet. [No nore than one-half the length of the pole bel ow
grade shall extend above the ground.] [The poles shall be driven to
refusal.] [Pilot holes shall be drilled at the | ocations where the poles
shall be installed using a steel rod or nechani zed drilling nmachine. The
pol es shall be placed into the holes and | oose sedi nent around the poles
shal | be compacted in place. Additional sedinent shall be added as need to
fill any space between the pole and the inner wall of the pilot hole unti
the hole is filled to the existing surface.]

a. Poles shall be straight and at |east 100 mm 4 inches in dianmeter. The
driving tip shall be shaped to a point to aid in installation
Branches shall [not] be stripped fromthe pole [where exposed above
grade after installation]. The top of each pole shall be cut normal to

its length.
b. Install poles in rows parallel to the stream bank at a nom nal spacing
of 1 m3 feet. Install rows starting at the toe of the bank and

progressing towards the stream channel to the nean | ow water |evel.
O fset poles in successive rows fromthe poles in preceding rows by one
hal f the spacing distance. The tops of the poles shall be at a uniform
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elevation [of 1 m3 feet] above the nean |ow water |evel along the bank

3.12.1.5 Li ve Fasci ne

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Live fascines are long bundles of live or
dead branch cuttings tied together in tubular
sections from1l to 10 m4 to 30 feet in length and
up to 300 nm 1-foot in dianeter. Smaller dianeters
and | engths of fascines are advantageous in areas
where access by vehicles is not possible and
materials nust be provided to the site by manual

| abor. Fascines are recommended for sites close to
| arge supplies of vegetation. Fascines are

advant ageous in stabilizing slopes of long length
and for protecting the toes of banks. The
structures are effective in reducing erosion on

sl oped banks that are subjected to bank scour or
hi gh surface runoff. The horizontal arrangenent of
fascines will reduce erosion and trap sedi nent and
seed on the slope. The structures will deflect and
i nsul ate the bank fromthe stream current.

The stability of the bank will inprove as the live
veget ati on devel ops root systens. Steep or undercut
banks must be reduced in slope to provide a stable
sl ope for construction and installation of the
fascines. Banks that have experienced sl oughing or
rotational failures nust be repaired by the renoval
of the failed material and the reconstruction of a
stabl e surface before the installation of the
fasci ne structures.

Fascines require large anbunts of |ive vegetation
for construction. Therefore, these structures are
best suited for tenperate regions where there is a
significant supply of available and suitable
vegetation near the work site. Staggered fascine
structures are reconmended in areas with linited
supplies of vegetation or as a neans to reduce
project costs. Fascines are suitable to protect the
t oes of banks when used in conbination with other

bi oengi neeri ng net hods on the slopes. Fascines nmay
be used at transition areas between different types
of erosion or stabilization structures such as

bet ween erosion control mats and live siltation
structures at the toe of a stream bank, or with
brush mats or |ayered structures.

Fasci nes may be refereed to as horizontal or
vertical structures. Horizontal fascines are placed
parallel to the streamchannel. These fascines will
reduce bank erosion by scour and surface runoff.

The recomended spaci ng between horizontal fascines
based on bank sl ope are:
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Slope Sl ope Di stance Maxi mum Sl ope
Bet ween Trenches (m Length (nft)
ft)

1H 1V to 1.5H 1V 0.9-1.23-4 4515
1.5H 1V to 2H: 1V 1.2-1.54-5 620
2H: 1V to 2.5H 1V 1.5-1.85-6 930
2.5H 1V to 3H 1V 1.8-2.46-8 1240
3H: 1V to 4H 1V 2.4-2.78-9 15.250
4H: 1V to 5H: 1V 2.7-39-10 18.360

Vertical fascines are placed nornal to the stream
channel . These fascines nay be used to serve as
drai nage conduits between the key trenches of

hori zontal fascines and are recommended in tenperate
regi ons and banks conposed of poorly drained soils.
Vertical fascines may be used to protect the bank
fromscour. The spacing of the vertical fascines
shal | be determ ned by site conditions, but should
be cl ose enough to prevent scour of the bank between
the vertical bundles.

The trenches for the horizontal fascines nmay extend
the full width of the work area or nay be of shorter
| ength and staggered to reduce the anount of

material and | abor required for the project. Key
trenches nust be installed at the toes of banks for
hori zontal fascine structures. The key trenches nay
be filled with natural stone and |ive and/or dead
fascines up to three bundles in height. The ends of
all trenches should be keyed into the bank or
protected with | arge natural stone to prevent scour

The trenches for vertical fascines should extend
fromthe crest to the toe of the bank if these
fasci nes are used w thout other structures on the
sl ope. The trenches for the vertical fascines may
extend between the trenches of horizontal fascines
if used in conbination. |In this case, the vertica
fasci ne trenches shoul d connect the | owest portions
of the horizontal fascine trenches to all ow

drai nage. Trenches for both horizontal and vertica
fascines may be installed | andward of the crest of
the bank if additional protection is desired and
sufficient roomfor these trenches is avail abl e.

Fasci nes conposed of live cuttings nmay be placed on
bank sl opes to the nean high water |evel of the
stream Live cuttings capable of growh under
saturated conditions may be placed in the stream and
in key trenches to elevations below the nean water

| evel . Dead cuttings may be used for fascines

pl aced in saturated conditions or nay be interwoven
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with live cuttings to provide added resiliency to
live fascines. Fascines conposed of dead cuttings
may al so be used separately at the toe or on the
bank sl opes where erosion and scour protection are
desired and ot her bioengineered or hard structures
are used for bank stability. Fascines should be
wrapped with erosion control natting when installed
in fine-grained cohesionless soil to reduce erosion
of backfill.

Fasci nes shoul d not be constructed on the ground.

El evated tabl es or braces should be used for
assenbly. Al fascines bundles shoul d be
constructed by laying live cuttings parallel to one
another with all growth tips oriented in the sane
direction. The cuttings should have a mi ni num of
300 nm 1-foot of overlap on successive |layers. The
live vegetation cuttings should be secured into a
bundl e usi ng bi odegradabl e bi nders spaced every 450
to 600 mMm 1.5 to 2 feet along the I ength of the
bundl e. The fascines should be carried to the
installation site in a nanner that prevents
excessi ve bendi ng or breakage. Fascines with broken
or |l oose cuttings due to excessive bending or the
failure of binders nust be repaired or replaced at
no expense to the Governnent.
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3.12.1.5.1 Hori zont al Fasci nes

Install all trenches parallel to the direction of the bank contours. Al
trenches shall be 450 mm 18 inches wi de and not nore than 50 nm 2 inches
deeper than the dianeter of the fascine bundles.

a.

A key trench shall be excavated [at the toe of the bank] [at the nmean

[ high] water level] [at the |ocation shown on the drawings] [to a depth
of 1 m3 feet below the nmean high water |level] and shall extend the

full length of the working area. Trenches up slope of the key trench
shall be [the same length as the key trench] [3 m 10 feet in length and
separated by a spacing of 3 m10 feet longitudinally. The m dpoints of
the trenches placed up slope shall coincide with the nidpoints of the
spaces between the down slope trenches]. Trenches shall be spaced 1.2 m
4 feet apart. A trench shall be installed at the toe and at two feet

bel ow the crest of the bank regardl ess of spacing interval. These
trenches shall extend the full length of the work site. [At |east [2]
[ ] trenches shall be placed | andward of the crest of the slope at

a spacing of 1.2 m4 feet.] Al trenches shall be [keyed into the bank
slope] [and] [filled for a distance of 1 m3 feet with large natura
stone at the up stream and down stream ends of the trenches].

The fascine bundl e shall be placed in the center of the trench with at

| east 50 M 2 inches of the bundl e exposed above the top of the

exi sting grade of the stream bank. The junction between the ends of

adj acent fascine bundles in the sane trench shall be [offset

si de-by-side] [interwoven with each other] for a distance of 300 mm
1-foot. The fascine bundl e shall be anchored in the trench with [live]
[and] [dead] [stakes] [and] [poles] that are at |least 50 nm 2 inches
[square] [in diameter] at the top, 700 nm 2.5 feet in length, and
tapered fromthe top to the base. The [stakes] [poles] shall be driven
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vertically through the fascine until flush with the top of the bundle
starting 1-foot fromthe end of each fascine and spaced every 1 m 3 feet
thereafter. A terminal [stake] [pole] shall be driven 300 mm one-f oot
fromthe end of the fascine regardl ess of spacing interval. [Stakes]

[ Pol es] shall not be driven through or within 150 nm 6 i nches of the

bi nders. Live [stakes] [poles] shall be driven into the slope on the
downhi || side of the fascine bundle at an angle not to exceed 45 degree
fromvertical. The [stakes] [poles] shall be placed at the m dpoint

bet ween the anchor [stakes] [poles] and shall contact the underside of

the fascine, but shall not penetrate the fascine. At least 75 mm 3

i nches of these downhill live [stakes] [pol es] shall extend above the
ground surface. Soil shall be placed and lightly tanped into place
around the fascine and brushed into the voids in the fascine until only

the top of the bundle is partially exposed. The top of the backfil

shall sl ope towards the back of the fascine trench to prevent
overtopping by runoff and to retain water and sedi nent.

c. [A single fascine shall be placed in the key trench.] [Up to [3]
[ ] fascines shall be stacked on top of one another in the key
trench.] Live poles shall be driven vertically into the ground to a
m ni mum depth of 600 mm 2 feet to secure the [stacked] fascine
bundl e(s) in the key trench. These poles shall extend at |east 600 nm
2 feet above the top of the upper nost bundle. Key trenches shall be
backfilled with conpacted [renoved sedinent] [select fill] to match the
[existing] [final grade of the] surface.

3.12.1.5.2 Vertical Fascines

Trenches shall be installed nornmal to the bank contours and shall be spaced
3 m10 feet apart starting fromthe up streamend of the work site. A
trench shall be placed at the down streamend of the work site regardl ess
of spacing interval. The trenches shall extend [fromthe [toe of the bank]
[key trench]] to [[the crest of the bank] [3 m 10 feet |andward of the
crest of the bank]] [between the horizontal fascine trenches. Vertica
trenches shall be offset by 1.5 m5 feet between horizontal trenches to
prevent through flow of drainage]. Al trenches shall be 450 nm 18 inches
wi de and not nore than 50 mm 2 inches deeper than the dianeter of the
fascine bundles. [A key trench shall be excavated parallel to the bank
contours at the [toe of the bank] [nean high water | evel] and shall extend
the full length of the working area. The key trench shall be filled with
hori zontal fascine bundl es as specified above in paragraph HORI ZONTAL
FASCINES].

a. The fascine bundle shall be placed in the center of the trench with at
| east 50 mMmm 2 i nches of the bundl e exposed above the top of the
exi sting grade of the stream bank. The junction between the ends of
adj acent fascine bundles in the sane trench shall be [offset
si de-by-side] [interwoven with each other] for a distance of 300 mm
1-foot. The fascine bundle shall be anchored in the trench with [live]
[and] [dead] [stakes] [and] [poles] that are |least 50 nm 2 inches
[square] [in diameter] at the top, 700 nm 2.5 feet in length, and
tapered fromthe top to the base

b. The [stakes] [pol es] shall be driven vertically through the fascine
until flush with the top of the bundle starting 300 nm 1-foot fromthe
end of each fascine and spaced every 1 m3 feet thereafter. A termina
[stake] [pole] shall be driven 300 mm one-foot fromthe end of the
fascine regardl ess of spacing interval. [Stakes] [Poles] shall not be
driven through or within 150 mMmm 6 i nches of the binders. Live [stakes]
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[ pol es] shall be driven into the slope on the up stream and down stream
sides of the fascine bundle at an angle not to exceed 45 degree from
vertical. The [stakes] [pol es] shall be placed at the nidpoint between
t he anchor [stakes] [poles] and shall contact the underside of the
fascine, but shall not penetrate the fascine. At least 75 nmm 3 inches
of the up stream and down stream|live [stakes] [poles] shall extend
above the ground surface.

Soil shall be placed and conpacted into place around the fascine and
brushed into the voids in the fascine until only the top of the bundle
is partially exposed. The top of the backfill shall be roughened,
seeded, and covered with erosion control natting to prevent the | oss of
soil.

3.12.1.6 Siltation structures

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Siltation structures are conposed of live or
dead cuttings that are placed parallel to the toe of
a stream bank at or bel ow the mean hi gh water

el evation of the stream These structures provide

i medi ate erosion protection, fish habitat during
high flow events, and trap sedinent that results in
bank aggradation. The structures deflect the
current in the streamaway fromthe toe of the bank
to prevent scour and undercutting. The stability of
the bank is inmproved as root systens devel op

Siltation structures are reconmended for sites with
low flow velocities such as the insides of neander
bends, side channels, and in areas of bank scour
behi nd obstructions. The structures are well suited
for locations where the devel opment of new bank is
desired. Siltation structures should be conbi ned
with large natural stone, coir |ogs, root wads, or
other hard structures if used in areas subject to
high flow velocities and scour.

The structures may be constructed of live or dead
cuttings. Live cuttings should be 1 to 2 m3to 6
feet in length, flexible, and from species of plants
with do not mature to heights greater than 3 m 10
feet. Side branches may renmain on the cuttings.
Live cutting structures should be placed at the nean
hi gh water elevation of the streamto allow growth
of vegetation unless the selected species is capable
of root generation under saturated conditions.

Dead cuttings may be incorporated into a live
structure to inprove its resiliency and resistance
to abrasion by sedinent and debris. The dead
cuttings may be fromany locally avail able species
of vegetation. Structures conposed conpletely of
dead cuttings are suitable for areas were tenporary
bank aggradation and erosion protection are
desired. Dead cutting structures may be placed
above or below the nean high water |evel of the
stream |If the dead structure is placed bel ow the
mean high water level, it is recomended that |arge
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natural stone be placed on the cuttings to reduce
floating of the cuttings. Mre than one row of |ive
or dead siltation structures may be placed along a
stream bank to increase the width of coverage.

Siltation structures nmay be placed on the stream
bank normal to the toe of the bank and oriented up
to 15 degrees down stream fromthe perpendicular to
the toe. Theses structures are reconmmended for | ow
sl ope banks to reduce erosion of |ow banks, inprove
bank stability due to root devel opnment, and for
areas where sedinentation is desired. The spacing
bet ween t hese structures shoul d be deternined based
on actual field conditions and flow velocities to
prevent scour between the structures. Live stakes
or poles may be placed between the siltation
structures.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

The siltation structure shall [be [parallel] [normal]] [consist of
segnents parallel and normal] to the contours of the bank. The
structure shall be conposed of [live] [dead] [live and dead cuttings,
conprising [80 percent] [and] [20 percent] of the structure,
respectively]. Cuttings shall be 1 to 2 m3 to 6 feet in length [and
flexible] with side branches attached.

The cuttings shall be placed in a trench that is excavated [at the toe
of the bank] [1 m3 feet fromthe toe of the bank towards the stream
channel] [as shown on the draw ngs]. The trench shall [be parallel to
the bank contours and at the nmean high water elevation.] [extend the
entire length of the work site.] [[normal] [inclined at 15 degrees down
streamto the bank contours.]] [The trench shall extend fromthe toe of
the bank to the nmean water elevation of the stream] All trenches
shall be 600 M 2 feet deep with a 'V shaped cross section. [Trenches
shal|l be spaced 1 m3 feet apart.] [Al trenches shall be keyed 1 m 3
feet into the stream bank. ]

The ends of the cuttings shall be pushed vertically into the bottom of
the trench along the centerline and shall have the growth tips extending
450 mMmm 1.5 feet above the top of the trench. The cuttings shall be
placed to forma layer that is 150 M 6 inches thick with at |east [15]

] cuttings per 300 mmlinear foot of trench. Large natural stone
shal | be placed on either side of the bases of the cuttings and
backfill shall be placed to infill between the stones to the top of the
exi sting [design] grade. [The stream side portion of the structure and
the toe of the bank shall be protected with [coir |ogs] [exposed dead
fascines] [large natural stone with joint plantings of [live] [and]
[dead] [poles] [stakes] [root wads]]]. The ends of the structure shal
be protected with [arge natural stone placed on the up stream side of
structure where it ties into the stream bank

3.12.1. 7 Brush Mat

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: A brush mat is conposed of |ive or dead
cuttings that are placed on the streambank to form
a densely packed | ayer of cuttings. These
structures provide i Mmedi ate erosion protection
habitat for fish during high flow events, and the
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rapi d establishnent of extensive root systens in the
bank. Brush nmats are well suited for erosion
protection of banks damaged by flooding. The growth
of the vegetation conposing the mat structure nay be
i nproved by placing an initial lift of brush and
covering it with soil and then placing a second |ift
of brush to the design surface. The mat is held in
pl ace by anchor stakes or poles and further secured
to the slope by rope or binding products that are

| aced between the anchor poles. Erosion control
matting may be installed beneath the brush mat to
reduce erosion of slope soil, especially if this
soil is poorly conpacted or easily eroded.

Brush mats require large quantities of vegetation
and | abor for construction. |f an insufficient
supply of live cuttings is avail able, then dead
cuttings may be internm xed with the live cuttings in
approxi mately equal portions. Dead cuttings should
be flexible to allow construction and i nterweaving
with the live cuttings. The base of the mat at the
toe of the bank should be secured with rock or

| ongi t udi nal bi oengi neered structures to prevent
erosion or damage of the mat. The cuttings for the
mat may be placed in small trenches cut into the
face of the bank or pushed directly into the sl ope
wi t hout the excavation of trenches.
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[Live] [and] [dead] cuttings shall be generally straight, supple, 1.5 m
5 feet long, and shall have lateral branches still attached. The cut
ends of the cuttings shall be shaped to sharp tips for penetration into
the stream bank. The cuttings shall be placed in rows parallel to the
contours of the bank starting 1 m3 feet below the bank crest. The
rows shall be spaced every 600 nm 2 feet thereafter down slope to the
toe of the bank. Al rows shall extend the full length of the work

site.

The cut ends of the cuttings shall be pushed into the bank at the sane
contour elevation for each rowwith the growh tips toward the top of
the bank. The cuttings shall be oriented [normal] [at an angle of 15
degrees down streamfromnormal] to the bank toe. At least 15 cuttings
shal |l be placed per 300 mmliner foot in each row A light roller and
foot pressure shall be used to push the cuttings of subsequent rows
agai nst the bank over the cuttings of preceding rows to achieve a mat

t hi ckness of 100 mMm 4 inches. [Up to 15 percent of the cuttings shal
be placed parallel to the slope of the bank and interwoven with the
cuttings that are placed with the growth tips toward the top of the
bank. These parallel cuttings shall reinforce the brush mat. The
growth tips of the parallel cuttings shall be oriented down stream]
The process of placing and conpressing cuttings shall continue down

sl ope until the toe of the bank is reached. A row of cuttings shall be
pl ace along the toe of the bank regardl ess of spacing interval

The toe of the bank shall be protected by [l arge natural stones]
[[live] [dead] fascines] [coir logs] that overlie the base of the
cuttings of the row at the toe of the bank. [An erosion control mat
shall be installed on the prepared grade of the bank sl ope before the
pl acenent of the cuttings.] [The ends of the mat shall extend 1.2 m4
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feet over unprepared bank.]

[Live] [Dead] anchor stakes that are 50 nm 2 inches in dianeter shal

be driven through the mat and 600 nm 2 feet into the stream bank. The
tops of these stakes shall not extend nore than 300 mm 1-foot above the
top of the mat. The stakes shall be placed in rows parallel to the
bank contours starting at the crest of the bank with the stakes spaced
1 m3 feet apart. Subsequent down slope rows shall be spaced every 1 m
3 feet to the toe of the bank. A row of stakes shall be installed

al ong the toe of the bank regardl ess of spacing interval to anchor the
base of the mat. The top of each anchor stake shall be notched with a
13 mm 1/ 2-inch deep triangular cut that is normal to the |ength of the
stake and 25 mm 1 inch below the top of the mat when conpressed by foot
pressure adjacent to the stake.

The up stream and down stream ends of the mat shall be secured with
anchor stakes that shall be placed with a spacing interval equal to one
hal f the above specified spacing distance of stakes in the rows. The
one hal f distance spacing of stakes shall extend for 1 m3 feet towards
the center of the structure fromthe up stream and down stream ends of
the mat and shall extend fromthe base to the top of the mat at these
locations.

The mat shall be secured to the sl ope using binding ropes. The ropes
shal|l be | aced across the mat in a diagonal. A single length of rope
shall be secured to a stake in the row of stakes at the toe of the
bank. The rope shall be secured to each stake that is oriented
diagonally to this stake in a single direction fromthe toe of the bank
to the crest of the bank. Ropes that cross between stakes shall be
tied together. Ropes shall be secured parallel and normal to the sl ope
al ong the rows of stakes and to the stakes that lie in aline fromthe
crest to the toe of the bank. These ropes shall be tied together where
t hey neet between stakes. All ropes shall be secured to the stakes
with non raveling knots. No nore than 150 mm 6 inches of rope shal
remain at the ends of the rope lengths after they are installed.

[ Renmoved soil] [Select fill] shall be brushed into the mat to within 50
mm 2 inches of the top of the structure.

3.12.1.8 Clunp Planting

*%

*% *% *% *% *% *% *% *% *% *% *% *%

NOTE: Cunp planting requires the excavation
transport, and placenment of |ive vegetation wth
root wads and attached soil. This planting nmethod
is recomended for establishing vegetation on steep
banks of limted height and on the upper banks or
floodpl ains of a streamwhere the plants will not be
subjected to | ong periods of inundation by water and
wher e adequate noisture is available. Plantings
shoul d not be subjected to erosion, flooding, aninma
traffic or grazing, dry conditions, or high w nds
during the first several years after installation

M nor earthwork is recommended to reduce vertica
faces or renove undercut slopes fromthe bank to
limt the loss of plant clunps due to scour or
flooding. Sel ected woody vegetation should not grow
to large nmature trees, which could induce scour and
| oss of the bank due to obstruction of the stream
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flow or the rotation of the tree into the stream
channel and creation of a |large hole as the root wad
is pulled fromthe bank. Heavy equi prent may be
required if plant clunps or root wads are too |arge
to be easily nmoved by nanual efforts. The toe of the
stream bank should be protected fromerosion by the
pl acenent of large natural stone, erosion control
matting, or construction of |ongitudinal

bi oengi neered structures. Irrigation and fencing
may be required to ensure the survivability of the
plants.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

a. The stream bank shall be prepared for clunmp planting by excavating 600
nm 2 feet deep holes with floors that slope into the bank and that are
at least 150 mm 6 i nches |onger and w der than the sane di mensions of
the renoved clunps. The floors of these holes shall not be within 150
mm 6 i nches of the groundwater table. The excavations shall be [spaced
at 2 m6 feet and separated by 1 m3 feet of existing bank] [1 m 3 feet
in width, continuous, and separated by 1 m 3 feet of existing bank]
along the extent of the work site. Renoved soil shall be used as

backfill. Excess soil fromthe excavations shall be [renpbved fromthe
site] [thin spread on the upper bank |andward of the clunp plantings].
The exposed surface of the backfill shall be roughened and seeded [and

covered with erosion control products].

b. Suitable species for transplant shall be located in the vicinity of the

work site. Plant species shall not mature to heights greater than 4.5 m
15 feet or trunk dianeters exceeding 100 nm 4 inches. Cunps of

pl ants shall not exceed the width of the renmoval equipnent. [|f clunps
are renmoved by hand, these clunps shall not exceed 1 m3 feet in any
di mensi on. The clunps shall be renoved with existing soil and as many
shal l ow roots as possible to aid in growth and survival, and shall be
transported i mediately to the work site and pl aced.

c. Prior to placenent, the excavation shall be flooded with water to
noi sten the soil and aid in plant survival. The plant clunps shall be
pl aced with vegetation [standing vertically] [slightly inclined towards
the streanml and firmy pushed into the soil at the base of the

excavation to prevent rafting. At least [[3] [___ ]] [dead stakes]
[or] [live poles] shall be driven through each clunp to secure it to
t he bank. Biodegradable coir net with a mininmal life of 2 years shal

be placed on top of the soil of the clunp and shall extend 1 m 3 feet
onto the bank beyond the limts of the excavation

3.12.2 Transverse Structures

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Transverse structures consist of live
vegetation or a conbination of |ive vegetation and
hard naterial (dead vegetation, |ogs, rock, and
natural stone) that are constructed nornal to and
across small streamor river channels or narrow
gullies. These structures are recomended for
streans with low flow, internittent streans, or dry
gullies subject to flow after precipitation events.
The harder structures may be used in narrow channel s
t hat experience infrequent or seasonally torrenti al
flows.
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The transverse structures function as weirs and drop
structures, which reduce the velocity of stream
flow, bed degradation, and may result in the
transformati on of the channel profile to a stepped
profile due to the retention of sedinent and
debris. The reduction in flow velocity aids in
reduci ng bank erosion. In addition, these
structures may be placed at the toe and parallel to
the stream bank, thus directly inproving bank
stability and reduci ng undercutting and erosion
especially in areas wi th banks conposed of | ow
cohesive materials. Structures should be pl aced
with key trenches into the banks to inprove
stability and to prevent the by pass of the
structure due to lateral erosion of the bank

Advant ages of transverse structures are ease of
construction at renpote sites using locally avail able
materials and the establishnent of habitat with
time. A primary disadvantage of these structures is
that they may obstruct fish passage and nay reduce

t he conveyance of the channel resulting in |oca
flooding. Therefore, the structures should be
designed to allow fish passage and constructed of
suppl e vegetation that matures to m ni mal hei ght.
Sone transverse structures require significant
amounts of manual |abor and nay not be economical in
areas of limted vegetation supply. Periodic

mai nt enance may be required to renbve excessive
anmounts of trapped debris to prevent possible
flooding, fire dangers, build up of deconposing
plant material, or heath hazards caused by

habi tation of the debris by insects or vermn or
trappi ng of dead fish or animals. These structures
may be conbined with other forms of |ive and dead

bi oengi neered structures and hard structures such as
gabi ons, or riprap

St agnant water nmay becone present behind transverse
structures depending on site conditions. These
areas of stagnate water may becone breedi ng grounds
for nosquitoes or other insects and undesirable
aquatic plants and aninmals. The designer shal

i ncl ude adequate drainage features in the design to
renove water from behind the structure, such as open
channel s, drai nage pi pes, or passive subsurface
drains.

3.12. 2.1

Palisade

*%

*%

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: A live palisade is a weir conposed of live
pol es, which develops into a transverse zone of
vegetation that crosses the stream channel. These
structures may be installed rapidly, are easy to
construct, and provi de shade to the stream channe
as the vegetation matures. Palisades are best
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suited for snmall gullies or streans in | owlying
areas that are less than 10 m 30 feet wide and 4 m
12 feet deep. The streanbed shoul d consist of |oose
sand, silt, or soft clay to allow easy installation
of the poles used in the construction of the
pal i sade. A steel rod nay be required to instal
pilot holes for the driving of the poles in nedium
to hard clay, dense sand, sand with fine gravel, and
nmedi um dense silt. Palisades may be installed in
coarse alluvial streans if placed in a trench
excavated in the streanbed. These structures in
coarse alluvial systens should be viewed as
tenporary and expendabl e since they nmay be danaged
by bed | oad and Il arge debris transported during
periods of high flow

A palisade may be constructed entirely of dead poles
if the project objective is the tenporary
stabilization of the stream channel. These
structures will not becone reinforced with tine by
root structures and will deteriorate. However,
dependi ng on the site conditions, these structures
may be adequate for the retention of sedinent on
whi ch native grasses and vegetati on may take root,
thus resulting in the evolution of the dead
structure to a live transverse brush sill. Dead
pal i sades may be used in coarse alluvial streans
since the establishnent of a vegetated structure is
not expected and may not be desired.

The live or dead pol es should be driven a m ni nrum of
600 mMm 2 feet into the streanbed for poles under 1.5
m5 feet in length. Poles over 1.5 m5 feet in

l ength should be driven a minimumof 1 m3 feet into
the streanbed. The poles should be harvested from

| ocal vegetation and should be a m ni rum of 38 nm
1.5 inches in dianeter. The bottons of the poles
shoul d be formed to sharp points to aid in the
driving of the poles into the streanbed.

The strength of the palisade may be increase by
attaching a cross beamto the structure. A cross
beam is recomended for palisades with w dely spaced
or thin poles and that have a height greater than
one-foot above the streanbed. The cross beans
shoul d be at the sane height and inclination on both
sides of the palisade. The beans are attached to
the palisade with binders conposed of untreated coir
or henp rope that is capable of withstanding severa
years of exposure. The binder nust be | ooped and
tied around the cross beans and the adjacent poles
in a nmanner that tightly secures the nmenbers
together. The binders should not unravel if a
portion of the binder or structure is lost or
damaged. Cross beans may be conposed of untreated
di nensi onal |unber or straight poles of sinilar

di aneter as the palisade poles.

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkhhhhkkkkkkkkkkkkhkhhhhkkx
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a. Live poles shall be 1 m3 feet long, 38 to 100 nm 1.5 to 4 inches in
di aneter, and the bottom ends of the poles shall be cut to formsharp
drive points. The poles shall be driven vertically into the streanbed
to a mninumdepth of 600 mMmm 2 feet and shall be placed across the
channel in a [straight row] [row that is deflected down stream by 15
degrees] ['V -shaped row pointing down streamw th the apex at the
center of the channel]. Poles shall have a spacing of no | ess than 50
nmm 2 inches but not greater than 150 mm 6 inches. [The center poles of
the structure shall extend a maxi mum of [300] [600] mm[1] [2]-foot
above the existing grade of the streanbed.] [The center poles shall be
dead poles placed for a distance of 1 m3 feet about the centerline of
the structure.] [The central span of the structure shall be conposed
of large natural stone keyed 600 nm2 feet into the streanbed with a
top elevation 300 mrm 1 foot above the existing streanbed. The stone
shall extend 600 mm 2 feet on each side of the centerline of the
structure and shall be tightly butted with [live] [dead] poles of the
pal i sade structure.] [The tops of the poles shall increase in height
outward fromthe center of the structure by no nore than 15 nmm 0. 05-f oot
for each adjacent pole to forma notch at the center of the
structure.] [The tops of the poles shall be at the sanme el evation.]
The ends of the structure shall be placed in key trenches that extend 1
m 3 feet into the stream bank.

b. Cross beam nenbers of untreated [straight 25 by 100 mm 1 by 4 inch
di mensi onal lunber] [long straight poles at |east 50 nm 2 inches in
di ameter] shall be attached to the palisade with binding products,
whi ch shall be wapped at |east two tinmes around the cross beam and
adj acent pole. Binding products shall be installed to prevent raveling
of the binder in the event of the loss of a portion of the binder or
structure. The cross beam nenbers shall be [horizontal] [inclined] and
at the sane el evation on each side of the palisade and shall extend the
entire width of the structure. The beans shall be 600 nm 2 feet
greater in length than the structure and the ends of the beans shall be
pl aced in key trenches in the bank. Key trenches shall be excavated to
the depth and wi dth necessary for the placenent of the ends of the
cross beans and shall be backfilled with soil renoved by excavation

c. The sediment in the streanbed shall be conpacted around each pol e using
a tanping bar. [The sedinent removed fromthe streanbed for the
installation of the poles shall be placed as conpacted backfill around
the poles.] Dead cuttings and excess live cuttings shall be placed in
a criss-cross pattern on the up stream and down stream sides of the
structure for a distance of 600 mm 2 feet and shall be tightly packed
agai nst the stream bank at the ends of the structure to a thickness of
150 mm 0.5-foot for 600 mm 2 feet beyond the linits of backfill exposed
at the key trenches.

3.12.2.2 Brush [and Stone] Sil
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NOTE: Brush sills are transverse structures sinilar
to palisades, but conmposed of live or dead

cuttings. These structures reduce stream channe
degradation, are easy to construct, and may be
conbined with natural stone to inprove performance.
Sel ected vegetati on should mature to | ow hei ght,
remai n supple with time, and be capabl e of good root
mat devel opnment. Live or dead cuttings may be used
for the structure and the cuttings nay retain small
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branches and do not need to be straight. Sills may
al so be placed along the toes of stream banks
separately or adjacent to the transverse brush
sills. Sills do not trap |arge amounts of sedi ment
or debris since the vegetation used in construction
i s pushed agai nst the stream channel during high

fl ow events and does not form an obstruction to
flow Therefore, these structures are suitable for
channel s where ninimal changes to the streamprofile
are desired. Sills nmay be constructed in nost types
of alluvial material and will function in coarse

alluvial streans. Backfill and the buried portions
of cuttings should be wapped in several |ayers of
coir mat if the sill is constructed in a stream

channel subject to infrequent torrential flows. The
wi dt h of the construction trench may be increased up
stream of the vegetation and filled with | arge
natural stone to reduce danage to the structure by
bed load in high flow channels. Live stakes may be
pl ant ed between the joints of the stone.
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A 600 nm 2 feet deep trench shall be excavated nornal to and across the
entire width of the streamchannel. Live cuttings shall be placed in a
criss cross manner with 20 cuttings per 1 neter 3 linear feet of trench on
the down stream face of the trench. [Cuttings shall be placed in the sane
pattern and concentration as in the trench for the sill on the stream side
faces of trenches excavated at the toes of the banks for a distance of 4.5
meters 15 feet up stream and down stream of the ends of the sil

structure]. The cut ends of the cuttings shall be pushed into the bottom
of the trench to [refusal] [150 nm 6 inches] and the growth tips shal
extend 600 mm 2 feet above the top of the existing streanbed. Large
natural stone shall be placed on top of the cut ends of the cuttings [to
the top of the existing streanbed to fill the entire trench] and shall be
tanped into the streanbed to secure the stones in place. Renpved sedi nent
shal |l be placed in the voids between the natural stone [and shall be placed
over the |lower stone work to fill the entire trench]. Excess sedi nent
shall be thin spread up streamof the structure. Large natural stone shal
be placed at the ends of the structure against the bank [and at the
upstream and down stream ends of the trenches excavated parallel to the
banks]. [Live stakes] [and] [dead cuttings] up to 600 mMm 2 feet in length
shall be driven into the [sedi nent backfill on 150 mm 6 inch centers]

[ between the joints in the natural stone] across the entire width of the
trench and 1 m3 feet up each bank fromthe toe of the bank. Sills shal
be spaced [15 m 50 feet apart] [as shown on the draw ngs].

3.12.2. 3 Wattl e fence sil

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Wattle fence sills are reconmended for narrow
and slow flowi ng streans, small gullies,

agricultural drainage ditches, or open channe
drains. These sills are best suited for streans or
drai nage systenms with coarse-grai ned bed | oad, which
will be trapped by the weaves of the fence. The
sills may not trap fine-grained sediment or reduce
erosion in fine-grained alluvial streans since the
fine sedi nent nay pass through the structure. These
fence structures may be constructed of live or dead
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vegetation. The use of live poles and cuttings
should result in the establishnent of a row of
vegetation across the stream channel with tine.
Cross beans are reconmended for structures over two
feet in height. These sills may be conbined with
brush sills and brush |ayer structures.

*%

*% *% *% *% *% *% *% *% *% *% *% *%

A trench 600 nm 2 feet deep and 300 mm 1 foot w de shall be excavated
normal to and extend across the entire width of the stream channel
[Live] [Dead] poles shall be 1 m3 feet long with a m ni rum and nmaxi num
nom nal dianeters of 38 and 100 mm 1.5 and 4 inches, respectively. The
bottom ends of the poles shall be cut to formsharp drive points. The
pol es shall be driven vertically into the streanbed to a m ni mum dept h
of 600 nm 2 feet and shall be placed across the channel in a [straight
row] ['V -shaped row pointing down streamwith the apex at the center
of the channel with the poles] at a spacing of 600 nm2 feet. The
pol es shall extend a maxi mum of [300] [600] nm[1] [2]-foot above the
exi sting grade of the streanbed. [The center poles shall be dead poles
pl aced for a distance of 1 m3 feet about the centerline of the
structure.]

The wattle fence shall extend fromthe bottomof the trench to the tops
of the poles. The top of the fence shall be [at the sane el evation]
[sloped to the center of the channel]. The fence shall be constructed
of flexible [live] [and] [dead] cuttings that are 2 nmeters 6 feet in
length and from19 to 38 mMm 3/4 to 1.5 inches in dianeter. The
cuttings shall be [laced horizontally between the poles in an
alternating woven pattern with the cuttings being placed on the up
stream and down stream sides of adjacent poles across the structure
starting fromthe steam bank] [placed on the up stream side of the
pol es and shall be tightly packed and interwoven to forma braided
vertical structure]. The ends of the cuttings shall overlap 300 nm
1-foot with adjacent cuttings. The cuttings of the fence shall be
secured to the poles with binding products. The binders shall be
installed to prevent raveling of the binders in the event of the | oss
of a portion of the binders or structure.

[ Sedi nent renoved fromthe trench shall be placed in the excavation as
conpacted backfill around the poles and | ower fence.] [Live stakes
shal | be placed at 300 mm 1-foot spacings in the backfill.] [Large
natural stone shall be placed at the bottomof the trench along the up
stream and down streamtoes of the fence [and shall extend to the top
of the existing streanbed]. [The stones shall be tanped into place and
sedi ment shall be used to fill voids between the stones.] [Live stakes
shall be placed in the joints between the stones.]] Excess sedi nent
shall be thin spread up streamof the structure.

[ Cross beam nenbers of untreated [straight 25 by 100 mm 1 by 4 inch

di mensi onal lunber] [long straight poles at |east 50 nm 2 inches in

di ameter] shall be placed on the down stream side of the poles and
overlie the fence on the up streamside of the structure. The beans
shal |l be attached to the structure with binding products w apped at

| east two tinmes around the cross beam and adjacent pole and | aced
through the wattle fence cuttings.] [The cross beans shall be

hori zontal and at the same el evati on on each side of the structure and
shall extend the entire width of the structure.] Both ends of the
structure [shall extend into a key trench that is excavated 600 nm 2
feet in the banks] [extend to the existing stream banks and be covered
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on both sides with large natural stone placed fromthe channel bottom

to the top of the structure. The stone shall rest on the stream bank

be at least 600 nm2 feet thick, and extend 1.5 m5 feet away fromthe
structure in the up stream and down streamdirections.]

3.12.2. 4 Vegetated Crib Vall or Wod sil
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NOTE: A vegetated crib wall consists of a hollow
box-1ike structure of tinber or logs filled with
earth and live cuttings. A wood sill is a vertica
open wall conposed of tinmber or logs that forms the
front header, which is not tied to a simlar
structure, or rear header, up streamby stretchers
as is the case with the crib wall. The crib wall is
nore stable than the wood sill. These structures
may |ast 20 to 30 years dependi ng on the type of

ti mber used, are quick to construct, and may use
locally available materials. The live cuttings take
over the function of the crib wall as the cuttings
grow and mature and the tinber decays. These
structures should not exceed 1.5 m5 feet in height
and are well suited for gullies with fine-grained
sedi ment bed | oad and narrow streans |less than 4.5 m
15 feet wide with steep gradients.

Crib walls or wood sills nmay be conbined with brush
sills, brush mats, or large natural stone on the up
stream or down stream sides of the structure to
reduce erosion. Stability of the structure nmay be
i mproved using a double crib design conposed of
front and back rails. Backfill should be free
draining material with [ess than 10 percent fines.
However, if such backfill material is not readily
avai | abl e, renoved sedi nent may be pl aced as
conpact ed backfill. Tinber used for the crib wal
may be untreated manufactured 100 nm 4-inch square
posts, locally harvested vegetation with trunk

di ameters greater than 100 mm 4-inch, or a

conbi nation of these materials. Treated |unber will
not be used.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

a. A trench shall be excavated that is 1.5 m5 feet wide and 600 mm 2 feet
deep and extends nornal to and across the entire width of the stream
channel . The floor of the trench shall be sloped at 15 degrees up
stream and shall be [nmanual |y conpacted using a tanping bar wei ghing at
| east 18 kg 40 pounds] [conpacted using a small notorized tanping
machi ne] until the bottomof the trench is dense and provides a solid
base for the crib wall [wood sill]. The floor of the trench shall be
[as shown in the drawi ngs] [of uniform grade across the trench w dth].
Depressions in the trench floor shall be filled with conpacted materi al
to raise these areas to grade and positive areas above the floor design
el evation shall be reduced to grade. The trench shall be keyed into
the stream banks for a distance of 1 m3 feet. Material renoved from
the key trenches shall be used as conpacted backfill in the key
trenches. Sedinment renoved fromthe trench in the stream channel shal
be [renoved fromsite and replaced with select fill] [used as comnpacted
backfill].
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The [crib wall] [wood sill] shall be framed with [untreated, straight
100 mm 4-inch square by 2.5 m8 feet |ong posts] [100 to 150 mMm4 to 6
inch dianmeter by 2.5 m8 feet |long straight |ogs harvested fromloca
sources. The logs shall be cut normal to the trunks with all branches
stripped fromthe trucks]. The down stream header shall be pl aced
[parallel to the bottomof the trench and extend the full wi dth of the
trench] [along the alignment shown in the drawings]. [The up stream
header shall be placed parallel and 1.5 m5 feet up stream of the down
stream header.] Splices between nmenbers shall be placed end-to-end and
inline. Wod posts that are at |least 100 mrm 4 inches in dianeter

shal |l be driven vertically 150 m 6 inches fromthe splices on the up
stream and down stream sides of the headers. Wod post shall be driven
on both sides of the headers at the midpoints between the splices. The
nmenbers at the ends of the structure shall be firmy placed against the
faces of the key trenches. Wod posts shall be driven on both sides of
the headers at the toes of the banks and the toes of the key trenches.

Stretchers [for wood sills shall be 1.2 m4 feet] [for live crib walls
shall be 2 m6 feet] in length. Stretcher shall be placed between the
vertical splice poles and nornal to the down stream header. The
stretchers shall be spaced every 1.2 m4 feet between the pol es and
have a m ni nrum of 100 mm 4 i nches extendi ng down stream of the header
face. The rear butt of the stretcher shall be placed [firmy against
the upstream face of the trench] [on top of the up stream header]. The
stretcher shall be attached to the header(s) w th binding products
wrapped three tines around the stretcher and header in a criss cross
pattern and secured with a non-raveling knot. A 13 nm 1/2-inch

di ameter hole shall be drilled vertically through the stretcher and
header. A 16 mmdianeter by 300 nm5/8 inch dianeter by 12 inch |ong
[ non-gal vani zed steel spike] [steel rebar] [hard wood dowel] shall be
driven into the hole and set flush to the top of the stretcher

The open area between the down stream header and the upstream[trench
face] [header and the portion of the trench upstream of the upstream
header] shall be backfilled with conpacted [sedinent renoved fromthe
trench excavation] [select fill] to an elevation that is at the mddle
of the stretchers. Live cuttings that are 19 to 38 mMm3/4 to 1.5 inch
in diameter and 2.4 m8 feet long shall be placed in a criss cross
manner on top of the conpacted backfill with the cut ends pushed into
the up streamface of the trench. At least 600 nm2 feet of growth
tips of the cuttings shall extend beyond the face of the down stream

header. Backfill shall be placed and lightly conpacted on top of the
cuttings to the top of the stretchers. Additional lifts of headers,
stretchers, backfill, and cuttings shall be placed until only the fina

lift remains. The centerlines of the down stream headers shall be
of fset 50 mm 2 i nches upstream of the | ower headers to provide an
incline to the down stream face of the structure

The top down stream header shall be 100 mm 4 inches larger in dianeter
than the headers used for wall construction to reduce sediment |oss due
to scour. The vertical poles on both sides of the headers shall be cut
flush with the top of the final down stream header [and the top rear
header]. A header shall be placed at the m dpoint between the top down
stream and up stream headers and secured wi th binders and [spi kes]
[rebar] [dowels] to the underlying stretchers. The [ift of backfil

i mredi ately bel ow the conpletion headers shall be filled with a tightly
packed brush mat conposed of live [and dead] cuttings that are placed
in an alternating pattern perpendicular and parallel to the wall. Each
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| ayer of cuttings shall be 100 nm 4 inches thick and shall be covered
with a thin layer of lightly conpacted backfill. [Rounded clean
natural stone from 200 to 300 M 8 to 12 inches in dianeter]

[ Excavat ed sedi nent] shall be placed fromthe top of the packed brush
to the top of the down stream header and shall be graded up streamto
mat ch the exi sting slope of the stream channel up gradi ent of the work
site. [Live stakes shall be driven vertically on 600 nm2 feet centers
into the backfill at the top of the structure.] [Large natural stone
armor 600 mm 2 feet thick shall be placed at the ends of the structure
and on the slopes of the banks for a distance of 2 m6 feet upstream
and down streamfromthe structure. Live stakes shall be planted in
the joints between the stones.] The trench down stream of the
structure shall be filled with [large natural stone] [a brush [and
stone] sill] [a brush nmat].

3.12.2.5 \Vegetated Dry Stone Barriers

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Vegetated dry stone barriers are constructed
of large natural stone with interlayered live
cuttings. These structures may be built to heights
of 4.5 m15 feet and serve as weirs or drop
structures in high gradient streans with torrential
fl ows and heavy coarse bed |oad. Stone barriers may
al so be constructed to slightly above the existing
el evation of the stream channel to prevent bed
degradation. The |argest stones that nay be noved
by manual efforts should be used. Construction of
barriers adjacent to existing |arge boul ders may
reduce the ampbunt of work required.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

A trench that is 1.2 m4 feet wide and 1 m3 feet deep shall be excavated
normal to and across the entire width of the stream channel and shall be
keyed 1 m3 feet into the stream banks. The bottomof the trench shall be
sl oped at 15 percent in the up streamdirection and shall be conpacted
usi ng a manual tanping bar weighing at | east 18 kg 40 pounds. Large stone
of similar size shall be placed on the entire floor of the trench with a

m ni mum of voi ds between the stones. The stones shall be covered by [fine
sedi nent] [select fill] that shall be worked into the voids between the
stones until only the tops of the stones are visible. Live cuttings that
are 2 m6 feet long and up to 38 mMmm 1.5 inches in dianeter shall be placed
on top of the stones in a criss cross pattern with the butts of the
cuttings in contact with the up streamface of the trench. The growth tips
of the cuttings shall be oriented down stream and shall extend 0.5 m1.5
feet beyond the farthest down stream placed stones. Addition lifts of
stone, fill, and cuttings shall be placed on the lower lifts until the
design height of the structure is reached. The stones of each successive
lift shall be placed to interlock with the tops of the stones of the |ower
lift. Live cuttings at the top of the structure shall be placed in between
the stones and inclined slightly down stream [Live stakes that are 600 nm
2 feet long shall be driven between the joints of the stones at the top of
the structure on 600 nm 2 feet centers and for a distance of 1 m3 feet up
the stream banks.] The top stones shall be covered with a 100 nm 4 inch
thick layer of [fine sedinent] [select fill].

3.12.2.6 Brush Work or Brush Packing

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: Brush work or brush packing uses |live and
dead cuttings to fill a section of a gully or stream
channel to reduce erosion of stream banks. These
structures provide erosion protection to the channe
by covering the channel with a mat of brush and are
reconmended for intermttent streams with
fine-grained sediment. Brush works refers to brush
mats pl aced across the stream channel with growth
ti ps pointing up stream and which extend up the

st ream banks. Construction of brush work starts at
the upstreamlinmt of the work site and progresses
down streamwi th each new | ayer of cuttings
overlying the inmmedi ately up stream | ayer of
cuttings. Brush packing refers to thickly packed

| ayers of brush placed with the growth tips inclined
slightly down streamthat fill a gully or smal
stream channel. Brush packing starts at the down
streamlimt of the work site and progresses
upstreamwi th each new | ayer of cuttings overlying
the i mediately down stream | ayer of cuttings. Bank
stability is inproved as the vegetation grows and
devel ops root systems in the | ower bank. The
cuttings may be anchored in the channel by cross

| ogs secured to vertical poles driven into the
streambed.

kkkkkkkkkkkkkkkkkkkkkkhhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhhkhkkkkkkx

[Brush work construction shall start at the upstreamend of the work
site and progress down streamw th each down stream | ayer of cuttings
overlying the layer of cuttings inmmediately upstream] [Brush packing
construction shall start at the down streamend of the work site and
progress upstream w th each upstream | ayer of cuttings overlying the

| ayer of cuttings imediately down stream ]

Trenches that are 300 nm 1-foot deep shall be excavated nornmal to and
across the entire streamchannel [and shall extend 1.5 mb5 feet up the
stream banks]. Trenches shall be spaced 1.5 m5 feet apart. Live
cuttings that are 2 m6 feet in length shall be placed in the trench in
a herringbone pattern at an angle of 30 degrees fromthe centerline of
the channel with the growh tips pointing [upstrean] [inclined down
stream at an angle of 45 degrees fromvertical]. The cuttings shal
[not] extend up the stream banks. The cut ends of the cuttings shal
be pushed firmy into the streanbed. [Renopved sedinment] [Select fill]
shal |l be placed and conpacted over the cut ends of the cuttings to the
el evation of the existing channel. This procedure shall be repeated
for the specified length of channel at the work site.

Cross |l ogs shall be placed normal to the channel and on top of the
cuttings every 1 neter 3 feet. The logs shall be 100 mnm 4 inches in
di ameter and shall extend the full width of the channel. [Cross |ogs
shall be placed parallel to the slope of the bank on top of the brush
[work] [pack] layers that extend up the stream banks. The ends of the
cross logs at the toes of the banks shall be shaped to sharp tips and
the I ogs shall be driven 500 mm 1.5 feet into the streanbed at the
angl e of the slope of the stream bank.] [Live] [Dead] poles shall be
driven vertically into the streanbed on the down stream sides of the
cross logs. The poles shall be spaced at 600 nm 2 feet intervals and
the tops of the poles shall not be greater than 150 mm 6 i nches above
the tops the cross logs. Poles shall be driven at the toes of the
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stream banks regardl ess of spacing interval. The poles and cross |ogs
shall be tied together using binders that shall be wapped around the
I ogs and poles in a nmanner that shall prevent raveling.

3.12.2. 7 Li ve Fascine Sil

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Live fascine sills are nore resilient and

| ess prone to damage by scour than brush sills.
However, heavy coarse bed | oad and | arge woody
debris transported during high flow events may
damage the fascines. Fascine sills may be used to
formlow drop structures to prevent streanbed
degradation in narrow streans with | ow fl ow
velocities and mnimal coarse bed load. Sills nmay
be conbi ned wi th ot her bioengi neering methods for
channel stabilization of high gradient or torrential
flow streans. Fascines have the advantage of being
flexible and therefore may be placed to conformto
the existing profiles of the stream channel and may
be easily extended up the banks of the channel. The
di ameter and strength of the fascine may be

i ncreased by addi ng dead branches and gravel or
cobbles to the fascine. Fascines should be placed
in trenches that are normal to the stream channe
and that are at least 50 to 75 percent the dianeter
of the fascine in depth. Live fascines may be

pl aced on top of one another to formstep sills.
Step sills are constructed by placing a down stream
fascine in a trench and positioning a fascine
directly up stream of the down stream fascine. The
up stream fascine should rest on the upper one
quarter of the exposed down stream fascine.
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Each Fascine shall be 300 nmm 12 inches in diameter and 3 m 10 feet in

| ength and shall be constructed of live cuttings that are from19 to 38 nm
3/4 to 1.5 inches in dianeter. Up to 35 percent dead branches [and 15
percent rounded gravel or cobbles] shall be interwoven with the live
cuttings. A 200 nm 8-inch deep by 0.5 m1.5 feet wide trench shall be
excavated nornmal to and across the entire width of the stream channel [and
at least 1.5 mb5 feet up the faces of the stream banks]. The fascine shal
be placed in the trench. The junction between fascine bundles in the sane
trench shall be [offset side-by-side] [interwoven] for a distance of 300 nm
1-foot. The fascine shall be anchored in the trench with 700 nm 2.5 feet
long [live] [dead] stakes that are at least 50 nm 2 inches [in dianeter]
[square] at the top and tapered fromthe top to the base. The stakes shal
be driven vertically through the fascine until flush with the top of the
bundl e starting 300 nm 1-foot fromthe end of the fascine and spaced every
1 neter 3 feet thereafter. A terminal stake shall be driven 300 nm one-f oot
fromthe end of the fascine regardl ess of spacing interval. [Live] [Dead]
stakes shall be driven at a 45-degree angle on the down stream side of the
fasci ne but shall not penetrate the bundle. The fascine shall be secured
to the stakes with binders that shall be wapped around the fascine and
secured to the stakes. The binders shall be tied to prevent ravel in the
event of damage. Renoved sedinent shall be used as backfill and placed and
conmpacted on the up stream and down stream si des of the fascine and shal

be brushed into the fascine structure until only the top of the fascine is
visible. Fascine sills shall be [spaced 8 m 25 feet apart starting from
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the down streamend of the work site] [placed at the | ocations shown on the
drawings].

3.12.2.8 Vegetated Defl ector

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Vegetated deflectors are traditional hard
structures conmposed of rock (groins, dikes, spurs)
or tinmber (log or pile revetnments) that incorporate
live vegetation and which provide excell ent

| ong-term bank protection with the added benefits of
shade and habitat enhancenent. These structures
protect the banks of |large streans and rivers, which
are subjected to high velocity flows, by deflecting
the energy of the current away fromthe banks. The
i ncorporated vegetation inproves the strength of the
structure and the quality of habitat over tinme. A
key conponent for the establishnent of vegetation on
these structures is the retention of fine-grained
materi al and the exposure of the hardened structure
above the nmean water |evel of the streamor river.
Only vegetation that matures to trees or brush of
less than 2 m6 feet in height and which renmins
flexible should be used. Species that may mature to
tall tress with extensive root systens may not be
used, since these trees may damage the hard

structures.

For existing structures, fine-grained material nay
be placed in open voids and live posts driven into
these voids in the structure. For new construction,
the interior of the structure may be conposed of
fine-grained material capable of supporting root
growth. This core should be covered with rock of
suitable size to resist transport by the stream or
river. The cover arnor nust be anchored al ong the
perimeter of the structure in a key trench bel ow t he
scour depth of the high flow events. Additiona
stability of the arnmor may be gained by inserting
dead stakes between stones in areas bel ow t he nean
water level. Live poles may be driven into the
joints of the arnor above the mean water |evel

Retention of fine-grained material in the core of
the structure may be inproved by placing this
material in untreated sand bags conposed of natura
fibers. The lifetine of the sand bags shoul d be
sufficient to prevent the |loss of fines until the
roots of the live poles lock this naterial in

pl ace. The surface of the sand bag core nay be
covered with a coir erosion mat prior to the

pl acenent of arnor. To reduce the nunber of sand
bags, the core may be constructed of conpacted
material overlain by a three-bag thick | ayer of sand
bags, which is in turn overlain by the stone arnor.
A layer of well-graded fine gravel and coarse sand
may be placed beneath the stone arnor to forma
filter layer and thus further reduce the |oss of
fines fromthe core. Oher deflector alternatives
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i nclude the use of |ogs or wood structures as cores
surrounded by fine-grained material with exterior
stone armor. These structures may be used to assi st
in trapping sedi nent behind rock groins or dikes to
in fill large scour areas in a streamor river banks.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

Excavate a trench [4.5 m 15 feet wide, 1 m3 feet in depth bel ow the

| owest el evation of expected scour, that extends fromthe toe of the
hi gh bank to 3 m10 feet into the stream bel ow the nean | ow water

el evation. The trench shall be [keyed 1.5 m5 feet into the bank.] [as
shown on the drawi ngs]. [Live cuttings shall be placed against the
face of the trench fromthe nean water level to the high bank. These
cuttings shall extend at |east 450 nm 1.5 feet above grade and the cut
ends of the cuttings shall be firmly pushed into the bottom of the
trench and covered with a thin |layer of [sedinent] [select fill]].
[Natural stone] [Quarry rock] at least 1 m3 feet in the mninal

di mensi on shall be placed agai nst the outer perinmeter face of the
trench and maintain as nmuch contact with adjacent stones as possible.

[ The [stone] [rock] shall be placed to a height of 600 mm 2 feet above
the high nean water |level of the strean]. The outer face of the
[stone] [rock] shall slope at [2H 1V] while the face towards the center
of the trench shall be at the angle of repose. [Sedinment renoved from
the trench] [Select fill] shall be brushed into the voids between the
[stones] [rocks] until the soil is even with the tops of the [stones]
[rocks]. Live cuttings shall be placed on top of the outer [stones]
[rocks] with the cut ends of the cuttings firmy pushed into the bottom
of the inside trench. The ends of the cuttings shall be covered with
a thin layer of sedinent that shall be overlain by [backfill]

[ sandbags]. [Live poles shall be driven between the [stones] [rocks]
to a depth of at least 1.2 m4 feet.] The core of the structure lying
i nside the larger outer [stones] [rocks] shall be filled with [renoved
sedinment] [select fill] [in untreated bi odegradabl e sand bags that are
pl aced tightly end to end and in vertical overlapping pattern]

[ conpact ed cohesive sedinment renoved fromthe trench separated fromthe
outer [stones] [rocks] by a 600 mm 2 feet thick |ayer of select fill
contai ned in untreated bi odegradabl e sand bags].

Successive lifts of arnor [stone] [rock] shall be placed on top of the
conpleted lifts to the design slopes and grades of the structure. Live
cuttings shall be placed on the top of each Iift. The core of the
structure shall be raised concurrently with the lifts of arnor

material. The final Iift shall consist of interlocked [stone] [rock]
that extends across the entire top of the structure. [Renoved
sedinment][Select fill] shall be brushed into the voids between the
[stones] rocks]. Live stakes shall be planted in the joints between
the [stones] [rocks] with a spacing of 1 m3 feet. The top of the rock
structure shall be 300 mm 1 foot above the top of the origina

el evation of the high bank

3.12. 2.9 Li ve Brush Sil

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Live brush sills are structures conposed of
live vegetation that extend perpendicular fromthe
toe of the bank into the stream channel. These
structures may extend landward to the high bank
The sills trap sedi ment and debris, reduce scour
and are useful in establishing vegetation on point
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bars of barren flat expanses of |ow bank. These
structures are inexpensive, easy to construct, and
may reduce the ampunt of rock or stone arnor

requi red for bank protection. The devel opment of
root systens and the grow h of vegetation inprove
bank stability and develop riparian habitat. Dead
cuttings may be used in these structures to inprove
their resistance to erosion and damage due to
currents or debris. Sills conposed entirely of dead
cutting may be placed bel ow t he nmean hi gh water

el evation separately or between harden transverse
structures. These dead brush sills trap debris,
sedi nent, and result in bank aggradation. Live
sills, or other live bioengineered structures, my
be placed on the new bank created by the dead sills
at a future date to pronote inproved stability and
habi tat devel opnent.

*% *%

*% *% *% *% *% *% *% *% *% *% *%%

A 600 nm 2 feet deep trench with a 'V shaped cross section shall be

excavat ed norma

to the toe of the stream bank from [the mean high water

level] for a distance of [3 m10 feet into the streamchannel [fromthe
mean high water level]] [and] [6 m 20 feet |andward of the toe

bank. ]

Li ve cuttings shal

of the

[to the edge of existing vegetation] [as shown on the draw ngs].

2 feet above the top of the existing grade. At least 20 cutti
pl aced per 300 nmlinear foot of trench and all cuttings shal

t he down stream side of the trench
di anet er shal
of the cuttings and shal

be placed in the trench with the cut ends pushed firmy
into the bottomof the trench with the growh tips extending at

| east 600 mm
ngs shall be
rest agai nst

Large stone up to 150 mMmm 6 inches in
be placed on the bottomof the trench against the cut ends
be covered with | oosely conpacted [sedi nent]

[soil] [select fill] to the existing surface. [Excess material renoved

fromthe trench that is to remain on site shall be mounded around the base

of the sill at the surface.] Sills shall be spaced 1.5 m5 feet apart.
3.12.2.10 Brush Transverse

*kkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhhhkhkkkkkkkkkk

NOTE: Brush transverses are stone structures
augnented with [ive or dead brush cuttings that are
easy to construct and inexpensive. These structures
are useful in deflecting high velocity flows away
from stream banks to prevent scour and erosion and
may be used to aid in the repair of scoured or
failing areas of stream banks. The |ive vegetation
wi |l devel op root systens that shall strengthen the
structure and provi de shade and habit. The stone
structure defl ects and di ssi pates the stream
velocity away for the bank thereby creating areas of
still water down stream of the structures in which
sedi mrent may be deposited. The brush cuttings

assi st in sedinent trapping during periods of high
flow This vegetation matures with time and will
eventual ly conpletely cover the scour area. Brush
transverses may be combined with brush grids to
repair areas of bank scour in high flowi ng rivers.

Brush transverse structures are not suitable for use
in streans with torrential flows and heavy clastic
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bed load. Installation trench depth and wi dth nust
be based on hydraulic anal yses of streamvelocities
and bed | oad transport. The structure nay be norna
to the stream bank or inclined at an acute angle to
the stream bank in the down streamdirection. The
use of subrounded | arge natural stone fromthe

i medi ate area of work is preferred for
construction. If such material is inlimted
supply, then the available natural stone may be used
as cover stone and the core of the structure may be
constructed of angular to subangular quarry rock

In areas that |ack natural stone, |ocal durable
quarry rock nay be used for the entire structure.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

a. A trench 600 nm2 feet deep by 1.5 m5 feet wi de shall be excavated
from[the face of the high bank] [edge of the streambank] to [3 m 10
feet beyond the | ow nean water elevation of the strean] [the new bank
al i gnnment as shown on the drawings]. [The trench shall be keyed into
the stream bank for a distance of 1 m3 feet.] The base of the trench
shall be firmy conpacted. Live [and] [dead] cuttings that are at | east

1.5 m5 feet in length and that have side branches attached shall be
pl aced on the down stream side of the trench. The cuttings shall be
placed with a concentration of at |east 20 cuttings per 300 nm i near
foot of trench to forma layer with a thickness of 100 mm 4 inches.
The cut ends of the cuttings shall be pushed firnmy into the streanbed
with a mninumof 1 m3 feet of the growh tips extendi ng above grade
and inclined in the down streamdirection. The cut ends of the
cuttings shall be covered with a 75 nm 3 inch | ayer of noderately
conpacted [fine-grained sedinent] [select fill] that shall extend from
surface grade to the base of the trench at the angle of repose.

b. Durable [large natural stone] [quarry rock] that is 450 nm 1.5 feet in
m ni mal di nension shall be placed along the up stream side of the
trench, against the fill covering the cut ends of the cuttings, and
completely fill the key trench. [Natural stone] [Quarry rock] ranging
from150 to 450 nm 0.5 to 1.5 feet in mninmal dianeter shall be placed
to cover the floor of the trench and firmly tanped into place to
provide the greatest contact wi th adjacent [stones] [rocks]. [Fine
sedinment] [Select fill] shall be [brushed] [washed] into the voids
between the [stones] [rocks] until only the tops of the [stones]
[rocks] renmain exposed. Successive |ayers of [stone] [rock] shall be
placed on lower lifts in a pattern that all ows the greatest anount of
i nterlocking of [stones] [rocks] and the voids between the [stones]
[rocks] shall be filled with [fine sedinent] [select fill] to the top
of the structure. The end of the structure that projects into the
stream shall be constructed of [large stone] [rock] that is 1 m 3 feet
in mniml dinension for a distance of 2 m6 feet. [Excess sedinment
renoved fromthe trench shall be placed along the up stream and down
streamtoes of the structure.] The farthest up stream structure in the
work area shall be placed at an angle of 30 degrees to the direction of
streamflow to deflect the current towards the center of the channel
Subsequent down stream structures shall be constructed at right angles
to the stream bank with a spacing of the average length of the
structure.

3.12.2. 11 Brush Gid

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: A brush grid consists of layers of brush laid
out in arectilinear pattern with each successive
lift being placed normal to the lower lift. The
structures are well suited for the repair of
severely scoured or sloughing areas on banks in
streans with high flow velocities and | arge range or
frequent changes in water level. These structures
may be used on portions of the streanbed fromthe
toe of the high bank to the edge of the mean | ow
water | evel of the stream For large scour areas, a
brush grid may be constructed at the up stream end
of the scour hole between the stream bank and a
brush traverse or vegetated groin or dike. The
remai ning portion of the scour area may be filled
with wi dely spaced brush transverse structures. The
areas between the transverses nmay be filled with
brush sills. A brush grid requires significant
manual | abor and a large supply of brush. The
amount of | abor and naterials nmay be reduced by
conbining the grid with brush sills, vegetated

di kes, gabions, or by constructing a w dely spaced
grid work of brush instead of a conplete cover of
brush.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

[ An excavation that is 4.5 m15 feet wide and 1 m 3 feet deep shal
extend fromthe edge of the high bank 6 m20 feet into the stream
channel . The floor of the excavation shall be sloped towards the bank
at 2H: 1V and shall be snpboth and conpacted. The side sl opes shal

ext end beyond the above specified di nensions and shall be at the angle
of repose. The trench shall be keyed 1.5 m5 feet into the stream
bank.] [ Sedi ment shall be excavated to forma level floor at the
installation area to the grades and di mensi ons shown on the draw ngs.]
[Live] [Dead] poles conposed of [untreated manufactured | unber]
[straight sections cut fromlocal trees] shall be driven vertically 1 m
3 feet into the streanbed [along the alignnment of the proposed bank]
[as shown on the drawings] [in a straight rowthat is 4.5 m 15 feet
fromthe edge of the high bank]. Additional poles shall be placed

bet ween the new al i gnment of poles and the stream bank on 1.5 m5 feet
centers. The poles shall be 100 mm 4 inches in dianeter. The length
of the poles shall be such to allow 600 nm 2 feet of pole to extend
above the nmean water level. The bottons of the poles shall be shaped
to sharp tips to facilitate driving theminto the streanbed. The tops
of the poles shall be cut normal to the lengths of the poles. The top
el evations of the poles shall be the same for all poles. [Pilot holes,
slightly larger in dianeter than the poles, shall be drilled into the
streanbed using a [steel punch rod] [mechanical drill] in coarse

al luvial sedinent]. The poles shall stand erect w thout support after
installation in the streanbed. Loose or nonvertical poles shall be
reinstalled. Poles damaged during installation shall be replaced at no
expense to the Government.

The base layer of the structure shall consist of 150 nm 6 inch dianeter
by 6 m20 feet long trunks of trees with their branches stil

attached. The root wads shall not be attached to the trunk. These
trunks shall be tightly packed between the poles with the growth tips
extending 600 nm 2 feet into the stream beyond the new bank alignment.
The trunks shall be placed horizontally in the excavation with the cut
ends placed [in the key trench] [firmy butted against] the stream bank
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[ Removed sedinent] [Select fill] shall be placed over the trunks unti
only to tops of the trunks are exposed. Live cuttings up to 50 nm 2

i nches in dianeter shall be placed vertically in rows spaced 1 m 3 feet
apart parallel to the base |layer of trees with a nminimumof 5 cuttings
per 300 mmlinear foot of row The cut ends of the cuttings shall be
pushed through gaps between the base |l ogs and into the streanbed. The
top of the growh tips of the cuttings shall be at the same el evation
as the top of the vertical poles and inclined at a slight angle down
stream A layer of live cuttings consisting of 1 m3 feet w de rows
that are up to 300 nm 12 inches thick shall be placed horizontal on top
of the first Ilift of trunks and pulled around the upright live cuttings
and poles. The growth tips shall extend 600 mm 2 feet beyond the new
alignment into the stream The rows shall be separated fromthe
vertical posts by a distance of 300 nm one-foot. Sedinment shall be

pl aced on top of the cuttings to fill all voids until only the top of
the rows are exposed. A lift of cuttings shall be placed nornal to the
first Iift of cuttings with the growth tips extending 600 nm 2 feet
beyond the down stream edge of the structure. Sedinment shall be placed
on top of this Iift of cuttings the sane as the lower [ift. Lifts of
rows of cuttings shall be placed in this alternating manner until the
structure reaches a mininmal height of 1 m3 feet above the nean | ow
water | evel. Large natural stone shall be placed al ong the outer
perimeter of the structure to protect it fromscour. The top of the
structure shall be secured with [a |ayer of natural stone] [sand bags
filled with select fill] placed on top of the horizontal cuttings and
around the vertical live cuttings and pol es.

Longi tudi nal structures

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Longitudi nal structures or plantings are

pl aced parallel to stream banks or |ake shores and
may be used in conjunction with hard engi neered
structures to provide habitat, shade, and to obscure
the hard structures fromview thus allowi ng a nore
nat ural appearance to the protected bank

3.12.3
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.1 [Single] [Cunmp] Reed Planting

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Reed planting involves the planting of singe
reeds or clunps of reeds along a stream bank or | ake
shore. This nethod is well suited for |ow flow ng
streans, |akes, canals, and stagnate areas of water
that are protected fromwave action or strong
currents. Such sites may include exposed banks at
or slightly below the nean | ow water |evel, tidal
flats, or areas of low relief shoreline that extends
some distance into a water body. The reeds

di ssi pate energy of the water acting on the shore
area and reduce erosion while root structures

i nprove the strength of the bank. Planting should
begin at the wet shoreline and progress | andward.
This planting nethod is sinple to inplenment and
conpl ete, but must be acconplished during the first
nmont hs of sumer to allow the plants to becone
established.
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The net hod does not provide i medi ate erosion
protection to the bank nor will the plants tolerate
shade. The effect of the plantings may not be
realized until two to three years after planting.
Reed planting will not reduce failure of unstable
banks or shorelines. Cdunp planting refers to the
planting of a large group of reeds contained in a

| arge soil and root mat in a hole excavated at the
site.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

Reeds shall be planted during the active growi ng period. The reeds shal

be delivered to the site in bundles in saturated cloth. [Single reeds]

[ Reed clunps] shall be planted on a grid with a spacing of 600 nmm 2 feet
starting at the shoreline and progressing landward [for a distance of 16 m
50 feet] [to the existing reed Iine]. The stens of the reeds shall be
slightly above grade and vertical. The shoreline edge of the planting area
shall be protected by [a |ine of natural stone] [coir log] [log] [__ ].

[ Reeds pl aced between stone arnor at the water |ine shall be placed between
the stones in narrow trenches backfilled with fine-grai ned sedi nent.]

3.12.3. 2 Li ve stone revet nent

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Live stone revetnments are traditional stone
or rock armor revetments placed on banks for
stabilization and erosion protection with the
addition of live cuttings placed in the joints

bet ween the arnor stones. These structures are well
suited for sites where extensive areas of bank nust
be protected along high flowi ng streans with heavy
bed | oad or | ake shore subject to wave action
Saplings may be placed between the rock joints if
topsoil is placed to fill the interstitial voids
bet ween the arnor stones. Construction nust occur
in the dornant season for live cutting revetnents
and in the spring or autum for transpl anted
saplings. Expect 30 to 50 percent nortality rate
with cuttings, particularly in drier clinates.
Driving cuttings or live poles deeper into the
stream bank and irrigation of the site nmay inprove
pl ant survivability.

The designer is encouraged to review existing

ref erences on stone revetnent function, perfornmance,
and construction. Also, the designer should
consider the inpact the construction of a hard
structure may have to the surroundi ng banks and
channel such as the shifting of erosion to adjacent
or cross streamlocations that are not protected.

kkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkk

The bank shall be prepared by reducing the slope to [2H 1V] [as shown
in the drawings]. The surface of the bank shall be snoothed and
conpacted. A key trench shall be excavated at the toe of the stream
bank and shall extend [1 m3 feet below the nean | ow water |evel] [600
mm 2 feet below the | owest el evation of estinmated scour]. The bank
shal |l be overlain by a 100 mm 4 inch thick layer of 75 nmm 3-inch m nus
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conpacted fill that contains less than 5 percent fines that shall serve
as a filter blanket between the outer arnor stone and the bank soil

Large stone with a nonminal dianmeter of 1 m3 feet shall be placed in
the key trench. Arnor stone shall be placed up bank fromthe key
stones to the bank crest [and extend 1.5 m5 feet |landward of the bank
crest]. Each stone shall be placed to interlock with down sl ope stones
to forma rock mass that covers 100 percent of the exposed bank. The
stones shall be placed by [hand] [heavy equi pnent with placing
bucket]. Stones shall not be dunped in mass fromthe top of the bank
The stones shall be pushed into the bank once the stone is placed.

[ Top soil] [Excavated bank material] shall be placed on top of the
stone and shall be brushed over the surface of the stone to fill the
voi ds between the stones. Live [cuttings] [stakes] [poles] shall be
driven between the joints of the rock at I east 600 nm2 feet into the
bank soil below the base of the arnmor stone. Up to 10 live poles shal
be placed per square yard of area. Cuttings shall be placed on the
entire structure fromthe nean | ow water level to the [ andward end of
the revetnent.

The ends of the structure shall be keyed into the stream bank. Key
trenches shall be excavated 1.5 m5 feet into the stream bank at the up
stream and down stream ends of the structure. These trenches shall be
1.5 mm 5 feet deep and the faces of these trenches shall be the sane

sl ope as the face of the prepared bank. The trenches shall be filled
with large [stone] [rock] that is pushed into the bottom and sides of
the trench. The voids between the [stones] [rocks] shall be filled
with soil renoved fromthe trench. The [stone] [rock] shall extend to
the surface and wap in a continuous nmass into the arnor [stone] [rock]
on the face of the bank

3.12.3.3 Brush Layered Revet nent

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhhhkkkkkk

NOTE: Brush |ayer revetnents are constructed of
alternating layers of live brush cuttings and rock
These structures are easier to construct and of

| ower cost than live revetnents and are suitable for
protecting | ong stretches of stream banks or |ake
shores. The live brush will cover the arnor rock
with time and obscure it fromview Angular quarry
stone or rip rap may be used with this nethod.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

The bank shall be prepared by reducing the slope to [2H 1V] [as shown
in the drawings]. The surface of the bank shall be snpothed and
conpacted. A key trench shall be excavated at the toe of the stream
bank and shall extend [600 mm 2 feet below the nmean | ow water level] |
600 nm 2 feet below the | owest elevation of estimated scour]. The bank
shall be overlain by a 100 mm 4 inch thick layer of 75 mm 3-inch m nus
conpacted fill that contains less than 5 percent fines that shall serve
as a filter blanket between the outer arnmor stone and the bank soil

Live cuttings shall be placed in the trench against the stream side
wal | of the trench. The cuttings shall be pushed into the streanbed
and the cut ends shall be covered with a thin layer of [sedinent]
[select fill]. Large stone with a nomi nal diameter of 1 m3 feet shal
be placed in the key trench. The large stone shall rest on the ends of
the cuttings and anchor themin place. Arnor stone shall be placed up
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the bank fromthe key stones to the bank crest [and extend 1.5 m5 feet
| andward of the bank crest]. Each stone shall be placed to interlock
with down slope stones to forma rock mass the covers 100 percent of

t he exposed bank. The stones shall be placed by [hand] [heavy

equi pnment with a placing bucket]. Stones shall not be dunped in nmass
fromthe top of the bank. The stones shall be pushed into the bank

usi ng suitabl e heavy equi pnent once the stone is placed. [Sedinent]
[Select fill] shall be [brushed] [washed] into the voids between the
rocks as the rocks are pl aced.

c. Stone shall be placed in lifts not to exceed 1 m3 feet in height. The
top of the lift shall be within 150 nm 0.5-foot of the same el evation
across the surface of the lift [and parallel to the water surface of
the strean]. A layer of |oosely conpacted topsoil at |east 150 nm 6
i nches thick shall be placed on the top of the rock Iift. Live
cuttings shall be placed in a criss cross nmanner with 20 cuttings per 1
m 3 linear feet on top of the topsoil layer with the cut ends pushed at
| east 300 nm 1-foot into the bank beneath the filter layer and with
grow h tips extending 150 nm 1.5 feet beyond the face of the arnor
rock. The cuttings shall be covered with 100 nm 4 inches of noderately
conpacted topsoil. The next lift of rock shall be placed on top of the
conpacted top soil and these rocks shall be pushed into the topsoi
until refusal due to contact with the rocks of the underlying lift.

The process of alternating |ayers of rocks, cuttings, and topsoil shal
continue to the [design height] [top of bank].

d. The ends of the structure shall be keyed into the stream bank. Key
trenches shall be excavated 1.5 m5 feet into the stream bank at the up
stream and down stream ends of the structure. These trenches shall be
1.5 m5 feet deep and the faces of these trenches shall be the sane
sl ope as the face of the prepared bank. The trenches shall be filled
with arge [stone] [rock] that is pushed into the bottom and sides of
the trench. The voids between the [stones] [rocks] shall be filled
with soil renoved fromthe trench. The [stone] [rock] shall extend to
the surface and wap in a continuous nmass into the arnor [stone] [rock]
on the face of the bank

3.12.3. 4 Longi t udi nal Live Fascine
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NOTE: Longitudinal live fascines consist of live
fasci nes conbined with brush | ayers and possi bl e
bank toe arnor stone along the | ength of a stream
bank or | ake shore. These structures provide

i medi ate protection of the toe of the bank from
current or wave erosion. These structures are

i nexpensive and easy to construct and suitable for
| ow banks. The nethod nay be used as toe protection
for stable high banks if the upper portions of the
banks are protected by other bioengi neered or hard
structures.
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The fascines shall be conposed of live cuttings and constructed in
accordance with paragraph "Live Fascines" in PART 3. [A trench shall be
excavated at the nean |ow water |level of the streamwi th a floor that

sl opes at 15 degrees towards the bank.] [A key trench shall be excavated
bet ween the fascine trench and the mean |l ow water line. This trench shal
be 600 nm 2 feet deep and 1 m 3 feet wide. The face of the key trench
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shall terminate at the lip of the trench for the fascine. The trench shal
be filled with [quarry rock] [large natural stone] [rock and brush fascines
anchored with dead stakes].] A layer of live cuttings shall be placed in
the bottom of the fascine trench in a criss cross manner with the cut ends
of the cuttings in contact with the face of the trench and the growth tips
extending 150 nm 1.5 feet beyond the lip of the trench. A mininmmof 20
cuttings shall be placed per linear foot. The cuttings shall be covered
with a layer of compacted soil. The fascine shall be placed in the trench
and anchored in place by live poles. The poles shall be 1.2 m4 feet in

I ength and driven 10 nm 2.5 feet into the bottomof the trench through the
fascine. The poles shall be spaced every 1 m3 feet along the | ength of
the fascine. Backfill shall be placed around the fascine to the [grade of
the original bank] [design grade].

3.12.3.5 Longi t udi nal Brush Packi ng

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Longitudi nal brush packing is a nethod suited
for the repair or protection of near vertical or
under cut banks subject to erosion. These
structures provide i mediate protection to the bank
fromerosion or wave action. The stability of the
bank should i nprove over tine as vegetation becones
est abl i shed dependent on the properties of the soils
that conpose the bank. The structures are suited
for lowto fast flowi ng streams or active | ake
shores. They are sinple and easy to construct but
may require |large amounts of fill and vegetation.
The structure consists of lifts of soil and brush
that are wrapped by erosion control products.
Geosynthetic or plastic netting shall not be used
unl ess absolutely necessary and in this case only
for the lower Iifts of the structure.
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a. The slope of the bank shall be reduced to [2H:1V] [steps that are 300 mMm
12 inches high and 600 nm 24 inches deep fromthe toe to the crest of
t he bank] [as shown on the drawings]. A key trench shall be excavated
at the toe of the design slope. This slope shall be of the sane grade
as the adjacent undanaged stream bank. The key trench shall be 1.2 m4
feet wide and 600 mm 2 feet deep and extend the | ength of the work
site. The trench shall be filled with [large natural stone] [quarry
rock] that has a nominal dianeter of 600 nm2 feet and that is well
graded with 100 percent greater than 100 nmm 4 inches. The [stone]
[rock] shall be placed to forma triangular topped di ke with side
sl opes of 2H:1V. The [stone] [rock] shall be tanped into place.

b. A 100 nm 4 inch layer of [select fill] [renpved sedinment] shall be
pl aced on top of the Iandward face of the rock di ke and conpacted. The
[fill] [sedinent] layer shall be covered with erosion control fabric

conposed of [coir netting] | ]. The fabric shall extend fromthe
face of the bank to at least 1.2 m4 feet beyond the top of the rock
di ke. The netting shall be secured to the soil layer with [staples]

[stones] [stakes]. The fabric shall be free of winkles and extend the
full length of the rock dike.

c. Live cuttings [with 25 percent dead branches] shall be placed on top of

the fabric layer in a herringbone pattern. The cut ends of the
cuttings shall be pushed into the streanbed to refusal. The cuttings
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shal | be placed at a density of 20 cuttings per 300 mmlinear foot to a
t hi ckness of 100 nm 4 inches. The growth tips of the cuttings shal
extend 150 mm 1.5 feet beyond the top of the crest of the rock dike
into the streamchannel. [Select fill] [Renoved sedi nent] shall be
brushed into the voids between the cuttings. A 100 nm 4 inch |ayer of
[select fill] [renmpved sedinent] shall be placed on top of the cuttings
and conpacted. The fabric that extends over the rock di ke [shall be
cut and rempved] [tightly rolled and anchored at the base of the
cuttings on top of the rock dike].

The top of the [fill] [sedinent] |ayer placed on top of the first |ayer
of cuttings shall be covered with a | ayer of erosion control fabric
conposed of [coir netting] | ]. The fabric shall cover the top of
the lower lift. At least 1.5 m5 feet of fabric shall remain above the
contact of the lower lift and the slope of the bank. This portion of
fabric shall be tenporarily staked to the bank slope. At least 2 m6
feet of fabric shall extend beyond the top of the design slope. A 300
mm 12 inch layer of [select fill] [renpbved sedi nent] shall be placed on
top of the fabric and conpacted to 90 percent dry density. The ends of
the fabric shall be placed on top of the conpacted material. The
fabric near the face of the bank shall be placed on top of the
conpacted material and pulled free of winkles. The portion of fabric
towards the stream channel shall be placed across the face of the
conpacted material and pulled tight and secured to the top of conpacted
material with staples. The staples shall be installed flush with the
top of the lift.

Live cuttings shall be placed on top of the lift of conpacted materi al
in the same manner as the cuttings on the first lift. These cuttings
shal | be covered by a 100 mm 4 inch | ayer of conpacted [select fill]
[renmoved sedinent]. The process of wapping lifts of conpacted soi
with erosion control fabric and the placenment of |ayers of cuttings
shall continue to the [design height of the structure] [top of the
bank]. The height of the soil lift nearest to the top of the structure
shal | be adjusted in thickness to neet the design grade. The top of
the structure shall not be covered with cuttings. [Live stakes shal
be placed across the top of the structure on 600 nm 2 feet centers for
a distance of 2 m6 feet landward of the top of the bank and for 2 m6
feet upstream and down stream of the ends of the structure on the
original stream bank.]

The structure shall be keyed into the bank on the up stream and down
stream si des of the structure. The key trenches shall be 1.2 m4 feet
deep. The lifts of the structure shall be wapped into the trenches
and the ends of the lifts shall butt against the face of the key trench

3.12.3.6 Live Crib wall

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Live Crib walls are robust structures suited
for stabilization and protection of banks or shores
subj ected to high flow or noderate wave action
These structures provide i medi ate erosion
protection and possible habitat during high flow
events dependent upon design. The structure
provides a hard frane that dissipates current or
wave energy. Bank stability and habitat inprove as
the vegetati on matures and devel ops extensive root
systens and shade al ong the bank. These structures
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typically require earthworks and | arge equi pnent for
bank preparation and backfilling. Large anounts of
vegetation and | abor are required. Crib walls nmay
be used to increase the width of a stream by

repl aci ng the natural sloped banks with the near
vertical walls of the structure. Crib walls nmay be
used to repair severely scoured banks by placing the
structure in the streamat the new bank alignnent
and backfilling the void between the structure and

t he existing bank.

The structure nay be conbined with brush sills,
brush mats, or large natural stone on the up stream
or down stream sides of the structure to reduce
erosion. Stability of the structure nmay be inproved
using a double crib design conmposed of front and
back headers. Backfill should be free draining
material. Tinber used for the crib wall nmay be
untreat ed nanufactured 300 nm 12-i nch square posts,
locally harvested vegetation with truck dianeters
greater than 300 nm 12 inches, or conbination of

t hese nateri al s.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

The stream bank shall be reduced to the required sl ope and design
grade. A trench shall be excavated that is 600 mm 2 feet deep and
extends parallel to the toe of the slope. This trench shall extend the
full length of the work site and shall extend [for a distance of 4.5 m
15 feet into the streamchannel fromthe toe of the slope] [in the
stream channel to the distance and di mensi ons shown on the draw ngs].
The floor of the trench shall slope at 15 degrees towards the bank and
shal |l be [rmanual |y conpacted using a tanmping bar wei ghing at |east 18 kg
40 pounds] [conpacted using a small notorized tanping rmachine] unti
the bottom of the trench is dense and provides a solid base for the
crib wall. The floor of the trench shall be [as shown in the draw ngs]
[of uniformgrade across the trench width]. The trench shall be keyed
into the stream bank for a distance of 2 m6 feet. Material renoved
fromthe key trenches shall be used as conpacted backfill in the key
trenches. Sediment excavated fromthe trench shall be [renpved from
the site and replaced with select fill] [used as conpacted backfill].
Depressions in the trench floor shall be filled with conpacted nateri al
to raise these areas to design grade and areas above grade shall be
reduced to the design grade.

The crib wall shall be franed with [untreated straight 300 mm 12-i nch
square by 2.5 m8 feet long beans] [200 to 300 mMmm 8 to 12 inch dianeter
by 2.5 m8 feet long straight |ogs harvested fromlocal sources. These
| ogs shall be cut normal to the trunk and the | ogs shall have al
branches stripped fromthe trucks]. The header adjacent to the stream
shall be placed parallel to the toe of the slope at the design
alignment of the wall and shall extend the full width of the trench
The header adjacent to the bank shall be placed parallel to and 2 m6
feet fromthe stream side header in the direction of the bank. Headers
shal | be placed end-to-end and in line at splices between the nenbers.
Wbod posts shall be driven vertically into the streanbed 150 nm 6 i nches
fromthe splices on both sides of the header

Stretchers shall be 2 m6 feet in length. Each stretcher shall be
pl aced nornal to the headers and between the vertical poles at the
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splices between the headers. The stretchers shall be spaced [every 1.2
m4 feet] [md distance] between the vertical poles and shall extend a
m ni mum of 100 nm 4 inches beyond the outer edge of the stream side
header face. The rear butt of the stretcher shall be placed on top of
t he header near the bank and shall [extend 100 mm 4 i nches beyond the
outer face of the header] [be firnmly placed agai nst the exposed bank].
The stretcher shall be attached to the header w th binding products
wrapped three tines in a criss cross pattern and secured with a
non-raveling knot. A 13 mm 1/2-inch dianeter hole shall be drilled
vertically through the stretcher and header. A 600 nm 24 inch long, 16
nmm 5/ 8-inch di aneter [non-gal vani zed steel spike] [steel rebar] [hard
wood dowel] shall be driven into the hole and set flush to the top of
the stretcher. The open area between the inner face of the stream side
header and the inner face of the |andward header shall be backfilled
with conpacted [sedinent renoved fromthe trench excavation] [select
fill] to the nmddle of the stretchers. Live cuttings 19 to 38 mm 3/4
to 1.5 inches in dianmeter shall be placed in a criss cross nanner on

the top of the conpacted backfill with the cut ends pushed into the
backfill near the | andward header. The growh tips of the cuttings
shall extend 600 nm 2 feet beyond the face of the stream side header
Backfill shall be placed and lIightly conpacted on top of the cuttings
to the top of the stretchers. Additional headers, stretchers,
backfill, and cuttings shall be placed until only the final lift

remai ns. The centerlines of stream side headers shall be off set 50 mm
2 inches towards the bank relative to the | ower headers to provide an
incline to the face of the structure. Select fill shall be placed in
the area between the face of the | andward header and the slope of the
bank. The fill shall be placed in lifts of the same thickness as the
lifts on backfill in the interior of the structure. Each lift shall be
conpacted to at |least 90 percent dry density.

The top stream side headers shall be 100 nm 4 inches larger in dianmeter
than the headers used for wall construction. The vertical poles shal
be cut flush with the top of the final headers. A header shall be

pl aced at the m dpoint between the outer headers and secured with

bi nders and [spi kes] [rebar] [dowels] to the underlying stretchers.

The Iift of backfill inmediately bel ow the conpletion headers shall be
filled with a tightly packed brush nmat conposed of |ive [and dead]
cuttings that are placed in an alternating rectilinear grid pattern
Each [ ayer of brush shall be covered with a thin layer of lightly
conpact ed backfill. [Rounded clean natural stone from 300 to 600 mm 12
to 24 inches in dianeter] [Excavated sedinent] shall be placed from
the top of the packed brush to the top of the final headers [to the
grade shown in the drawi ngs]. [Live stakes shall be driven vertically
on 600 nm 2 feet centers into the backfill at the top of the
structure.] [Large natural stone arnmor 600 mm 2 feet thick shall be

pl aced on the banks and agai nst the ends of the structure for a

di stance of 3 m 10 feet upstream and down streamfromthe structure

Li ve stakes shall be planted in the joints between the stones.] The
key trenches shall be filled with [large natural stone] [quarry rock]
to the design grade.

IRRIGATION

Irrigation of the structure shall be started imediately after installing
erosion control products and vegetation. Witer shall be applied to

suppl enent rainfall at a sufficient rate to ensure noist soil conditions to
a mnimum 300 nm 12-inch depth. Run-off and puddling shall be prevented.
Watering trucks shall not be driven over turf areas, unless otherw se
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3.

3.

directed. Watering of other adjacent areas or plant material not related
to work efforts shall be [prevented] [as specified by the Contracting
Oficer]. Witer shall be applied to trenches i medi ately before placenent
of live vegetation. Witer shall be placed on the conpleted structure at
the end of each day, as needed to control dust and to prevent excessive
drying of vegetation, and at the conpletion of the structure. [The
structure shall be irrigated after installation for 3 nonths until the end
of the first year growing season.] [Structures in arid climtes shall be
irrigated for a period of 3 years.] [Daily irrigation of the structure and
work site shall not exceed 20 minutes [each day] [twice a day] [3 tinmes per
week] and shall be sufficient to support the survival and growth of planted
vegetation. Irrigation shall never exceed lints that could inpair the
stability of the structure and shall be adjusted to conpensate for
additions or deficits to soil noisture caused by precipitation or
evaporation.]

14 FERTI LI ZER, PESTI CI DE, HERBI Cl DE

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Edit this section as required. Fertilizer
pesticide, and herbicide my be required for the
construction, establishnment, and nmaintenance of

bi oengi neered structures. Provide nethods for
application, frequency of use, safety precautions
for hunmans and the environment in the section bel ow
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15 FI ELD QUALI TY CONTRCL

The work site shall be inspected by the Contracting Officer prior to fina
acceptance of work. A punch list noting deficiencies shall be conpiled by
the Contracting Oficer and provided to the Contractor. Perform repair,
adjust, align, or otherwi se conply with the specified work on the punch
list to the satisfaction of the Contracting Officer. Notify the
Contracting Oficer at |least 14 days prior to the inspection that work
shal |l be ready for inspection. Wik will not be accepted until all punch
list items are resolved and all work neets or exceeds contract

requi renents. Final acceptance of work shall not be provided by the
Contracting Officer until all defects or deficiencies are corrected. Fina
Accept ance shall occur only after all corrective actions and suppl enment al
vi abl e plantings are conplete and the structure neets performance standards
and all contract requirenents. Conply with necessary repairs to the
structure and vegetation as stated in the warranty.

.16 CLEAN-UP

Excess material, debris, and waste nmaterials shall be disposed of offsite
at an approved landfill or recycling center. Adjacent paved areas shall be
cleared. The site shall be restored to preexisting conditions to the
extent reasonably possible and to the satisfaction of the Contracting
Officer.

.17 PROTECTION

I medi ately upon the start of the installation in an area, the area shal

be protected against traffic or other use by erecting barricades and
provi di ng signage as required, or as directed. Signhage shall be [in
accordance with Section 10 14 00. 10 EXTERI OR SI GNAGE] [as shown on the
drawi ngs]. Protect the work site and vegetation from damage and vandal i sm
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and free of trash and debris until final acceptance by the Contracting
Officer.

.18 DOCUMENTATION

Establ i sh and nmi ntai n docunentation for bioengineering practices to record
the desired information and to assure conpliance with contract
requirenents, including, but not limted to, the foll ow ng:

.18.1 Mai nt enance Records

Visit, inspect, and docunent site conditions after the conpletion of
construction every week for the first year and every two weeks thereafter
until the end of the second year. Docunentation shall include witten
reports on site structure and vegetation conditions, damage, plant |oss,
and the like, to fully describe site conditions at the tine of the visits
and changes observed since previous visits. Photographs of the site and
areas of growth, defects, or damamge shall be obtained and included with the
records. Records shall be subnmitted to the Contracting Officer within [48]
[ ] hours after the conpletion of the site visit.

.18.2 Fi nal Project Report

The Final Project Report shall specify and summarize all construction
activities and problens plus information included in the construction and
mai nt enance records as submitted throughout the project. The report shal
sunmari ze the work rather than repeat the itens in the individual reports.

-- End of Section --
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