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1. Purpose. This Public Wrks Technical Bulletin (PWB)
transmts informati on on new nmet hods, materials, and structures
for erosion control. Mlitary installations use these

bi ol ogi cal or soft engineering nethods in conjunction with Best
Managenent Practice (BMP) for a conprehensive erosion control
program

2. Applicability. This PWB applies to all U S. Arny
facilities.

3. References.

a. Arny Regulation (AR) 200-3, Environnental Quality,
Nat ural Resources-Land, Forest and WIdlife Managenent,
28 February 1995, as nodified 20 March 2000.

b. Oher references are |isted in Appendi x D.

4. Discussion.

a. AR 200-3 was inplenented in 1995. It requires that
installations be good stewards of |and resources by controlling
sources of w ndborne and hydrol ogi cal erosion to prevent danage
fromfacilities to the |land, water resources, and equi pnent.
Bot h hydrol ogi ¢ and wi nd-driven erosion play into nultiple | aws
and regul ations including the Clean Air Act, Cean Water Act,
etc. which all affect how Arny training | ands are managed for
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erosion. Both historical and current data on biol ogical erosion
control and inpacts to mlitary |ands have been | acking.

b. This PWB provides information about current biologica
erosi on control technol ogi es and nmet hods used to prevent soil
erosi on and degradati on of environnental resources. Mny of
t hese natural resources preservation and conservation
rehabilitation technol ogies are cost-effective and can ensure
| ong-term sustainability of Arnmy training |ands. Controlling
erosion requires an understanding of mlitary |and-use inter-
actions that can danmage or alter environnental resources and
appropriate rehabilitation technol ogies that can be applied to
sustain training | ands.

c. Appendix A provides a sinplified definition of erosional
processes, erosion inpacts, and the inportance of erosion
control on mlitary | ands.

d. Appendi x B contains background i nformation on bi ol ogi cal
and soft erosion control technologies. It also describes
met hods and issues that are associated with erosion control on
mlitary lands. A table conparing all erosion control nethods
is at the end of the appendi x.

e. Appendi x C presents case studi es and exanpl es of
bi oengi neering erosion control on several mlitary
installations.

f. Appendix D Ilists books, extension services, universities,
and conpanies that will help in the selection of soft erosion
control technol ogies. Appendix D includes a short list of Arny
regul ati ons, acts, and other laws that apply to erosion and | and
management on nmilitary installations. The final section of
Appendi x D includes references cited in the previous appendi ces.

5. Points of Contact. HQUSACE is the proponent for this
docunent. The POC at HQUSACE is Mal col mE. MLeod, CEMP-II
202-761-0632, or e-nmil: mal col me.ntl eod@sace. arny. ml.
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Questions and/ or comments regarding this subject should be
directed to the technical POC

U.S. Arny Engi neer Research and Devel opnent Center
Construction Engi neering Research Laboratory

ATTN. CEERD-CN-E (Heidi R Howard)

2902 Newmark Drive

Chanpaign, IL 61822-1072

Tel.: (800) 872-2357 ext. 7601
FAX: (217) 373-7266
e-mail: heidi.r.howard@rdc. usace.arny. m |

FOR THE COVMANDER:

1:ﬁEkﬁF;éziégﬁﬁgxgbmqqﬂwm?ﬁmmh

DONALD L. BASHAM P. E

Chi ef, Engi neering and
Construction Division

Directorate of Civil Wrks
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Appendi x A: Erosion and Mlitary Land |ssues

Prepared by:

Hei di R Howard ERDC/ CERL
Brandy S. Koch ERDC/ CERL
Pr oponent :

Mal col m E. McLeod HQ USACE

Erosion is the translocation or renoval of soil particles and
aggregates via water, wnd, frost, ice and/or extrene sun/heat
action (Gay and Sotir 1996, p 19). Primary factors affecting
erosion are the climte, topography, and soil texture along with
| and cover and past and present |land use (Gray and Sotir 1996, p
19; A son 1994; Schwab et al. 1955, p 92). Water erosion is
general |y caused by raindrop inpact and the associ ated surface
runoff (Figure Al). Energy for particle detachnent and

associ ated transport of the particles is derived fromraindrops
striking the soil surface and fromthe runoff across the soi
surface (Agassi 1996, p 239).

The two types of water erosion are natural and accel erat ed.
Bryce Canyon in Utah is an extrene exanple of natural erosion
(Figure A2). The canyon was created over mllions of years from
natural water flow. Accelerated erosion results from

di sturbances within the natural system generally caused by
humans and their influences. Accelerated erosion can be

subdi vided into three categories —sheet, rill, and gully —and
can include stream channel erosion, which is soil renoval from
stream banks and/or sedi nent scour along the channel bottom
This form of erosion should be considered separately fromthe
rainfall-associated types of erosion |isted above (G ay and
Sotir 1996, p 28).

Figure Al. Raindrop inpact on
soil surface (source: USDA).
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Figure A2. Natural erosion at Bryce Canyon, UT (source: USDA).

Sheet erosion is the result of overland flow or surface runoff
of water that occurs when soils reach saturation or when
rainfall rates exceed infiltration rates. The water detaches
soil particles and renpoves thin layers in a broad “sheeting”
effect. Sheet flowis common in arid and sem-arid lands or in
hum d areas where vegetation and soil structures have been

di sturbed or destroyed. The two principal factors governing the
erosive force in sheet flow are depth of flow and gradient. To
control sheet erosion, therefore, avoiding high concentrations
of runoff flow on slopes is critical. Unchecked sheet erosion
rapi dly becones rill erosion.

Concentrated or channelized flow, where small rivulets of water
cut into the soil surface, will create rills or channels (Toy et
al. 2002; White 1997). In rill erosion the water picks up nore
energy fromthe concentrated fl ow and becones hi ghly erosive.
The depth and vel ocity of channelized flow can increase up to 50
times that of adjacent areas. Once forned, rills can often be
difficult totreat. In farmng, rills and sheet erosion are
often controlled with tillage. Uncontrolled sheet and rill
erosion can result in the formation of a gully network (Toy
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2001; Wiite 1997). Tillage of training lands is not a common
practice and is not conducive to training or |and rmanagenent;
this is one reason, therefore, that excessive gullies are found
on mlitary training |ands.

Uncontrolled rills may grow, or several rills may merge, formng
a gully. FErosion enlarges the rill channel until it surpasses
the | oose definition of size for arill (can be graded out of
exi stence), thereby formng a gully (Figures A3—-A5). If the
gully is left untreated, it can grow to hundreds of feet in

wi dth, depth, and length (Toy 2001; Wite 1997). Qully
formation is arguably the primary safety hazard on mlitary

trai ning | ands.

Figure A3. @illy erosion at Fort Bragg, NC

Unchecked erosion can affect soil properties. Nutrients
associated with organic matter and other soil particles can be
transported farther downstream or |eached fromthe soil profile.
Physically, soil texture and bul k density are nore conmonly
affected. As erosion occurs across a | andscape, a cascadi ng
event occurs where lighter particles such as clays and organic
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matter are picked up and carried down the watershed until
finally deposited. During this process, a gradated or sorted
soil profile occurs. The deposits during the transportation and
deposition are sorted with | arger and heavier particles falling
out before lighter particles (i.e., clay). This process wll
form horizons of sorted materials (i.e., sand or clay deposits).
The new soil has different physical and chem cal properties,
changing the suitability for plant species conposition. Soils
may now have a sandy texture, thereby creating a drier
environment with faster infiltration rates unsuitable for
wet | and speci es.

The shift in the plant conmunity and soil characteristics can
make restoration of the inpacted areas difficult. Increases in
erosion will result in a directional increase in sedinents of

t he i npacted wat ershed. Suspended and depositional sedinents
have negative effects on prinmary producers, invertebrates,
benthic invertebrates, vertebrates, and associated habitats
(Waters 1995; Henly et al. 2000).

Movenment of nost anything (e.g., cattle, humans, vehicles)
across a |landscape can cause erosion. Human activities and | and
use can significantly speed up or slow down natural erosion.
Humans nodify soil formation processes by altering chem cal and
physi cal soil properties such as bulk density, infiltration
rates, and productivity (Toy et al. 2002). Sites with high
productivity tolerate intensive training; in other words,
productivity translates into useable. U S. Arny training
activities degrade natural resources nuch |ike other activities
such as | ogging, construction, or farm ng negatively influence
erosion, but on a unique scale.
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Figure AA. @lly erosion in a Training Area.

Fi gure A5. Conbi nation of sheét, rill,
and gully erosion on nmlitary facility.
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Tracked and wheel ed vehicles, helicopters, foot traffic,

ammuni tion i npacts, and other negative influences can deci nmate
the soil structure, increase soil conpaction, and elimnate
veget ative ground cover, |eaving nothing behind to keep

erosi onal processes in check (Goran et al. 1983). Each year
Arny training |lands |ose an estimated 3 tons of soil per acre
(~6 netric tons per hectare) fromerosion.’

Ef fective | and conservation begins wth conserving the soil's
quality and productivity. Forenost, the native vegetation cover
nmust be preserved, for this is the first |line of defense agai nst
erosion. Vegetation and its roots provide a physical
reinforcenent to slope stability, while | eaves and stens protect
the soil surface fromraindrop inpact and overland fl ow.
Veget ati on al so regul ates soil npoisture via uptake or
evapotranspiration. The |oss or renoval of vegetation on a

sl oped area can increase erosion, sonetines with tragic results.
The U.S. Departnment of Agriculture (USDA) Soil Conservation
Service has estimated that, with effective and dense vegetative
covering, soil losses due to rainfall erosion can be decreased a
hundredfol d. Fiener and Auerswal d (2003) found that surface
runof f and sedi nent delivery froma grassed waterway were
reduced by 82 percent over an 8-year peri od.

The renoval of vegetative cover and soil during training and
other activities | eaves the surface of the soil exposed to both
wat er and wi nd erosion (Figure A6). Vegetation will stabilize
and protect the soil surface and subsurface (Abranson 2001).
Roots will hold the soil in place while increasing infiltration
of water, |eaving the surface | ess susceptible to overland fl ow
(Abranson et al. 2001). The aboveground bionass will al so
protect the soil surface by decreasing raindrop inpact and

sl owi ng or retarding overland flow velocity. In the case of
some vegetation, it will actually allow the waterborne sedi nents
to settle out and deposit. For these reasons, vegetation is the
best frontline defense against soil erosion control. Vegetation
i S i nexpensive, sustainable, and does not disturb mlitary
activities like constructed erosion control practices do.

" Hel ena M tasova, August 1999, University of Illinois, Department of
Geogr aphy, personal comrunication with H Howard, ERDC- CERL.
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Fi gure A6. Tank and wheel ed
i mpacts on Training Area increase
erosion at Fort Hood, TX

Success of the Arny’s training m ssion depends on resources
required to fight and win effectively. This innately inplies

t hat conservation of soil quality and productivity is an
essential conponent of training. Mlitary | ands need to be

mai ntained in settings that provide realistic and chall enging
opportunities to practice individual and battle-focused tasks
and mssions. In order to inprove the ability of mlitary |ands
to sustain training, soils need to be protected fromfurther
degradation via renedi ati on and revegetation. Erosion control
IS necessary to protect finite mlitary training | ands. AR 200-
3 mandates that installations are good stewards of |and
resources and control sources of both aeolian and hydrol ogic

er osi on.

As stated earlier, erosion is strongly influenced by clinmate,

| and use, vegetative cover and topography (slope). Al slopes
are inpacted or subjected to soil erosion and mass wasting (G ay
1996, p 106). Basically, the control of erosion comes down to
decreasing the velocity and anmount of overland flow by

di ssipating the waters energy over surface roughness.

Di sturbance to the | andscape and soil | oss need to be mnimzed
wi th basic erosion control Best Managenent Practices (BMPS).
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BMPs such as reseedi ng, sedi nent basins, and grassed waterways
hel p handl e i ncreased runoff and sedinents. Finally, |and
managers need to incorporate BMPs into all aspects of |and
managenent as early as possible to help control erosion. The
need to maintain training | and acreage and minim ze downtine for
| ands undergoi ng rehabilitation requires erosion control
practices that are cost effective and mlitary friendly.

Erosi on control BMPs that concentrate heavily on construction
and hard techniques will not neet the needs of | and managers,
trainers, and soldiers.
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Bi oengi neering and Bi ot echni cal Erosion Contro

Living building materials for the protection of structures and
crops, and for slope stabilization, have been used for centuries
(Norton et al. 2002). Wth nodern technol ogy, nan becane
enanored with physical structures and protection nethods, and

| ost sight of the sinpler, effective bioengineering and

bi otechnical controls. 1In recent years, many | and nanagers have
reverted to these sinple technologies for protection and erosion
control. Today many bi oengi neeri ng and bi otechni cal nmethods are
readily available, effective, and mlitary friendly. Studies
have shown that erosion, slope stabilization, and sedi nentation
can be controlled with quick and cost-effective soi

bi ot echni cal and bi oengi neeri ng net hods when conbi ned with the
correct physical control materials (Toy 2001; Abramson 2001,
Gray 1996; Agassi 1996; Koerner 1998; Sanmani 2002).

Bi ot echnical stabilization is generally thought of as a

conbi nation of living material incorporated with inert

structural or mechani cal conponents such as wood, concrete,
stone, rock, geotextiles, and cellular systens. The primry

pur pose of biotechnical stabilization is to have both |iving and
inert materials work together to reduce erosion and stabilize an
area. An exanple of this is the use of grassed terraces forned
by a cellular confinenment system such as GeoWeb®.

The definition of soil bioengineering, as given by Gay and
Sotir (1996), is when plants and plant parts, primarily live
cuttings, are inbedded and arranged in the ground in special
patterns and configurations. Soil bioengineering is defined in
this PWIB as being a living portion of biotechnical
stabilization in that the plant materials, such as roots, stens,
and | eaves serve as the primary structural and nechani ca

el enents in slope protection and erosion control.

Bi ot echni cal and bi oengi neeri ng nethods of stabilization are
cost -effective approaches for erosion control on mlitary |ands
conpatible with the training mssion. Mlitary training | ands
pose consi derabl e operati ons and nmi nt enance i ssues when deal i ng
with the control of erosion, sedinentation, slope degradation,
and vegetation |oss. A basic exanple of such issues would be
the requirenents of drop zones (DZs).

Safety considerations for paratroopers require that DZs be kept

cl ear of woody vegetation and other materials that nmay pose
safety hazards. Clear cutting to achieve this condition often
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contributes to concentrated runoff and erosion. Devel oping
sufficient land area for operations often requires extension of
drop zone boundaries into areas with steeper slopes. sSuch areas
recei ve concentrated overland flow and are highly susceptible to
gully formation. Many tines civil engineering structures and
techni ques are neither safe nor m ssion enhancing. R prap or a
drop structure could easily injure a paratrooper during |anding;
a concrete terraced sl ope may not be visible and nmay cause an
acci dent during night nmaneuvers. Solutions to erosion control
probl ens nmust be carefully selected to be conpatible with unique
training-related constraints.

Bi ot echni cal and bi oengi neeri ng nmethods are generally conpati bl e
with mlitary activities. Revegetation, establishnent of a
grassed waterway, or gentle terracing are all suitable bio-
techni cal and bi oengi neeri ng nmet hods appropriate for mlitary
activities and are effective erosion control BMPs. Establish-
ment of vegetation such as grass, shrubs, and trees is an
effective soil stabilization process that also provides a safe
trai ning environnment and realistic training conditions.

Care in the selection of vegetation species is necessary to
ensure that the species selected are conpatible to an
installation”s ecosystem slopes, and training activities.
Local |y adapted native species are generally the best for
revegetating an area. \When constructing a vegetative barrier or
mat such as a filter strip, it may be necessary to include
species nore suited for that process such as a rhizomtous
grass. Bernudagrass, for exanple, is a highly effective filter
stripping and grassed waterway species. Uilizing planning
tools such as VegSPEC can help with the selection of both native
and adapted species that will be conpatible to an installation’s
regi on and successful for erosion control.

Moni t ori ng and Measurenent Met hods

Ascertaining the extent of an erosion problemcan sonetines be

difficult. It is recomended that the |and manager contact a
| ocal expert, such as a Natural Resources Conservation Service
(NRCS) Soil Conservationist, to help estimate soil |loss for the

site. Nunmerous erosion assessnment nodels are al so avail abl e,
i.e., USLE (Universal Soil Loss Equation), RUSLE (Revised USLE)
WEPP (Water Erosion Prediction Mdel), Unit Stream Power-based
Er osi on Deposition (USPED), EROCSION 3D, etc. Moddels such as
these will help estinmate soil |ost per year. The use of
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erosi on, deposition, and sedinmentation nodels may provide
justification for the rehabilitation of the site.

Nurmer ous net hods are avail able to neasure the extent of erosion
and deposition occurring on your |land. Methodol ogies are well
docunented in books such as Lal (1994) and Toy et al. (2002).
Deci ding which nmethod to inplenent is generally determ ned by
cost, labor, and what is best suited for that site. Methods
range frominexpensive and fairly accurate, to expensive and

hi ghly detailed. Methods include, but are not limted to
erosion stakes or pins, digital analysis, and catchnments. Al
nmet hods have good and bad aspects to them and sel ection of the
nost appropriate nethod is generally driven by cost.

Er osi on, deposition, and sedinentation analysis wll help the

| and manager determnm ne what erosion control neasures are needed,
whet her the chosen technique is effective, and if it is
guantifiable. Results and neasurenents can be used in defense
of a program m ssion, or an outside conplaint. It is always in
the best interest of the |land manager to docunent projects and
results for future use.
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Appendi x B:

Bi oengi neeri ng,
erosi on control
materi als such as shrubs,

or

wat er
of erosion down sl|lope. Table
bi oengi neering erosion control
types. Table B2 at the end of

Bi oengi neering Techni ques for

bi ot echni cal
for areas of active erosion using |living
trees,
di ssi pate overland fl ow of water
interruption and dissipation of water flow,
is reduced and allows for deposition and/or the reduction

Erosi on Contro

stabilization, is a nethod of
and grasses to reduce and

As a result of the
the energy of the

Bl classifies a variety of
techni ques into construction
t he appendi x conpares the

benefits and di sadvant ages of each techni que.

Tabl e B1. Bi oengi neering erosion control techniques by
construction type.
Cat egory | Exanpl es

Li ve Construction

Conventional planting

Grass seeding
Soddi ng
Transpl ants

M xed Construction

Wbody plants used as reinforcenents
and barriers to soil movement

Li ve staking
Li ve fascines
Brushl ayering
Br anchpacki ng

Pl ant/structure associ ati ons

Breast walls with slope face plantings
Revetments with sl ope face plantings
Tiered structure with bench plantings

Wbody plants grown in the fronta
openi ngs or interstices of
retaining structures

Live crib walls

Veget at ed rock gabi ons
Veget ated geogrid walls
Veget ated breast walls

Wbody plants grown in the fronta
openi ngs or interstices of porous
revet ments and ground covers

Joi nt plantings

St aked gabi on mattresses

Veget at ed concrete bl ock revetnents
Veget ated cel lular grids

I nert

Constructi on

Conventional Structures

Concrete gravity walls
Cylinder pile walls
Ti e-back walls

Source: G ay,
Bi oengi neering Slope Stabilization:
This materia

L1 VI NG CONSTRUCTI ON — VECGETATI

Veget ati on and plantings are t
agai nst erosion.
exponential ly increases.

Donald H. and Robbin B. Sotir

is used by permi ssion of John Wley & Sons,

Wt hout a vegetative covering,
Met hods for establishing vegetation

1996. Bi ot echni cal and Soi
Gui de for Erosion Control
I nc.

A Practical

ON SPECI ES ( GRASSES)

he first step in the defense
soil erosion
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are nunerous and include conventional seeding, transplanting,
sprigging, and sodding. The nethod chosen for establishment is
general ly determ ned by cost, site conditions, and plant species
requirenents. In the case of |arge open areas, drilling,
broadcasti ng, or hydroseeding is by far | ess expensive than

est abl i shing vegetati on by soddi ng, sprigging, or transplanting.
In cases where the rehabilitation site is either small and or
needs qui ck establishnment, it may be nore cost and environ-
mental ly effective to use sod, sprigs, or live plants. Use

| ocal | y adapted plants and seeds, when and where possible, and
avoi d i ntroduci ng non-native species. Revegetation BMPs should
be foll owed and can be obtained fromyour |ocal NRCS office of
the USDA Pros/Cons: Mlitary friendly and | ow cost.

Mai nt enance is required after training events to fill in denuded
areas to ensure proper erosion control (Figure Bla, b, and c).

(a) (b)

Figure Bl. Revegetation

proj ect at Hohenfels, Germany
(a) prior to revegetation,

(b) after revegetation with
nonitoring for LCTA and (c)
2 years after revegetation
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Grass mats/filter strips and hedges are planted al ong the
contour on gentle to steep slopes vulnerable to erosion. The
l'iving hedges and mats can significantly reduce both erosion and
sedi nentation (Ghadiri 2001; Rodriquez 1997; Dabney 1997).
Grassed filter strips, mats, and hedges can be both | abor
consuming to plant and naintain and slowto establish. It is
critical that the appropriate species of grass be selected to
nmeet the original intent of the bioengineering erosion control
practice. Spacing for this process is also critical. Mats are
generally 15 feet or wider in width and spaced dependi ng upon
the slope. Use locally adapted plants and seeds, when and where
possi bl e, and avoid introduci ng non-native species. Information
for suitable species in an installation’s area can be found at
(http://ironwood.itc.nrcs. usda. gov/ Net dynam cs/ Vegspec/ pages/ Hom
eVegspec. htm). Pros/Cons: Mlitary friendly in that vehicles
can run over the hedges and mats w thout conplete failure of the
system It is |ow cost but w thout proper nmintenance can be a
short-termsolution to erosion. Sedinent that collects quickly
behind and within the grass can create small, unstable terraces.
Significant rain events can occasionally overwhelmthe filter
strips creating a flush of sedi nents downstream (Fi gures B2 and
B3).

Figure B2. This dormant stiff-grass hedge.helps hold training area
soil in place and is conpatible with mlitary training at Fort Hood.
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Figure B3. Gassed filter strips increase infiltration and allow
sedinents to fall out (source: USDA).

G assed waterways are shall ow watercourses with a width to depth
ratio that is usually greater than 5:1, which are used to convey
irregular flow and to shelter headwaters fromerosion. In sone
cases, it is necessary to incorporate subterranean pipe drains.
St udi es have shown that grassed waterways are highly effective
in the renmoval of sedinents and the reduction of erosion.

(Fi ener 2003; Chow 1999; Samani 2002). Pros/Cons: G assed
waterways are mlitary friendly, inexpensive to install, and are
self-sustaining. G assed waterways foster infiltration while
collecting sedinment. G assed waterways are highly effective in
conmbination with geotextiles. They are susceptible to
degradation and scour and new pl antings need to be protected
fromhigh velocity water flow until well established (Figure
B4).

Bio-filters, bioswales, and sedinent traps are either grassed
strips, riparian vegetation, and/or reedbeds that help prevent
sedi ment transl ocation. The process allows for rapid
infiltration and can hel p reduce sedi nment through settl enent of
sedinents. This nethod also allows for pollutants such as heavy
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nmetals to be contained and for phytoaccunul ati on or

phyt orenedi ati on. Pros/Cons: Cost effective and sel f-
sust ai nabl e, but can create undesirable training conditions (|ow
capacity) and take up a high volune of |and conpared with

equi val ent engi neering techniques. Wth new regul ati ons

pendi ng, installations my be allowed to utilize this approach
and “bank” the newy created area as a wetland; if so, that
woul d take the parcel out of training use indefinitely.

Figure B4. Gassed waterways hel p concentrate runoff while reducing
runoff velocity and allowing for infiltration (source: USDA).

M XED CONSTRUCTI ON
Wbody

Whody live barriers include fences, hedgerows, groynes,
sprouting brushwood nmattresses, brush grids, and wattl es.

Trees and shrubs are placed as hedgerows or fences al ong the
contour. Root devel opment can take place in a short span of
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time. Fences and hedgerows are generally used in conbination

wi th general revegetation efforts and are nost effective in
areas with gentle slopes. After they are established, they

coll ect sedinent that can help formhillsides into a series of
terraces that reduce and retain overland flow Pros/Cons: Live
fences and hedgerows are nore effective and durabl e than non-
living barriers. Can be mlitary friendly if used as a training
conponent (i.e., Tactical Conceal ment Corridor). Provides
realistic training environnent. On the other hand, they are
slow to establish and can fail when portions do not establish.
Living terraces require mai ntenance, including inspection after
every significant stormevent for the first year of
establishnment. They al so have a tendency to bal ance sedi nment
bui | dup upsl ope with soil distress directly downsl ope (Figures
B5 and B6).

—
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0 A= 1 IR P A
Figure B5. @illy erosion is shown. Note that the trees in the upper
ri ght side have hardened the soil against erosion
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Figure B6. Canp Atterbury used bi odegradabl e erosion contro

bl ankets, placed willow wattles as check dans, and planted trees al ong
a di sturbed stream bank to hel p arnor the bank agai nst erosion. Note

t he exposed roots and higher elevation of the mature tree and shrubs.

Brush mattresses, grids, and fascines are formed from sprouting
brushwood such as Salix ssp. and are effective in stream bank
protection. Brush grids are a conbination of |iving and non-
[iving woody materials. A brush grid would include placenent of
a brushwood mattress and staking at 45° angles to the mattress.
Brush grids are comonly used to stabilize a shoreline but can
be installed as living terraces on hill sl opes.

http://ww. sf. adf g. state. ak. us/ SARR/ restorati on/techni ques/ brush
mat.cfm Pros/Cons: Mlitary friendly for certain areas. Al

are quick establishers and effective at sedinent collection and
streanbank and sl ope stabilization. They are nore durable than
non-living barriers. Mintenance and repair can be required
after significant stormevents for the first year of
establishnent. They are | abor intensive to install, but
supplies are inexpensive if source material is available locally
(Figure B7).
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Fi gure-B7.

Li ve staking and bundling: For successful restoration of an
inpacted area, it is necessary to set up a restoration project
that is both self-sustaining and has a healthy genetic

di versity. \When using asexual propagation, both sexual and
genetic diversity are critical to produce a healthy plant
community (Dreesen 2003; Landis et al. 2003). When using a
nonrooted cutting for either bundling or staking, consideration
for the sex of the donor plant is necessary. Genetic
diversification is nore at issue when cuttings are taken back to
create nursery stock, as nursery stocks tend to be clones of one
i ndi vi dual and uni sex. Therefore, it is in the best interest of
the restoration effort to collect cuttings from several

| ocations and identify the cutting's sex at the time of harvest.
Pros/Cons: Mlitary friendly for certain areas. All are quick
establishers and effective at sedi nent collection and streanmbank
and sl ope stabilization. They are nore durable than non-Iliving
barriers. Maintenance and repair can be required after
significant stormevents for the first year of establishnent.
They are labor intensive to install, but supplies are

i nexpensive if source material is available locally (Figures B38—
B10) .
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Figure B8. Illustrative diagramof a wattle (Bi oDRAW)

Unrooted cuttings are branches generally under one-half inch in
di aneter and approximately 8 to 12 inches long, planted with
two-thirds of the cutting below the soil surface. Cuttings can
be trenched, slotted, or even packed by hand if the soil is

| oany enough. It is critical that good soil contact is achieved
and that cuttings are watered after placenent. This nethod has
to be done during dormancy and is generally quick and cost
effective.

Rooted cuttings are simlar in size to unrooted but have been
taken into a nursery and placed in a container to encourage
rooting. This nmethod has several cons; primarily the extra

| abor and space required. |If using rooted cuttings, watering is
necessary for successful establishment. Pros to this nethod
include a junp on establishnment, ensuring rooting success and
seasonality is not as critical.
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Figure B9. [Illustrative diagramof proper live staking
and joint planting (Bi oDRAW).

Figure B10. Live staking on a hill slope, done
during dormancy (Bi oDRAW) .
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Li ve staking is another common nethod that is generally conbined
with wattles. Unrooted |live stakes should be between 1 to 3
feet long and of a |large dianmeter so that they can be driven
into the ground with a sl edgehanmer or simlar equipnent.

Root ed stakes are approximtely 4 feet | ong and have been
established in the nursery via unrooted stakes. Unrooted stakes
are planted during dormancy whil e rooted stakes can be pl anted
during the sumrer when rooting becones difficult. Both nethods
take |l onger to establish and form a successful hedge agai nst
erosion (Figures B10 and B1l).

Whi ps are unrooted cuttings used for the formati on of brush
mattresses, live fascines, or branch packing revegetation.
Wi ps are generally 3 to 5 feet in length and should be pliable
enough to weave.

Whody wattl es are bundl es of branches, approxinmately 4 to 6
inches in dianmeter and 4 to 10 feet lengths, collected during
dormancy. Wattles forma “roll” of branches that can be
trenched and staked into the ground and then partially or fully
covered by soil. The wattles will forma continuous stand in
the spring, effectively creating a living check damthat all ows
wat er through and traps soil upslope. Wattles are qui ck and easy
to install and establish very quickly if the proper species are
selected and the climatic conditions are favorable (Figure B8).

i PR ]

3 -:- -h" 'H.-r_' # t"‘"" ;II-::.... = I*%&ﬂ. -\ fr el = in
Flgure B1l. Live staking in conblnatlon with bundles/mattles
at Fort Leonard Wod (J. Proffitt, Fort L. Wod).
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Trees reduce erosion and increase slope stability by protecting
and binding the soil. They help to rebuild soils by increasing
pernmeability and infiltration; they reduce runoff and erosion
and strengthen the soil with their roots. Trees can help reduce
wi nd erosion and provide a buffer for noise pollution.

Pros/Cons: Mlitary friendly but expensive and take a long tine
to establish. Young growh can be inhibited by conpetition with
grass turf and damage fromtraining activities.

M xed Living and Non-Living

Timber cribs and crib walls are basically a box structure nmade
out of tinber, plastic, or concrete | ogs put together |ike

Li ncoln Logs. The forns are filled with soil and or rocks to
provi de strength. They formwalled terraces on the contour and
stabilize the back slope. Vegetation easily establishes on and
between the | ogs for an aesthetically pleasing look. This is a
l ong lasting, stable reinforcenent nechanism Pros/Cons: Can
be mlitary friendly but could pose a significant safety hazard
on training areas if troops are unaware of the wall. They are
| abor intensive, expensive, and can easily blow out if not

mai nt ai ned (Fi gure B12).

Living tinber cribs are basically the same as a regul ar tinber
crib except that live branch cuttings are placed between each
course of the framng. This lattice-like configuration consists
of log franes anchored into the slope, backfilled with soil,
topped with a |ayer of cuttings, and repeated until the desired
hei ght is achieved. This process does formwalled terraces on
the contour and stabilize the back slope. Vegetation easily
establ i shes on and between the logs. Long lasting, stable

reinforcenent wall. Pros/Cons: Can be mlitary friendly but
coul d pose a significant safety hazard on training areas if
troops are unaware of the wall. They are |abor intensive,

expensi ve and can easily blow out if not maintained (Figure
B13) .

Groynes (or groins) are small dykes (or dikes) reaching fromthe
bank into the river to create a uniform streanbed. The outer
end of the groyne is the head, which has to absorb the energy of
the flowing water, and the areas between the groynes serve as a
sedi ment basin (Schiechtl and Stern 1997). G oynes are
basically | ong dykes of local materials that are used to
decrease bank erosion and slunmping. G oynes construction
mat eri al s can include any conbi nati on of stone, riprap,

concrete, or living stakes and tinbers, felled trees, etc that
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extends fromthe shore into the water to prevent beach or bank
sl opes fromwashing away. It is inperative that the spacing of
groynes al ong a stream bank not be wi der than the distance

bet ween two groyne heads on opposite banks (Schiechtl and Stern
1997). Pros/Cons: Goynes have a high effectiveness rate when
i mpl enented properly, with along |ife span, and require little
mai nt enance. Mdification during and after construction is easy
and can be low cost. During flooding and other high flow
periods, cross currents can di splace materials, undercut the
groyne, or cause erosion of the eddies (Figure Bl4).

Pl an

Si de El evati on

Figure B12. Tinber cribs should not exceed 10 feet in height.

B- 13



PWIB 200- 3-30
2 Novenber 2004

T AT Y V
Lo

A

Vs

Figure B13. Wth a living tinber crib, it is best to use rock or
gravel to hel p drainage and protect the structure and backsl ope
stability.

S

RN

S

\\‘h’t\\\\\\\\'ﬂ.\\\‘k‘&‘u\\&&-\&&

Figure B14. An illustration of groynes pl acenent.
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Rolls, Logs, and Coirs

Fi ber rolls, logs, or coirs have been devel oped to reduce
overland flow along a slope. They can be nmade of straw, hay,
shredded coconut, and other fibers bundl ed together with jute,
pol yet hyl ene, or another pliable binding material. It is common
for some conpanies to offer themw th native plants or seeds

i ncorporated into the logs for many wetl and renedi ati on efforts.
To obtain such materials, it is necessary to go with a |ocal
conpany that can nodify or construct the roll, log, or coir with
speci es appropriate for the ecosystem and sl opes. Genera
practice guidelines recormend placenent of the rolls every 15
feet along the horizontal axis and 30 feet along the vertical
axis. Another technique is logs of willow whips or cuttings
rolled up in coir mats and secured in place w th stakes.

Pros/ Cons: Can be expensive but are highly effective in
reduci ng erosion and stabilization of a slope or stream bank.
Cost is generally offset by the quick rate of vegetation
establishment and erosion control. Biodegradable materials and
soft construction make this suitable for mlitary training
(Figures B15-B18).

ADMEENT FOLLE S
FRGMTL X ARG =
Y

et it — TETRAENT, ONGUNT LTI
iy ¢ AND RATME STTOS AR
CAPTIRY T MDD SN

MAF N0 SCALE

STRAW
ROLLS

o, ik e )

e ReSwLA

Fi gure B15. Di agram showni ng
proper installnment of fiber |og,
roll, or coir (Bi oDRAW).
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Straw | og used to control sedinents on a construction
site in Col orado.

Fi gure B16.
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Figure B17. A close view of a coconut fiber |og (Bi oDRAW).

AL T T T ¥ '!T’ﬁ"r Ty v p——
— L T u

e #m & A b L R it
gure B18. Coconut fiber |og placed on contour with vegetation
( Bi oDRAWP) .

F
Rock

B-17



PWIB 200- 3-30
2 Novenber 2004

Ri prap is coarse cobbles of rock placed to protect a channe
bank or to pronote infiltration above a drain. R prap is often
stabilized with wire nmesh or vegetation. Pros/Cons: Mlitary
friendly and nost comonly used form of erosion control on
training lands. The success of riprap relies onit staying in
pl ace, which is why nmesh, geotextiles, and vegetation are often
added to ensure stability. Riprap typically fails because the
wat er runs around the riprap, scouring or undermning it until
the riprap is renoved (Figure B19).

Vegetated riprap uses vegetation root systens as the structural
strength to help bind and stabilize the riprap on the sites that
are vulnerable to erosion. Pros/Cons: It is a permanent and
sel f-sustaining structure, but may not be as strong as gabi ons
or masonry (Figure B20).

Rock weir structures are designed to serve as grade control and
create a diversity of flow velocities, while still naintaining
the bed | oad sedi ment transport regime of the stream The rise

Figure B19. Riprap used on mlitary fnstallation to harden crossing
and act as a French drain during high flows.
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Fi gure B20. Vegetated riprap di agram (Bi oDRAW) .

above streaminverts should be no nore than 10-15 percent of the
full bank height. Pros/Cons: It is a pernmanent and self-

sustai ning structure, but may not be as strong as gabi ons or
masonry (Figure B21). See (http://ww. stormatercenter. net/
Assort ed%20Fact ¥20Sheet s/ Rest orati on/ grade_control . htm) for nore
i nformation on grade control practices using |ogs and rocks.
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Figure B21. Rock weirs were used to help reduce velocity and cutting
for stabilizing a streamin Col orado (source: USDA).

Mul ches

Mul ching is the application of organic material to the soi
surface to protect it fromraindrop inpact and overland fl ow.
Mul ch absorbs the erosive inpact of rainfall and reduces the
overland flow velocity, significantly reducing soil loss froma
site. Mul ches can include grass, hay, wood chips, wood fibers,
straw, gravel, and conpost. Straw is nost commonly used as it
is cost effective and easy to apply, but it is susceptible to
wi nd di splacenent, so it nust be anchored to the soil by an
approved nethod such as a crinper. Wod chips are often used as
| andscape nul ches and in specialized applications such as when
increased water infiltration is desired. Conpost nulch can
generally be obtained for free fromthe |ocal | andscape-
recycling center, but introduction of invasive species or
contaminants is an increased risk. Conpost does not require
anchoring and wll increase soil noisture and organic content.
For further general information on nmulching, visit

http://ww. co. dane. wi . us/ conm ssi ons/ | akes/ pdf/ st or mvat er/ mul chi ng. pdf .
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Pros/Cons: Milch is generally inexpensive and will help

i ncrease organic content of soil. Soil noisture will often
increase with nulch application making it suitable for arid
areas to help increase and maintain soil noisture. Organic

mul ches provide a nutrient rich seedbed. Milch has a limted
life span, however, which varies with the material used and site
condi tions (Figure B22).

ot

Fi gure B22. Cbnposfed nufch prior to application.

Hydraulic mul ches are applied directly to an area by a hosepi pe
froma hydronul cher (Figure B23). Hydraulic nulches are in
aqueous solution containing a tacifier that causes it to stick
to the applied substrate. This process conserves soil and hel ps
retain noisture. |If seed is conbined with mulch slurry, the

mul ch will provide an environment for successful seed

germ nation. Pros/Cons: Conbined with seed and fertilizer, it
can be very effective in establishing vegetation. Wt or

hydrol yzed mul ch is highly effective on steep slopes. If the
work force is available, it could be nore econom cal to apply by
hand. Some processed nul ches commercially avail able contain
tacifiers such as pol yacryl am de (PAM), which help anchor the
mul ch to the soil surface while increasing the hydrostatic
properties of the soil. Such mul ches decrease erosion while

i ncreasing water available to the plants.
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O her mul ches such as Straw Net® can be pelletized rather than
as a “slurry” solution and can be spread by hand or sprayer.
Wth this type of mulch it is common for PAM to have been
incorporated to help in tacification and noisture retention.
Pros/ Cons: Conbined with seed and fertilizer, this process can
be very effective in establishing vegetation. It is better
suited to gentle slopes and during tinmes with slow winds. |If
the work force is available, it could be nore economcal to
apply by hand. Products with PAMw || activate when exposed to
noi sture, formng fairly uniformnetting that protects the soi
surface and seeds from erodi ng away.

Figure B23. Application of hydraulic mulch and seed at Fort
Bragg, NC.

Straw checkerboard technique: A recent article in the Journa

of Arid Environnments |ooked at the use of partially subnerged
straw for the reduction of wind erosion on sand dunes. Although
this techni que has been in use for decades, there was little
research on the efficacy of this erosion control practice.
Researchers found that placing straw vertically into the ground
approxi mately 10-20 cm above and bel ow the surface and in a 1 m
x 1 mconfiguration (or checkerboard) reduced the intensity of

B- 22



PWIB 200- 3-30
2 Novenber 2004

sand flux by as nmuch as 99.5 percent (Qu 2004). Pros/Cons:
Very | abor intensive and expensi ve. Has not been tested on
mlitary lands and no information is avail able on how suitable
this technique is for mlitary training (Figure B24).

Fi gure B24. Straw checkboard shown on a 1-mby 1-m |l ayout.

Er osi on Control Textil es

Erosi on control bl ankets are pernmanent or bi odegradable mats
designed to protect steep slopes that are susceptible to
erosion. Wven fibers (e.g., plastic [geoconposites], jute,
coconut) are used to reinforce, protect, and stabilize surfaces
until vegetation is established. Blankets can include seeds and
fertilizer to pronote vegetation establishnment on the sl ope.

Bl ankets are not to be confused with geotextiles (i.e., filter
fabrics). Made of polyners, geotextiles act as a barrier and
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filtering systemsince they can transmt water within the pl ane
of their structure (Koerner 1998). A wi de range of blankets is
avail abl e for nost purposes; careful site consideration is
necessary when selecting bl ankets. Contact a |ocal vendor for
hel p. Pros/Cons: Can be expensive, but cost is generally

of fset by the quick rate of vegetation establishnent and erosion
control. Sone installation |and nmanagers have had difficulties
with tank traffic uprooting or tearing the blankets. Proper
anchoring and mul ching is necessary to protect blankets until
vegetati on has established (Figures B25-B27, B29).

(b)

Figure B25. A soft check dam
systemon a trail sideshoulder is
shown with a pernmanent erosion
control blanket, darker tea
color, chosen for stability
(Rosenberger, Fort Carson, CO.

(c)
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P, P IIL B = S e 1 =
Fi gure B26. This nonwoven geotextile fabric was used in a | ow
wat er crossing at Fort Carson, CQ for both flow interception and
structural reinforcenent. Nonwoven geotextiles are used in areas
that are generally saturated; consult a |ocal vendor for help.

oL i
Figure B27. Inproper installation and choice
of erosion control blanket resulted in failure.
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In-soil structural mats or reinforcenent blankets are generally
per manent and are applied to either the soil surface or top
dressed with soil to reinforce root systens of vegetation on
steep sl opes or reinforced grass waterways. These systens are
general ly much nore expensive than erosion control blankets but
can tolerate higher flow velocities. Pros/Cons: Helps protect
agai nst problens during the slow re-establishment of vegetation
on steep slopes. The blankets hold the slope until woody
veget ati on becones established. The bl ankets can be expensive
and not highly effective if inproperly installed. Problens
occur when the vegetation does not devel op, but the blanket w |l
still provide some erosion control. Some installation |and
managers have had difficulties with tank traffic uprooting or
tearing bl ankets; proper anchoring and mul ching are necessary to
protect blankets until vegetation has established (Figure B28).

Figure B28. A permanent structural mat was chosen to help stabilize
this waterway and increase its |longevity (source: USDA).
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Fi gure B29. Eéhnnstration_bf-tmb di fferent blankeié, biodegradabfe
jute and synthetic polyner, indicate that the biodegradabl e bl anket

performed better. The synthetic bl anket had increased erosion
under neat h, which could have been a result of poor grading.
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Cel lul ar or Soil-Confinenment Systens

A Cel lul ar Confinenent System (CCS) is a three-di nensional,
honeyconb, earth-retaining structure used to nechanically
stabilize soil surfaces. A CCS is a permanent erosion contro
practice intended to stabilize infill materials for slope and
channel protection, |oad support, and earth retention
appl i cations. The expandabl e panel creates a cellular system
that confines topsoil infill, protects and reinforces the

pl ant’s root zone, and permts natural subsurface drainage. The
honeyconb- shaped cell s encapsul ate and prevent erosion of the
infill material. Pros/Cons: Can stabilize roads, trails,
hel i pads, slopes, etc. Provides stabilized surface for mlitary
training. Reduces erosion and soil conpaction for certain
soils. ACCSis mlitary friendly and long lasting. Can be
expensive to obtain and install. Installation is |abor
intensive and can be difficult. |If not properly installed, the
CCS can be torn or ripped out during training activities
(Figures B30 and B31).

Figure B30. A cellular confinenment systemw th geotextile is being
used to harden a helipad and tank trail at Fort Bragg, NC
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Figure B31. Cellular confinenment systemused in the construction of a
Bradley msfire revetnment.

Gabi ons are baskets or mattresses of wire filled with riprap or
stone and used as structural reinforcenent on steep slopes or in
stream channels. They can be either vegetated or unveget at ed.
Gabi ons are practical for many uses but are nost effective in
the stabilization of a large slope or in cases of high energy
overland flow. Buried or toed-in gabions can prevent gully
devel opment or create a stabilized crossing. The gabion system
all ows water to pass through while trapping sedi nent and ot her
debris. Pros/Cons: Gabion systens are a relatively

i nexpensive, reliable, and well-researched techni que. They
typically last a few years but, if they are planted w th woody
vegetation, their |lifespan can increase. They are used nost
often in slope stabilization, |arge overland flow drop
structures. and riverbank stabilization projects. Msonry
structures are generally nore effective than gabi ons because of
their higher strength, resistance to corrosion, and ability to
resist scour in riverbeds (Figures B32 and B33). Further

informati on can be found at: http://ww.abe. nsstate. edu/ csd/ NRCS-
BMPs/ pdf / st reans/ bank/ veg_r ockgabi ons. pdf.
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Figure B32. Installnment of gabions to étaﬁifiie'firiﬁg range backst op.

Fi gure B33. (Gabions were used to devel op
this drop structure (source: USDA).
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Soi | - Contouring & Buil ding

Soil -contouring is common in agricultural practices and is
defined as a process whereby soil is physically noved or shaped.
Conmon soi | -cont ouri ng net hods incl ude gradi ng, plow ng,

di sking, terracing, chaining, ripping, and pitting.

The nost practiced forns of erosion control are disking and

pl owi ng, which are used to offset and reduce rill and sheet
erosion. It is also a typical BMP in any site rehabilitation
project where an area is graded or disked to prepare seedbeds or
install filter fabrics or blankets. These soil-contouring BMPs
can be used to reduce erosion in nost areas of the country.

Soil ripping with the contour is another formof soi

contouring. This process is generally used in areas with high
conpaction and gentle slopes. Tractors will rip approxinately
6-18 inches deep by 8-16 feet in wdth along the contour.

Ri ppi ng of the area increases surface roughness and hel ps

di ssipate overland flow and energy. Pros/Cons: Quick method
for areas wwth a gentle slope. Mist be done in conbination with
seeding. Can be used quite effectively in conjunction with on-
going mlitary training. This process is expensive and requires

heavy equi prment. |If the soil is not properly ripped, the
chances for failure substantially increase. Lastly, further
soil is nmade avail able for erosion, possibly increasing

sedi nentation (Figure B34).

Fi gure B34. Deep ripper.
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Soil pitting is a nechanical surface nodification treatnent to
inprove water infiltration and retention, reduce evaporati on,
and increase surface storage and the tinme available for infil-
tration to occur. Soil pitting can doubl e absorption rates,
capture blowing litter, seeds, and fine dust, and protect
seedlings fromw nd and sand blast. The increased availability
of water in and around the pits provides suitable niches for

pl ant establishment and stinulates plant growh. For nore

i nformation on soil pitting for revegetation, see

http://ww. serg. sdsu. edu/ SERE publ i cati ons/ 99bai nbri dgel. ht m
Pros/ Cons: Quick nmethod for areas with a gentle slope. Can be
used quite effectively in conjunction with mlitary training.
Requi res heavy equi pnment. Can increase water erosion if not
properly vegetated after pitting.

Chai n di king involves dragging a chain-like inplenent, which

| eaves depressions to collect water. Rainfall or irrigation
water is trapped and stored in the depressions so that it soaks
into the soil rather than running off. Chain diking has been
found to reduce runoff and to increase yields in both dry I and
and irrigated crops. Pros/Cons: Quick nethod for arid and

sem -arid areas with a gentle slope. Can be used quite
effectively in conjunction with mlitary training. This process
i s expensive and requires heavy equi pment. Possible increase in
both wi nd and water erosion.

Terracing is forned by collection or cut-and-fill processes.
Terraces break a steep slope into small, relatively horizontal
benches that can be used for agriculture. Risers separate
terrace benches. These are protected fromerosion and failure
by vegetation or masonry. Pros/Cons: Terracing can be very
expensive and | abor intensive. Gentle terraces are military
friendly and have been used extensively at sone installation for
| and nmanagenent. Terraces have many desi gns, but each one needs
a specialized drainage systemand regular riser repair. Terrace
risers can be major sources of sedinment and can interfere with
mlitary training. Mintenance can be expensive and tine
consunm ng. Failure of terracing system can have | arge watershed
i npacts. Studies have shown that terraces and berns have a
tendency to fail due to destruction by animls, trees, vehicles,
siltation, overflow and poor design (Figures B35-B37).

Anci ent bench terraces are a type of terrace usually constructed
by hand with a rock wall to hold the soil in place. They are
difficult to construct and rmaintain and often inpossible to use
| ar ge equi pnment on or around.
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and (source: USDA).

Figure B35. Newly constructed terrace on farm
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Fi gure B36. Terraci_ng syst efn on mli t-ary- drop zone.
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Figure B37. Contrasting terracing systemw th and w t hout
vegetation, illustrating the inportance that vegetation has
in erosion control (source: |ECA).

Br oad-based terraces are very easy to construct. They are very
easy on the | andscape. Crops can be grown on the contour right
over the terrace. They are effective only on nore gentle

sl opes.

Steep back slope terraces are too steep to cultivate over them
Thus, they are permanently grassed. They often follow the
contour. They were the nost conmon type of terrace constructed
in lowa during the mddle of the 20th century.

Cont our terraces have point rows and grassed waterways and
foll ow the contour. Water tends to collect along the backsi de of
the terrace. |In sonme areas of the world, contour terraces are
used to decrease water runoff and to increase water storage in

t he soil.

Bench/ step graded terraces are constructed so that they deviate
slowy and continuously fromthe contour. This allows any water
that m ght accurul ate behind the terrace to be gently | ed away
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and allows infiltration. Bench/step terraces can be used on

sl opes of 20-50 percent and convert the land into a series of
"steps" separated by nearly vertical risers lined wth rocks or
vegetation for protection. Though |abor requirenents are very
hi gh, well-constructed bench terraces give excellent erosion
control. It is built by digging soil out fromthe eventua
"heel"” and using it to fill out the eventual "toe" area. The
riser is not vertical but has a backslope of 1/2:1. This sl ope
makes it less likely to cave in. The bench has a gentle

backsl ope to prevent water runoff over the "toe" and to inprove
sat urati on.

Ri dge terraces are a long, lowridge of earth with gently

sl opi ng sides and a shall ow channel al ong the upper side to
control erosion by diverting surface runoff across the slope
instead of permtting it to flow uninterrupted down the sl ope.
Types of ridge terraces include drai nage, narrow based, and

Ni chol's terraces. R dge terraces contrast with bench terraces.
See al so broad- based, graded, and | evel terraces.

Br oad-based terraces are a ridge-type terrace 25-50 cm hi gh and
4-10 mwide with gently sloping sides, a rounded crown and a

di sh- shaped channel along the upper side, constructed to control
erosion by diverting runoff along the contour at a nonscouring
velocity. It may be |level or have a grade towards one or both
ends.

Intermttent terraces or drains are cut at intervals down the

sl ope while retaining the original |land slope. The |and between
terraces nust be planted with a cover crop, and the terraces can
be constructed on the contour.

Level terraces are constructed on the contour and coll ect runoff

until it can be absorbed into the soil rather than continuing to
flow down the hillside or into a waterway.

Contour berns are small enbanknments constructed across a sl ope.
They run along the contour and are nost suitable in arid areas.
They are typically protected by vegetation. 1In areas of heavy
to noderate rainfall, berns have a |ow i ncline against their
upsl ope side to direct runoff. Pros/Cons: Appropriate for |ands
with grades up to 10 percent. Cannot be used in areas with
shallow soils. In India, berns have been successful in all
except areas with 2:1 clays.
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Tabl e B2. Conparison of erosion control technol ogies.
Technol ogy Pr os Cons
Li vi ng

Veget ati on

Veget ati on

Mlitary friendly and | ow
cost.

Mai nt enance is required to
ensure proper erosion
control.

Mlitary friendly and | ow
cost.

Sedi ment can col | ect behind
and within the grass creating

Grass Mats / Sﬁal!,_unstablg terraces.
Filter Strips Significant rain events_can
/ Hedges overwhel m and flush sedi nents
downstream  Short-term
solution to erosion wthout
proper nai ntenance.
Mlitary friendly, Susceptible to degradation
i nexpensive to install, and and scour, new pl antings need
Grassed §e|f—sustaining: Foster _ protection frop1high vel ocity
Wt er way's infiltration while collecting |water flow until wel

sedi ment. Grassed waterways
are highly effective in
combi nation with geotextiles.

est abl i shed.

Bio-filters &
Sedi nent Traps

Cost effective and self-
sustai nable. Wth new
regul ati ons pendi ng,

i nstallations may be all owed
to utilize this approach and
“bank” as a wetl and.

Can create undesirable

trai ning conditions and

i nvol ve a high | and-take and
| ow capacity conpared with
equi val ent engi neeri ng

t echni ques.

“Banki ng” woul d take the
parcel out of training
indefinitely.

Woody |ive
barriers

Trees & Shrubs

Li ve fences and hedgerows are
nore effective and durable
than non-living barriers.

Can be mlitary friendly if
used as a training conponent;
i.e., Tactical Conceal nment
Corridor. Provides realistic
trai ning environment.

Slow to establish, required
mai nt enance of living terrace
after every significant storm
event for the first year of
est abl i shnent .

Tend towards sedi ment buil dup
up-slope with soil distress
directly down sl ope.

Mattresses,
Wattles, Brush
Gids &

Faci nes

Mlitary friendly, quick

est abli shnent and effective
at sedi nent collection,
stream bank and sl ope
stabilization. They are nore
dur abl e than nonliving
barriers.

Mai nt enance and repair
requi red after significant
storm events. Labor
intensive to install but
supplies are inexpensive.

Li ve Staki ng
and Bundl i ng

Mlitary friendly, quick

est abl i shnent, durabl e,
effective sedi nent collection
and stream bank and sl ope
stabilization.

Mai nt enance and repair
required after significant
storm events. Labor
intensive to install but
suppl i es are inexpensive.
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Technol ogy Pr os Cons
Mlitary friendly, quick This method has to be done
Unr oot ed . :
. establishment, and cost during dormancy.
cuttings .
ef fective.
Qui ck establishnent, More costly and | abor
Root ed i nsurance of rooting success, |intensive than unrooted
cuttings and seasonality is not as cuttings.
critical
Low cost in | abor and Sl ow and unpredictabl e
Li ve Staking supplleg, resi dual benefits gstapllshnent, high nortality
fromfailed stakes. in first two seasons.
Potential safety hazard.
Qui ck, inexpensive, and Can quickly dry out and have

Wi ps

mlitary friendly.

signi ficant undercutting.

Wbody Wattl es

Mlitary friendly; quick and
i nexpensive to install.

Can quickly dry out and have
signi ficant undercutting.

Tr ees

Mlitary friendly and | ong
lived.

Expensive and slow to
establish. Young growth can
be i nhibited by conpetition
and damage fromtraining
activities.

M xed Living &

Non- Li vi ng

Can be nmilitary friendly, Can pose a significant safety

long lasting, blends with hazard on training areas if
Tinber Cribs & | environnment and provides troops are unaware of the
Crib Walls beneficial habitat for wal | . Labor intensive,

veget ati on. expensi ve, and easily bl own

out if not maintained.
Can be mlitary friendly, Significant safety hazard on

Li ving Ti nber
Cribs

long lasting, blends with
envi ronnment and provides
beneficial habitat for
veget ati on.

training lands if troops are

unaware of the wall. Labor
i ntensi ve, expensive, and
easily blown out if not

mai nt ai ned.

Groynes

Hi gh effectiveness rate, |ong
life span, easily nmodified
and require m ni mal

mai nt enance when i npl ement ed

properly.

During fl oodi ng and ot her
hi gh fl ow periods cross
currents can displ ace

mat eri al s, undercut the
groyne or cause erosion of
t he eddi es.

Wattles & Logs

Fi ber 1ogs /
Wattles /
Coirs

Hi ghly effective in reducing
erosion and stabilization of
a slope or stream bank. Cost
is generally offset by the
qui ck rate of vegetation
establishment and erosion
control. Biodegradable

mat eri al s and soft
construction make this
suitable for military

traini ng.

Can be expensive and require
mai nt enance and repair after
significant storm events.
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Technol ogy Pr os Cons
Rock
Mlitary friendly, effective | Can fail due to scouring
Ri prap and !ong_liveﬁ especially in and/ or under m ni ng.
combi nati on wi th mesh
geotextiles and vegetation.
Veget at ed M Iitary_friendly, Nhy_not be as strong as
riprap i nexpensive, permanent, and gabi ons or nmasonry.
sel f-sustai ning structure.
Can be nmilitary friendly, May not be as strong as
Rock Weirs i nexpensi ve, permanent, and gabi ons or masonry.
sel f-sustai ning structure.
Mul ches

Mul ch (Straw,
exp)

Ceneral |y i nexpensi ve,

i ncreases organi c content of
soil, retain soil noisture,
provides nutrients and is
mlitary friendly.

Mulch has a limted life
span, which varies with the
mat eri al used and site
condi tions.

Mlitary friendly,
i nexpensi ve, fast and
effective when conmbined with

Mul ch with tackifiers can be
difficult to work with, and
start-up cost of equipnent is

?ﬁ?gﬁloglc seed and fertilizer. Can expensi ve.
i ncrease soil noisture and
decrease wi nd and water
er osi on.
Mlitary friendly, This process is better suited
i nexpensi ve, fast and to gentle slopes and during
effective when conbined with times with sl ow wi nds
O her nul ch seed and fertilizer. Can
i ncrease soil moisture and
decrease wi nd and water
er osi on.
Highly effective in arid Very | abor intensive and
environnents with dune expensive. Has not been
Straw formati ons. tested on military | ands and

Checker boar ds

no i nformati on on how
suitable this technique is
for mlitary training.

Er osi on
Contro
Textiles
Can be expensive, but cost is | Sone installation |and
Er osi on generally offset by the quick | managers have difficulties
control rate of vegetation with tank traffic uprooting
bl anket s est abl i shment and erosion or tearing blankets.
control .
Long |l asting erosion control, | Can be expensive and not
| n-Soi | mlitary friendly and highly effective if
provi des protection during i mproperly install ed.
structural .
ol astic t he slom/re-establlshnent of Problen; occur when the
vegetati on on steep sl opes. veget ati on does not devel op
bl anket s ) ;
but the blanket will stil

provi de sonme erosion control
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Technol ogy Pr os Cons
Sone installation |and
managers have had
difficulties with tank
traffic uprooting or tearing
bl anket s.
Nonper manent bl anket, Tenporary structure that can
bi odegradabl e, effective be expensive and not highly
| n- Soi | erosion control, and mlitary | effective if inproperly
: : friendly. installed. Some installation
organi ¢ fiber | and managers have had
bl anket s 9

difficulties with tank
traffic uprooting or tearing
bl anket s.

Cel lul ar or

Soi | -
Conf i nenent
Syst ens
Many uses and | ong | asting. Initially expensive to obtain
Provi des stabilized surface and install. Installationis
Cel | ul ar for mlitary training. | abor intensive and can be
Conf i nenent Reduces erosion and soil difficult. |[If not properly
System conpaction for certain soils. |installed, the CCS can be
torn or ripped out during

training activities

Gabi on Systens

Rel atively i nexpensi ve,
reliable, and well-researched
techni que. They typically

|l ast a few years, but if they
are planted wi th woody

Masonry structures are
generally more effective than
gabi ons because of their

hi gher strength, resistance
to corrosion and ability to

vegetation their lifespan can | resist scour in riverbeds.
i ncrease.
Soi | -
Contouring &
Bui | di ng
Quick method for areas with a | Process is expensive and
gentle slope. Mist be done requi res heavy equiprment. |f
in conbination with seeding. not properly ripped failure
Soi | Ri pping Can be used quite effectively | substantially increase.
in conjunction with ongoing Makes avail able soil for
mlitary training. erosi on, possibly increasing
sedi nent ati on.
Quick method for areas with a | Requires heavy equi pnent.
gentle slope. Can be used Can increase water erosion if
Soil Pitting quite effectively in not properly vegetated
conjunction with military af t erwar ds.
training.
Quick method for arid and This process i s expensive and
sem arid areas with a gentle | requires heavy equi pnment.
Chai n Di ki ng sl ope. Can be used quite Possi bl e increase in both
effectively in conjunction wi nd and water erosion
with military training.
Terraci ng Centle terraces are nilitary Terraci ng can be very

friendly and have been used

expensi ve and | abor
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Technol ogy

Pr os

Cons

extensively at sone
installation for Iand
managenent. Per manent
erosion control when

mai nt ai ned. Provides
realistic training
environnent on drop zones.

i ntensive, require regul ar

mai nt enance. Terrace risers
can be mgj or sources of

sedi nent and can interfere
with mlitary training. Tend
to fail due to outside

i mpacts. Failure of
terraci ng system can have

| arge wat ershed i npacts.

Cont our Berns

Appropriate for lands with
grades up to 10% Highly
effective and mlitary
friendly.

Not appropriate for areas
with 2:1 clays. Cannot be
used in areas with shall ow
soils.
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Appendi x C. Biol ogi cal Engineering Lessons Learned

Thi s Appendi x highlights just a few of the exceptional and
i nnovative efforts of installation | and nanagers to contr ol
erosi on wi th biol ogi cal engi neering techni ques.

Most installation |and managers have used sone form of soft
erosion control such as seeding, geotextile fabric, nmnulches,
erosi on control blankets, trees, and riprap. Generally, the
reason bi ol ogi cal engineering techni ques were selected for use
was due to the cost of conventional construction and/ or the
unsuitability of conventional nmethods to the mlitary training
m ssion and troop safety. Many | and managers have wor ked
together with the NRCS, U S. Fish and Wldlife Service (FW),

| ocal universities, and other researchers to devel op and

i npl ement erosion control plans that incorporate both

bi oengi neering and civil engineering nethods that would be
suitable for the type of training taking place on that

install ation.

At Fort Bragg, NC, home of the 108" Airborne Division, the drop
zones (DZs) are on highly erodable sandy soils. At both Sal erno
DZ and Sicily DZ, erosion had produced gullies as large as 30
feet wide by 20 feet deep, with sediment runoff polluting nearby
forests and wetl ands. These areas were placed off-limts for
training due to the dangerous field conditions. Previous |and
rehabilitation efforts at Sicily DZ followed a traditional hard
conservation approach using terraces, riprap in drai nage ways,
and a downstream sedi nent basin. This approach, though effect-
tive and durable, was cost prohibitive, and the placenent of
riprap and sedi ment basins was not conpatible with training | and
use. Fort Bragg then installed a series of terraces and grassed
wat erways to provide optimal training conditions. The terracing
system has ensured troop safety while reducing erosion and

sedi mrentati on of the DZs and surroundi ng sensitive areas. Fort
Bragg's soil conservationist Craig Lantz said in a personal
conversation, "W gained two advantages. W're able to control
the erosion and the design is mlitary friendly. There's
nothing to injure soldiers when they drop into the area.”
Sim | ar approaches have been inplenented after the success of
the first denonstrations across Fort Bragg to help control and
manage erosion (Figures Cl and C2).
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Figure C1. Drop zone at Fort Bragg, prior to terracing and seedi ng.
Terraci ng and grassed waterways were al so successfully used at
Fort Leonard Wod in 1998. An old rock quarry had been

previ ously seeded in hopes of stabilizing the side slopes with
grades ranging from 10 to 40 percent. Seeding failed and
stabilization of this area required a nore construction-oriented
solution. Wth help fromthe | ocal NRCS, the Environnent,
Energy, and Natural Resources Division of the Directorate of
Public Wrks (DPW devel oped a suite of terraces and grassed

wat erways that reduced the overland fl ow and speed while
providing a stabilized area for training. This approach to
erosion control allowed Fort Leonard Wod to get a handle on the
area without the use of expensive concrete structures. Nore

i nformati on can be found at:

http://ww. forester.net/ec_0003 _profile_denolition.htn

Fort McPherson, GA, and the U S. Arny Engi neer Research and
Devel opnent Center’s Construction Engi neering Research
Laboratory ( ERDG CERL) established a conbinati on net hod
utilizing gabions, geotextile fabric, vegetation, and soil to
reestablish and stabilize a historical Qualification Training
Range (QTR) (Denight et al. 1999). The QIR was situated so that
t he backstop was actually an eroding hillside, with housing on
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top. To stabilize the range’ s backstop, the hill slope face was
shored up with a graduated series of gabions filled with 3-6
inch riprap. The gabi ons were protected fromthe hill sl ope

soils with various geotextiles so that ERDC-CERL coul d eval uate
performance. A new backstop and i npact berm were constructed
with local soils of varying clay content, sone of which were
treated with PAM The face of the bermwas then vegetated with
zoysia grass (Zoysia matrella) sod. This system has held up
very well, and the design has been utilized at other firing
ranges. Figures C3 and C4 show the before and after
construction progress of the QIR

Figure C2. Drop zone at Fort Bragg, after terracing and seeding.
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Figure C3. Pictures of Fort NtPheréon backstop fron1front and S|de
angles prior to stabilization.

ilr'ﬁl

Figure C4. Fort NtPheréon backstdp fronifront and side angl es
during and 1 year after stabilization.
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At Fort Hood, TX, the Land Rehabilitation and Mi ntenance (LRAM
Coordi nator is addressing an erosion problemthrough a conbina-
tion of techniques including deep contour ripping, riprapped
checkdans and wat erways, grassed waterways, overseeding, and
shal | ow sedi nent basins within Training Area (TA) 42. These
erosi on control practices were used not only for their
effectiveness in controlling erosion and sedi nent transport but
also for the realistic training opportunities that were

provi ded. Troops can easily and safely naneuver over and around
t he erosion control applications. Training and other |and uses
wer e suspended both prior to and after construction to help
facilitate the erosion control plan. This nmulti-year effort was
finished during the sumrer of 2003 and is still in the young
stage, but a marked difference in water quality has been seen.
Ongoing water quality research dowmstreamin TA 52, conducted by
Texas A&M University, has seen up to a 95 percent decrease in
suspended sedi nents since the placenent of the erosion control
plan. This research has been insightful and has lead to further
i nvestigation of existing erosion control managenent practices
on Fort Hood training lands. Figures G5 and C6 were taken
during and after June 2003 construction.

Figure C5. After-construction photograph of check danms in
TA 52 that have hel ped reduce soil erosion while keeping
the TA open (D. Jones, Fort Hood).
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Figure C6. Elevated view of Fort Hood TA after soil contour ripping
and after installation of check dam system

Fort McCoy was the test site in 1995 for a trail stabilization
trial that included chunkwood technol ogy fromthe U S. Forest
Service, various trail stabilization devices avail able
comercially, logging slash, shredded tires, and geotextile
fabric. The primary concern was to stabilize thaw ng roads in
the spring. ERDC s Col d Regi ons Research and Engi neering
Laboratory (ERDG CRREL) oversaw the project, reported on
results, and produced a video on the trafficability of the
various techniques. After initial testing of trafficability,
researchers stabilized the disturbed trails with the chunkwood
met hod, which is sinple and highly effective and perforns nore

or less as a tenporary French drain. Infiltration was inproved
and stabilization of the trail was achieved. Fort MCoy has
mai ntained the trail with a top dressing of gravel. This quick

and sinple nmethod is highly effective, mlitary friendly,
i nexpensive, and has |lasted nmuch | onger than originally
anti ci pat ed.

Installations that have used cellul ar confinenent systens, also

known as geogrid, for stabilization of side slopes and/ or trai
systens include Canp Atterbury, IN Fort Bragg, NC, Fort Bliss,

C-6



PWIB 200- 3-30
2 Novenber 2004

TX; etc. Canp Atterbury used geogrid to harden heli pads,
runways, primary and secondary roads, and in the | atest project,
the construction of a Multi-Purpose Traini ng Range (MPTR).
Figures C7 and C8 were taken of the backside of an inpact berm
at Canp Atterbury. The entire MPTR berm system was constructed
out of geogrid. At Fort Bragg, trails within DZs were
stabilized by the LRAM group. At Fort Bliss, range trails were
al so successfully stabilized with geogrid.

Figure C7. MPTR bermconstructed entirely out of GeoWeb® Due
to difficulties establishing vegetation, excessive rill and
sheet erosion has occurred along the face of the berm

Fi gure C8. Backside of the R berm Many of the berns
were conposed of over 40 layers of GeoWeb® obtained by
Canp Atterbury after Operation Desert Storm
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Mul tiple installations such as Leonard Whod, Bragg, Atterbury,
Camp McCain, MS, Canp Shel by, AL, etc, have all used one formor
anot her of live posting, wattling, and bundling of various
native shrub and tree species for |low-1ying areas and streanbank
stabilization. Fort Leonard Wod, with help fromthe | ocal

NRCS, was able to stabilize an area that had caused sedi nent
probl enms and TA access in the past with placenent of woven
willowwattles and posts of |ocally adapted and obtained w |l ows
(Salix ssp). Figures C9 and C10 denonstrate the installation of
both the wattles and |live posts. This project was very
successful and has been repeated at several other sites within
Fort Leonard Wood. Oher simlar projects at Fort Leonard Wod
i ncl uded stabilization of a gravel bar and streanmbank with the
use of ninebark (Physocarpus (Canb.) Raf.) and Ozark wi tchhazel
(Hamanel is vernalis Sarg.). Al of these projects succeeded and
were acconplished with little training, cost, and tine.

R i ERY A3 5 ¥ 5 s TR
gl oL O R

e b ;-!Awau. : 24
Flgure C9. Installation of mattle and post systen1along a sedlnent
basin at Fort Leonard Wod (J. Proffit, Fort Leonard Wod).
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Figure C10. Sprouting has occurred 45 days after installation of
wattl e and post system(and 3.5 inches of rain) on Smth Branch TA 244
at Fort Leonard Wod.

Fort Pol k, LA, was experiencing heavy erosion and subsequent
sedi mentation of sensitive areas on and adjacent to training

| ands. The NRCS established living hedges of Vetiveria

zi nzi noi des, Sunshine var., a non-native stiff hedge grass, on
several TAs to control runoff and sedinents. These hedges have
been in place since the early 1990s, are still effectively
reduci ng erosion and sedi nentation, and are very conpatible with
both light and heavy mlitary training. The use of native stiff
grass hedges, i.e., switchgrass (Pani cumvirgatum, has al so
been i nplenented at other installations with simlar results.

In conjunction with stiff grass hedges, many installations have
installed alternating |ive grass mats and/ or grassed waterways
to help reduce flows while capturing sedinents. All of these
techniques are conpatible with nost mlitary mssions with m nor
mai nt enance such as re-seeding after tracked vehicle training.

Beachfront erosion is another problemfor one mlitary
installation. Fort Story, VA, used native grasses and a sand-
filled “geotube” in 1997 to stabilize sensitive sand dunes and
beach front that were eroding away due to storns, wave action,
and wi nd erosion. Native grasses such as sea oats (Uniola
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pani culata L.) stabilized the back and top sl opes of the eroding
dunes, while the “geotube” was toed into the dune and has hel ped
preserve the toe of the dunes and build up the beach. The use
of soft engi neering techniques has enabled the Arny to restore
the sensitive areas and beach that provide anphibi ous training
for soldiers.

Over 75 percent of Departnment of Defense (DoD) land is in the
arid sout hwest where wi nd erosion predom nates. At Yuma Proving
Gound (YPG, AZ the Integrated Training Area Managenent (I TAM
director and |l ocal NRCS soil conservationist used straw bales to
reduce wnd erosion at a critical land reclamation area. Bales
were placed on the soil surface in a horseshoe shape, creating a
mcroclimte to help protect and support newy planted
vegetation. After 10 years, the bales are still in place and
show little signs of degradation or deconposition. |Illustrated
in Figures Cl1 and Cl2 is evidence of deposition in front of the
bal es, indicating that w nd speeds at the surface have sl owed
enough to allow | arger particles to fall out and accunmulate. In
a nore humd environnment, soil formation would be an indirect
result of this type of deposition. This concept is extensively
used in humd regions for both wind and water erosion control,
primarily by the state Departnent of Transportation and by

private construction for sedinment control. |If bales are
properly toed into or buried into the soil, the surface water
and wind floww Il reduce, allow ng settling of sedinents and

wi nd borne particles.

Figure Cl1. YPG used straw bales for protection
of a critical planting area (Mrrill, YPG.
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Figure Cl12. C ose-up of bales shows that little degradati on has
occurred over the years, but sedinment has accumul ated at the base of
the bales (Mrrill, YPG.
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EROCSI ON CONTRCL CHECKLI ST

A few things need to be planned for and consi dered when

determ ning the best course of action for erosion control of a
site. Proper planning and inplenentation will save noney, tine,
and the environnent.

Det ermi ne cause of erosion or site failure (e.g., inproper
road construction, trail placenent, vehicles, upstream
contributions, etc.)
btain site data: ground survey, topographical maps,
aeri al photographs, and soil survey.
Performa site investigation.
- Ceol ogi cal and hydrogeol ogi cal survey
- Vegetation evaluation, and determne if any species are
t hr eat ened or endanger ed.
Know | ocal , state, and Federal regulations for permtting —
engage associ ated groups and properly budget tinme for
perm tting.
- Obtain |legal docunents for project:
= 404 Permts
= 401 Permts
= State Erosion/Sedinent Control Permt
Optim ze and utilize Engineering, Department of Natural
Resources (DNR), and Departnent of Public Wbrks.
| nvol ve the Cultural Resources group in initial site
i nspections and design plans to avoid any disturbance to
archeol ogi cal and other culturally significant sites.
Al sites are characterized by their drainage; a system

will revert back to its natural flow or course, and this
nmust be kept in m nd when restoring or rehabilitating a
site.

- Try to incorporate the natural water flow within the
design to help retain and maintain the natural drainage

pattern.
- Maintain or restore the natural hydrol ogy of the area.
- Channeling of a natural systemw || fail; keep within the

nat ural neandering w dths of your system
- When working in a stream system always retain the
original streanbed el evati on when and where possi bl e.
Start rehabilitation of an area, if possible, at the source
of the probl em
- Rehabilitating an area down watershed or downstream may
not succeed if the source of the problemis upstream or
up wat er shed.
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- Address first the downcutting before the sidecutting in
gully erosion control.

Fit the design, if possible, to the existing topography,

soils, and vegetati on.

Use, when and where possible, locally adapted native

vegetation that is suitable for the project.

- I f using non-native species, check to nake sure that it
is not an invasive species regulated by either state or
Federal | aw

| f using a biotechnical nethod, plan for the construction

accordingly.

- Refer to your local nursery, NRCS, DNR manual, etc for
appropri ate species sel ection, species requirenments, etc.

- Determne if the conditions of the rehabilitation site
are appropriate for the sel ected vegetation.
= Sunlight
= Sl ope aspect
= Soil noisture
= Recovery and establishnent tine

- Collect species during dormant periods, keeping in mnd
mal e/ femal e rati os.

- Plant species when opti nal.

- If conditions are unfavorable, plan for suppl enental
irrigation.

M ni m ze di sturbance when i npl ementing your design.

- Do not renove trees, roots, or other fornms of vegetation
unl ess absol utely necessary.

| npl enment BMPs.

- Mnimze slope steepness.

- Always reseed and nul ch di sturbed areas as soon as
possi bl e.

- Use geotextiles and erosion control mats; in the |long run
the cost is inconsequential.

Devel op an erosion and sedi nent control plan for during and

after construction.

- Use sedinment basins, barriers, or traps (straw bales,
mul ch, silt fencing, coconut coirs, etc) during and after
construction to help keep sedi nent onsite.

Set goal for success.

Devel op backup plans for failure or damage of the system

Devel op post -restorati on mai ntenance and nonitoring plans.

Docunent design, permts, and surveys along with before and

after site rehabilitation photographs or neasurenents.
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Practice the 4 Ds (from Bi oDraw 2.0):

Decrease (decrease velocity and anount of runoff by
reduci ng gradi ent and increasing detention)

Detai n (decrease flow velocity and amount by tenporary

st or age)

Divert (route flow away fromcritical areas)

Di ssi pate (increase sinuosity or channel |ength, increase
channel wi dth, spread flow out, pass flow over baffles or
roughened surf ace)
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Appendi x D: Resources

Gener al

Erosi on Control - magazi ne website
http://ww. forester. net/ec. htn

I nt ernati onal Erosion Control Association — This organi zation
provi de a conprehensive listing of avail able resources for
erosi on control.

WWW. i eca. org

Land and Water: The mamgazi ne of natural resource managenent and
restoration
http://ww. | andandwat er. com

USDA' s Natural Resources Conservati on Services —
http://ww. nrcs. usda. gov

USDA' s Agricul tural Research Services —
http://ww. ars. usda. gov/ resear ch/ prograns. ht m

Enmergency Stabilization Treatnents
http://fire.r9.fws.gov/ifcc/Esr/ Handbook/defaul t. htm

State websites for erosion and sedi nent controls and regul ati ons
can generally be found under the state Departnent of Natural
Resources, Water Quality, or Department of Transportation. |If a
state does not have its own handbook for erosion control
practices, refer to the general NRCS erosion control practices
or the NRCS “Natural Resource Conservation Laws” at:
http://ww. nrcs. usda. gov/

http://ww. nrcs. usda. gov/ techni cal /references.

Al abama
http://swcc. state. al . us/pdf/ ASWCCY20June?%202003%20Al abana%20Hand
book%20Const ruct i on%20E&S%20Cont r ol . pdf

Al aska
http://ww. dced. st at e. ak. us/ dca/ nfi p/ pub/ NFI P_Pol i cy. pdf

Ari zona
http://ww. wat er. az. gov/ adw/content/ I nfoCentra
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http://ww. swcc. state. al . us/erosi on_handbook. ht m

California
http://ww. sw ch. ca. gov/ st ormat r/ docs/ bnp. pdf

Col or ado
http://geosurvey. st ate. co. us/ pubs/ geohazards/ docs/ | ocal . asp

Connecti cut
http://dep.state.ct.us/olisp/ manual / manual secti onl. pdf

Del awar e
http://ww. dnrec. state. de.us/dnrec2000/ Li brary/ NPS/ NPSPI an. pdf

Fl ori da
http://ww. dep. state. fl.us/water/nonpoint/ero_man. ht m

Ceorgi a
http://ww. dnr.state.ga.us/dnr/environ/rules_files/exist _files/3
91-3-7. pdf

Hawai i
http://ww. state. hi.us/dlnr/occl/files/coenmap. pdf

| daho (N A)
I[11inois —See |Indiana

| ndi ana

http://ww. in. gov/dnr/water/surface_water/Drai nageHandbook/ | oad.
ht m

| owa

http://ww. dot.state.ia.us/construction/ctre_erosion_files/frane
. htm

Kansas
http://ww. | rrb. gen. m. us/ PDF/ 200308. pdf

Kent ucky - Fi el d Handbook Erosion and Sedi nent Control of
Construction Sites Division of Conservation and Division of
Water, NREPC — in preparation.

http://ww. conservation. ky. gov/ educati on/

Loui si ana
htt p:// coast al managenent . noaa. gov/ cznl 6217/ fi ndl a. t xt - Under
work. http://nonpoint.deq. state.la.us/nmanagel0. ht n
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Mai ne
http://ww. st at e. ne. us/ dep/ bl wg/ docst and/ escbnps

Mar yl and

http://ww. nde. st at e. nd. us/ Progr ans/ WAt er Pr ogr ans/ Sedi ment andSt o
rmvat er / publ i cati onsLi st/ index.asp “1994 Maryl and Standards &
Specifications for Soil Erosion & Sedinent Control”

Massachusetts - “Massachusetts Erosi on and Sedi nent Contr ol

GQui del i nes for Urban and Suburban Areas” - Massachusetts
Associ ati on of Conservation Districts - 978-692-9395

M chi gan
http://ww. m chi gan. gov/ deqg/ 0, 1607, 7- 135-3311 4113---, 00. html

M nnesot a
http://ww. nmetrocouncil. org/ environnent/Wat er shed/ BMP/ manual . ht m

M ssouri — County-driven; here are a few exanples:

http://ww. ci.st-]oseph. no. us/ publicworks/erosion_control. pdf
htt p: // www. gocol unbi ano. conf Counci | / Col unbi a_Code_of _Ordi nances/
Chapt er 12A/i ndex. ht m

www. nodot . st at e. no. us

M ssi ssi ppi — “M ssissippi State Best Managenent Practices”
http://abe. nsst at e. edu/ csd/ NRCS- BMPs/ cont ent s. ht m

Mont ana — Uses NRCS technical guides

Nebr aska
http://ww. upper bi gbl ue. or g/ pages/ pdf / Rul ebk8. pdf

Nevada — City- and county-driven; this website is for |aws,
regul ati ons, and acceptable erosion limts for the State of
Nevada. http://ww. | eg. state. nv. us/ NRS/ NRS- 528. ht m

New Hanpshire

htt p: // www. newi pswi chcc. or g/ bnp. ht m

“Best Managenent Practices for Erosion Control During Trail
Mai nt enance and Construction”. 1994. New Hanpshire Depart nent
of Resources and Econom c Devel opnent

“Best Managenent Practices for Erosion Control on Tinber
Harvesting Operations in New Hanpshire.” 1997. New Hanpshire
Departnment of Resources and Econom c Devel opnent, Division of
Forests and Lands Soci ety of New Hanpshire.
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New Jer sey
http://ww. state.nj.us/agriculture/rural/soilact75. htm

New Mexi co
http://ww. nm nacdnet . or g/ pagel0. ht n

New Yor k
http://ww. dot. st ate. ny. us/eab/ epni 4- 3erosi . pdf

North Carolina
http://ww. dlr.enr.state.nc. us/eropubs. htni

Nort h Dakot a
http://ww. ag. ndsu. nodak. edu/ abeng/ | i nks/ soi | andwat er . ht m#Soi | %2
OEr osi on

Chi o — County handbooks

htt p: // ww. | akecount yohi 0. or g/ soi | / ESC%20Mdel %200 di nance. pdf
htt p:// ww. ccao. or g/ Handbook/ hdbkchap092. pdf

http://ww. bright.net/~swed/reg. htm

Ckl ahonma

http://ww. okcc. st ate. ok. us/ NPSMP_fi nal _draft. pdf

M chel l e Dol an - Ckl ahoma DOT — Erosion & Sedi nent Coordi nator -—
405-521-6771 ndol an@dot . org

Oregon
http://ww. odot. state. or.us/contractorpl ans/ Manual Submi t Or der . ht
m

Pennsyl vani a
http:// ww. dep. st at e. pa. us/ dep/ subj ect/rbi/102. ht m

Rhode Isl and - Rhode |Island Soil Erosion and Sedi nent Contr ol
Handbook, USDA-SCS. Rhode |Island State Conservation Committee.
1989.

Sout h Carolina
http://ww. scdhec. gov/water/regs/r72-101. doc

Sout h Dakota — Erosion Control Mnual, South Dakota Depart nent

of Transportation. 2000.

http://ww. sddot . conf docs/ nanual s/ Er osi onCont r ol Cover andTabl eof C
ont ent s. pdf

http://ww. sddot . com docs/ manual s/ Er osi onCont r ol Manual . pdf
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Sout h Dakota Codified Laws & Constitution
http://legis.state.sd. us/statutes/index.cfnFuseActi on=Di spl aySt
at ut e&Fi ndType=St at ut e&t xt St at ut e=38- 8A

Tennessee

http://ww. state.tn. us/environnent/wpc/
http://ww.tennessee. gov/ envi ronnent/wpc/ sed_er o_control handbook
/

Texas — “Storm Water Managenent Handbook for Construction
Activities”. Stormmater Managenent Joint Task Force, PO Box
131006, Houston TX 77216.

http://ww. dot. state.tx.us/env/default.htm

Ut ah

http://ww.ci.west -

val l ey. ut.us/citycode/ West _Vall ey City Minicipal Code/Title 18/7
/i ndex. htm

Ver nont
http://ww. anr. state. vt. us/dec/ wat erq/ stormvat er/ ht nf sw_er osi onh
andbk. ht m

Virginia
http://ww. dcr. state.va. us/sw e&s-ftp. htm
http:// ww. vdof. org/ wg/ i ndex-bnp-fgui de. sht m

Washi ngt on
http://ww. wsdot . wa. gov/ eesc/ desi gn/ desi gnst andar ds/ HTM TOC. pdf

West Virginia - Best Managenent Practices for Controlling Soil
Erosi on & Sedi nentation, State of West Virginia Forestry

Di vi si on. 2001.

http://ww. wforestry. coml ¥28F%29BMPs. pdf

http://ww. wdot . coni../engineering/files/ 200/ DD204. pdf

W sconsin
http://cl ean-wat er. uwex. edu/ pubs/ sheet s/ wor ksheet . pdf
http://ww. dot.w sconsi n. gov/ busi ness/ engrserv/ pal . htm

Wom ng — (N A)
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Web- based Resources for Pl anning:

SedSpec is an expert systemthat wll assist you in anal yzing
runof f and erosi on problens on your site. The analysis wll
provi de i nformati on about different types of runoff and erosion
control structures. Also, SedSpec will provide custom zed
drawi ngs of the structures, and there is limted interaction,
which allows you to determ ne what size structure fits your
needs. Keep in mnd that these draw ngs are rough esti nates,
and you should contact qualified personnel to determ ne exact
speci ficati ons.

http:// pasture. ecn. purdue. edu/ ~sedspec/ sedspec/title.shtm

VegSpec i s a web-based deci si on-maki ng tool for the devel opnent
of site-specific revegetation efforts. It utilizes soil, plant,
and climate data to sel ect plant species that are site specific,
practical and appropriate for a variety of applications

i ncludi ng restoration, erosion control, etc. VegSpec the
program can be accessed at the bel ow website.
http://aec.arny. m | /usaec/technol ogy/ conservati on07. ht ni

Statenments of Wirk (SON — The Fish and WIldlife Service has
devel oped a practical SOWNfor general biological engineering.
The SOWi ncl udes general contractor guidance for construction of
riprap, cribs, gabions, etc, and estimation sheets for the Land
Manager. This resource could prove useful for a Land Manager to
use in the devel opnment of a SOW for outsourcing and contracting
| and rehabilitation work on their installation.

http://ww. fs. usda. gov/r9/about/docs/fs-road/ 250. pdf

Recomended Books on Soil Bi oengi neering and Erosion

a. Abranson L.W, T.S. Lee, S. Sharma, and G M Boyce.
2001. Slope Stability and Stabilization Methods. John Wley &
Sons, Indianapolis, IN, pp 513-582.

b. Agassi, Menachem 1996. Soil Erosion, Conservation, and
Rehabilitation. Marcel Dekker, Inc., New York.

c. Charman, P.E. V. and B.W Mirphy. 1991. Soils Their
Properties and Management, 2"% ed. Oxford University Press.

d. Gay, DH, and R Sotir. 1996. Biotechnical and Soi
Bi oengi neering Sl ope Stabilization. John Wley & Sons, New York,
NY.

e. Haigh, Martin J. 2000. Reclainmed Land: Erosion Control,
Soils and Ecol ogy. A. A Bal kema Publishers, Brookfield, VT, pp
93-129.
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f. Koerner, RM 1998. Designing with Geosynthetics, 4th
ed. Prentice Hall Publishers, Upper Saddle River, NJ.

g. Schwab, G O, D.D. Fangneier, WJ. Eliot, and R K
Frevert. 1955. Soil and Water Conservation Engineering, 4'" ed.
John Wley and Sons, Inc., New York, NY.

h. Toy, Terrence J., George R Foster, Kenneth G Renard.
2002. Soil Erosion: Process, Prediction, Measurenent, and
Control. John WIley and Sons, Inc., New YorKk.

i. Wttler, RJ., S.D. Keeney, D.R Eby, and D.L. LaG one.
1997. “Buil ding Banks on Muddy Creek with Barbs,” Managenent of
Landscapes Di sturbed by Channel Incision: Stabilization-

Rehabi | itati on- Restoration, pp 549-554.

Land Managenent and Erosion Control Laws and Regul ati ons

NEPA 1969: http://ceq.eh. doe. gov/ nepal/ regs/ nepal nepaeqi a. ht m
Cl ean Water Act 1972: http://ww. epa. gov

Soil and Water Conservation Act 1977:
http://ipl.unm edu/ cw /fedbook/ soi |l wat e. ht n

Clean Air Act 1990: http://ww. epa. gov

Si kes Act: https://ww.deni x. osd. m |/ deni x/ Public/ES-
Pr ogr ans/ Conser vat i on/ Laws/ si kes. ht ni

Arny Regul ation (AR 200-3:
http://ww. usapa. arny. m | /pdffil es/r200_3. pdf
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