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CHAPTER 4
ENVI RONMVENTAL CONSI DERATI ONS FOR DESI GN

4-1. Ceneral. This chapter presents concepts and design criteria for fea-
tures and techni ques that nmay be used to inprove the net environnental effect
of a channel nodification design. Environnental effects of channel projects
are outlined in Chapter 2, and considerations for prelimnmnary design are dis-
cussed in Chapter 3. Detailed design criteria do not exist for nost environ-
mental features due to the limted base of experience and the conplexity of
environnental effects; therefore, considerable creativity and professiona
judgment are required. Furthernore, the gui dance contained herein supplenents
but does not replace any of the existing guidance for hydraulic design, such
as EM 1110-2-1601 and the Hydraulic Design Criteria (HDC). Detail ed hydraulic
design often requires use of physical or mathematical nodels. The gui delines
bel ow shoul d be used by a nultidisciplinary team conposed of environnent al
prof essi onal s and desi gners. Nonstructural approaches such as |and treatnent,
fl oodpl ai n managenent, fl oodproofing, etc., are not discussed herein.

a. Organization. In this chapter, environnental features are grouped by
the type of channel nodification design with which they are nost frequently
associ ated. An understanding of the undesirable effects of a nodification (as
presented in Chapter 2) is required to fully appreciate the purpose and func-
tion of the environnental features for that type of nodification

b. Environnental Objectives. Channel designers should be involved wth
t he devel opnent of project environmental objectives established during the
pl anni ng stage. Environnental objectives may include specific mtigation
enhancenent, or devel opnent goals for aesthetic, recreational, water quality,
ecol ogical, or historical or cultural resources. An exanple of a specific
envi ronnent al objective would be to preserve an existing coldwater fishery.
Envi ronnmental features should then be sel ected and designed to satisfy these
speci fic objectives. However, whether or not specific objectives have been
establ i shed, Corps policy dictates that certain general environnmental objec-
tives be pursued for all projects. A review of relevant Corps environnental
policies and guidelines is given in ER 200-2-2, ER 1105-2-100, EP 1165-2-1, and
EP 1165-2-501. For effective inplenentation, these policies and guidelines
nmust be considered and observed in the design stage as well as in planning.

c. Environnmental GCuidelines. General environnmental guidelines for chan-
nel nodification projects include:

(1) Subject to neeting other project objectives, mnimze structura
channel alterations, particularly if the existing channel is reasonably
st abl e.

(2) Because channel instability inpacts aesthetics, water quality, and
habitat, pay particular attention to geonorphic and sedi nentati on anal yses for
erodi bl e channel stability.
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(3) Channel |ayout should be a detailed process to avoid, as much as
possi bl e, destruction of valuable resources such as large trees or histori-
cally significant structures.

(4) As an exanple, suppose that preserving fish habitat were an environ-
mental project objective. One way to acconplish this is to use instream hab-
itat structures. However, instreamstructures are not suitable on streans
wi th braided channels, high bed-load transport, unstable channels, steep
gradi ents, high discharge, intermttent flow conditions, poor water quality,
or no existing or prospective fishery. In addition, successful applications
on streanms with high suspended | oads, bedrock or sand beds, |ow sl opes, bank-
full discharges between 1,000 and 10, 000 cubic feet per second, extrene flow
variation, or warmvater fisheries; streans that drain urban, agricultural
sem arid, or highly disturbed watersheds; or streams that freeze over may
requi re speci al designs or considerabl e mai ntenance. For exanple, habitat
structure designs that depend on scouring for their effect usually do not work
wel | in bedrock streans, whereas some designs will not |ast on nobile, sandbed
streans due to undercutting and fl anking.

4-2. (Cearing and Snagging.

a. Selective Techni ques. Undesirable effects of clearing and snaggi ng
may be addressed by using design and construction techniques that allow trees
and snags that do not cause significant flow obstruction to remain. "Selec-
tive" clearing and snagging is perforned using |abor-intensive approaches
(chai nsaws, boats, barges, etc.) rather than heavy equi prent such as draglines
and bul | dozers. WES TR E-85-3 provides a summary of literature pertinent to
hydraulic effects of clearing and snaggi ng and offers suggestions for prepar-
ing specifications for selective clearing and snaggi ng work. Design of a
sel ective clearing and snaggi ng project should include the selection of either
the specific trees and snags or the types of trees and snags to be renoved, as
wel | as specification of the nethods for disposal of the renoved debris, con-
struction nmethods and equi pnent, and access controls. Additional considera-
tions include revegetation, bank stabilization, protection of existing
veget ati on, scheduling, and contractor education. The effects of selective
cl earing and snaggi ng may be short-lived and thus may require nore frequent
mai nt enance at the site. This factor nmust be taken into consideration when
considering this technique, and project fornulation should provide for fre-
qguent inspection and mai nt enance.

b. Repl acenent of Riparian Vegetation. Areas cleared for channel exca-
vation, access, disposal areas, borrow, and, sonetines, for increased flow
capacity can be controlled and enhanced to i nprove the net environmental
effects of a project by revegetation. Revegetation nust be tailored to
achi eve specific objectives (e.g., ground cover, habitat, erosion control)

t hrough appropri ate species selection, placenent, and planting nmethods for the
specific site. (Allen 1978, Allen and Klims 1986, and Hunt et al. 1978 pro-
vide nore detailed information on these topics.)

c. Preservation of Riparian Vegetation. Destruction of riparian vegeta-

tion, either natural or planted, should be ninimzed during and after project
construction.
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(1) During construction. Contractor staging areas and access routes
shoul d be carefully planned and shoul d i ncl ude existing roads and cl eared
areas. Heavy penalties should be assessed for unauthorized clearing, damage
to, or destruction of trees. Trees to be cleared may be flagged or marked
with paint.

(2) After construction. Easenents may be obtained for riparian buffer
strips. If the channel is in a cultivated area, conpliance with the easenent
is more likely if the buffer strips are marked with netal posts, |ow w ndrows
of excavated material, or fences. Fences usually should be passable by resi-
dent wildlife species, except where barriers are needed to prevent drowning or
mai m ng of animals, especially |arge manmals (ER 1130-2-400). (Information on
designing buffer strips for channel protection is provided in Steinbluns,
Froehlich, and Lyons (1984); fence design is discussed in Nelson, Horak, and
d son (1978) and Schimitz (1980).

4-3. Fl oodways.

a. General. Floodways (sonetinmes called bypass or diversion channels)
are excavated channel s that convey fl oodwaters over routes that are usually
shorter and straighter than those foll owed by the unnodi fied stream Fl ood-
ways normally are designed to convey flood flows only, and | ow and nor nal
flows are diverted through the natural channel. Floodways may be designed as
mul ti purpose use areas, as long as the additional use is conpatible with the
flooding function. Any structures placed in the fl oodway should be fl ood
proof, well anchored or renovable on short notice, and should not obstruct
flood fl ows.

b. Design Considerations. Floodway channel s shoul d be sized to convey
t he design discharge, less the flow diverted through the natural channe
during flood events. |If the natural channel will be used as a | owflow chan-
nel only, a means of diverting low flows and restricting flood flows nust be
provided. If weirs and culverts are used, both the | ow flow channel and cul -
vert shoul d be designed with adequate access for regular renmoval of sedi nent
and bl ockages. Inverts of floodways designed for nultiple use should be above
t he seasonal high-water table or should be provided with underdrains to ensure
that wet conditions will not interfere with use or maintenance of the flood-
way. Grade control or drop structures may be needed in the fl oodway or at
tributary junctions.

4-4. Channel Excavati on.

a. General. A variety of structural nethods can be used to reduce the
i mpacts of channel nodification. Because of the |lack of standard terninol ogy,
some of the ternms used in this section have been specifically defined for use
herein. Readers should refer to these definitions, which are given in the
G ossary.

b. Low Fl ow Channel s.
(1) Ceneral. A lowflow channel is a subchannel constructed inside a

| arger flood control channel to concentrate flow for biological, recreational
water quality, or aesthetic benefits, and for engi neering design needs.
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Low-fl ow channel s generally do not performwell on streams with heavy sedi nment
| oads. Figure 4-1 is an exanple of a | owflow channel. Typical |owflow
channel cross sections are shown in Figures 4-2b, ¢, d, and f.

(2) Size. Due to their small size, nost |owflow channels are desi gned
by adding themto the cross section required for flood conveyance. Di nmensions
of lowflow channel s shoul d be based on instream flow conditions required to
neet engi neering, biological, recreational, or water quality needs. For
recreational boating, the recommended m ni num depths are 2 and 3 feet for non-
notori zed and notorized boats, respectively; the recomrended mi ni num w dt hs
are three tines boat length for rowboats and 17 feet for canoes. If fishery
or water quality needs dom nate, critical instream needs (usually flow vel oci -
ties and depths) should be established for the month or nonths during which
| ow-fl ow conditions are expected. Fishery biologists famliar with |oca
streans can assist in devel oping these criteria, which can be used to size
| ow-fl ow channel s. Biologic benefits can be further enhanced by incorporating
pools and riffles and habitat structures in the design

(3) Placenment. Meandering alignnents for |owflow channels are prefer-
abl e for aesthetic reasons, although placenment adjacent to a shady bank may be
nore desirable. Guidance for neander designs is given in paragraph 4-4f. For
| ow-fl ow channel s constructed in erodible materials, meandering and erosion
may be controlled by Iining the | owflow channel and the flood channel invert
or by burying sills or training dikes at specified intervals. Alternatively,
the toe slope of the flood channel may be protected and the | owfl ow channe
al l owed to nmeander freely.

c. High-Fl ow Channel s.

(1) Ceneral. High-flow channels are fl ood control channels with nod-
ified cross sections that include a subchannel w th high-flow berns on one or
both sides (Figures 4-2g, i, j). High-flow berms are inundated infrequently
and may be used for parks, trails, or other purposes conpatible with their
functions as flood channel s.

(2) Design. If the existing channel is deternmined to be stable, the
magni t ude of its geonetric paraneters may be considered the regime values. It
is preferable that the channel’s desired regi me be maintained by the sub-
channel and that the high-flow bernms be designed to be inundated only by flood
flows that exceed the channel -form ng di scharge, normally equal to or |arger
than the nean annual discharge based on the annual series. A sedinmentation
anal ysis shoul d be conducted to properly design this channel nodification. If
the existing channel is determned to be unstable, the problem of sizing the
subchannel is nore difficult and will require special attention in performng
t he sedi mentation anal yses.

d. Pools and Riffles.

(1) Ceneral. Profiles of natural channel inverts typically have alter-
nating "l ows" and "highs" that are referred to as pools and riffles. Under
normal -fl ow conditions, pools and riffles provide a variety of water depths
and fl ow conditions, which is needed to maintain biologic diversity and vi gor
Pools and riffles tend to be spaced with pool -to-pool distances that fluctuate
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Figure 4-1. Low-flow channel, Indian Bend Wash
(USAED, Los Angel es)

about a mean value of five to seven channel w dths, being typical of nopst
streans. On neandering streams, pools are located in bends, and riffles are
found in straight reaches (Figure 4-3).

(2) Design. Pools and riffles may be placed in subchannels or | owfl ow
channels and in larger channels with sizable fractions of gravel and cobble in
their beds. Pools and riffles should not be built on high-flow berns, in
fl oodways, or in channels with sand beds.

(a) Spacing. Spacing of pools and riffles in paved channels is not
critical because of the inherent stability of the channel. In unpaved chan-
nel s, maintenance requirements will be fewer if pools and riffles are spaced
and | ocated to reproduce natural channel conditions. Riffles may sonetinmes be
pl aced at outcrops of erosion-resistant material. |If use of natural channe
pattern is not feasible because the stream or watershed is unstabl e under
preproject conditions, pool and riffle spacing should fluctuate about five to
seven channel wi dths (neasured fromthe center of one pool or riffle to the
next pool or riffle). Channel wi dth should be water surface width for the
l-year return interval flow Pools should alternate fromside to side within
t he channel, and sedi ment transport conditions of the channel should not be
radically different frompreproject conditions. Figure 4-3 shows desired
pool -riffle locations for straight and neandering streans.

(b) Size and shape. Size and shape are not as critical as spacing and
may be varied to suit hydraulic and biol ogi c needs. Pools should have a mn-
i mum | ow-wat er depth of 12 inches, and riffles should not project nore than
12 to 18 inches above the nean channel invert. Generally, individual pools
shoul d not be | onger than three channel wi dths or shorter than one. Pools
that are too wide, too deep, or too long may not have the self-flushing capa-
bility for sedinents that natural pools have. Riffle |lengths should be one
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Figure 4-2. Typical flood channel cross sections. Lined channels
typically have vertical walls to mnimze costs and may be rectan-
gular (a) or may have sonme nodification to concentrate |ow fl ows
(b, c., d). The nost frequently used cross-sectional geonetries

i nclude trapezoidal (e), trapezoidal with a | owflow channel (f),
trapezoidal with a nornmal -fl ow channel and high-flow berns (g),
and variations in which one bank and/or the channel bed are not

di sturbed (h, i, j)
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Figure 4-3. Pool-riffle |location. Pools and riffles should be

spaced irregularly at five to seven channel-width (center-to-

center) intervals. Pools should alternate fromside to side
wi thin the channe

half to two thirds that of pools, and channel width in riffle areas should be
10 to 15 percent wider than in pool areas.

(c) Materials. If riffles are to be dynanic or self-naintaining, con-
struct themof a nmixture of natural streamgravel with size distribution
typical of the bed material in the unnodified channel. O herw se, construct
t hem of gabi ons, cobble, or riprap, sized based on trade-offs between
consi derations and environmental benefits.

e. Single-Bank Construction.
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(1) Ceneral. If site conditions permt, single-bank nodification is the
preferred constructi on nethod for channel enlargenment (Figure 4-4). The
exi sting channel alignnent is followed, and the vegetation on the opposite
bank is disturbed as little as possible. Aesthetic inpacts are reduced if the
work is alternated fromone side to the other and if clunps of vegetation are
left on the work bank. Preferred equi pment varies with stream size. Hydrau-
lic hoes and other small equiprment are preferable for small streans because of
their maneuverability and the reduced access and rights-of-way needs. How
ever, in some instances, |arger equipnment may be desirable. On | arge streans,
floating dredges may elimnate the need for haul roads.

(2) Procedures.

(a) Select the work bank. Factors to be considered in the selection
process include habitat value of existing vegetation, shade, bank stability,
and aesthetics. Trees on the south and west banks provide the npst shade
during critical midday and afternoon periods. Any special vegetation to be
preserved shoul d be marked.

(b) Devel op design. The design should cover the selection and renoval
of snags fromthe off bank and restrictions on equi prent, access, work sched-
uling, etc. Detailed guidelines are given in WES TR E- 85- 3.

f. Meandering Alignnents.

(1) GCeneral. Meandering alignments may be used to inprove the aesthet-
ics and stability of flood control channels. Meander geonetry is described in
terms of wavel ength, meander width, and radius of curvature (Figure 4-5), and
nmeasurenents may be expressed in dinmensionless formas nmultiples of channe
wi dt h. Natural neander geonetry can be related to stream di scharge and bank-
full width.

(2) Design. Meander geonetry specifications include neander wavel ength,
meander width, streamlength and gradi ent, and channel cross-sectional geom
etry. Meander geonetry of subchannels sized to carry |low and normal flows can
be patterned after that of the forner streamor of sinilar-sized unaltered
streans nearby. Alternatively, refer to Table 3 of WES TR E-85-3 for fornul as
for nmeander geonetry and to the associated text for application procedures.
The formul as and procedures given in WES TR E-85-3 are not neant to repl ace
hydraul i ¢ design procedures contained in EM 1110-2-1601

g. Preservation and Creation of Wetl ands.

(1) GCeneral. The values of wetlands are well established, and opportu-
nities for including wetland features in flood control channel projects are
nunerous. Alignnent of flood control channels and careful placement of
dredged materials to avoid wetlands can mininize | osses of these val uable
habitats.

(2) Site selection. Desirable site criteria for wetland creations
i nclude flat topography, relatively inpermeable soils, high ground-water
table, plentiful and dependabl e water supply, and mast-produci ng har dwood
trees and other vegetation with high habitat value. Alluvial floodplains

4-8



EM 1110-2- 1205

Figure 4-4. Single-bank construction. The visua
ef fect woul d have been inproved if clunps of trees
had been left at intervals along the nodified bank
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Figure 4-5. Meander geonetry
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possess many of these characteristics. Several procedures are avail able for
eval uating the habitat value of a specific site (see Fish and Wldlife Ser-
vice, US Department of the Interior 1980; US Arnmy Engi neer Division (USAED)
Lower M ssissippi Valley, 1980; and Adanus et al. 1987).

(3) Devel opment. Wetlands nay be devel oped with or without water-|eve
control. Wetlands may be created by excavation, by placenent of excavated
material to block surface drainage, or by building containment |evees. Emer-
gency spillways should be provided for |evees or dans that m ght overfl ow
and erode. Gated culverts or other flowcontrol mechanisms allow water-Ieve
managenment for specific purposes such as duck habitat or timber production
Detailed information on site selection, design, and nmanagenent of wetl ands of
various types can be found in the Wldlife Managenment Techni ques Manua
(Schimitz 1980), "The WIldlife I nmprovenent Handbook" (US Forest Service
1969), and in numerous Corps publications (see Environmental Laboratory 1978b
and Martin 1986).

h. Preservation of Cutoff Meanders.

(1) GCeneral. Wen bendways with potential habitat value are cut off
during flood channel construction, consideration should be given to maintain-
ing the bendways as either |ake or channel habitat (Figure 4-6). Feasibility
depends |l argely upon water quality and sedi ment |oad. For |akes, inflow
quality and quantity need to be adequate to prevent water quality problens.
Wat er budgets for proposed cutoff bendway | akes shoul d include consideration
of inputs fromand | osses to ground water. Perched | akes may require nuch
greater inflowto maintain depths and water surface areas. Engi neer Manua
1110-2- 1201 provi des guidance on predicting the water quality of inmpoundnments
using sinplified techniques. Stream connected designs are of questionable
value on streans with extrenely | ow sumrer flows. Refer to EM 1110-2-1203 for
di scussi on of bendway managenent techni ques appropriate for larger rivers.

(2) Inpoundnment design. Bendway i npoundnents require channel blocks and
appropriate flow control nechanisns. |If tributary or drainage inflowis ade-
quate to maintain water level, only an outlet structure and emergency spillway
are needed. Otherwise, a gravity-fed inflow structure or punped inflowis
required. Intake structures should be high enough to avoid heavy sedi nment
concentrations and should be designed to nminimze problenms of debris jamm ng
or bl ockage. Wells for supplenmental water supply should be |ocated to avoid
simply recycling | ake water.

(3) Streamconnected designs. Low flows may be diverted through bend-
ways by excavating cutoff channels to depths shallower than the bendways or by
using weirs in cutoff channels to divert water through bendways. Bed protec-
tion or drop structures may be needed to prevent degradation in the cutoff
channel and at junctions of the cutoff channel and bendway. |f sedinent | oads
are heavy or if lowflows are insufficient to maintain suitable habitat, one
or both ends of the bendway may be partially blocked to restrict sedi nent
input and to maintain water levels during | owflow conditions. A culvert
pl aced through an earthen enmbanknment is a sinple type of partial blockage.
However, culverts are easily blocked by floating debris or sedinment. Weirs or
sills placed across the mouth of the old bendway may al so be used for partia
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Figure 4-6. Cutoff meander, Souris River (USAED, St. Paul).

Cut of f bendways can be maintained for wildlife and recre-

ational benefits. (Inset highlights grade control structure

with crest elevation sufficiently high to force normal flows
t hrough t he bend)

bl ockage. If the old bendway nmakes a sharp (near 90-degree) angle with the
mai n channel, sedi ment deposition will be |ocalized near the junction, which
wi Il reduce maintenance effort. In nost cases, stream connected designs wll
require periodic renoval of sedinent to maintain the bendways as aquatic hab-
itat. Sunps or sedinment traps may be placed at bendway entrances to facili-
tate mai ntenance. Conpl ete closure of the upper bendway entrance and
constriction of the lower so that it scours on the falling stage may help to
reduce rates of bendway sedinentation in some cases.

i. Placement of Excavated Materi al

(1) General. Selective placement and treatnment of excavated material
of fer opportunities to reduce inpacts and enhance environnmental conditions.
Envi ronmental factors that should be considered in site selection include
topography of the site and its potential for flooding, proposed use of the
di sposal site and its conpatibility with existing and proposed adjacent | and
uses, the presence of rare or endangered species, the chenical and physica
quality of the material, and the existing site habitat value and the abundance
of that habitat in the general vicinity. Excavated material should not be
pl aced in stream courses or in designated fl oodways. Erosion control is dis-
cussed in paragraph 5-2 of this manual

(2) Applications. In flat areas, excavated material may be piled and
shaped to provide visual contrast and recreational opportunities such as
sl edding or skiing; it may be used to construct containment |evees for wetland
creation; or it may be windrowed to mark limts of buffer strip easenents,
control side drainage, or provide wildlife refuge. Al though habitat
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devel opnent on flood control channel projects is by no nmeans linmited to dis-
posal areas, disposal sites offer excellent opportunities to replace |ost hab-
itat with habitat of equal or superior quality. Detail ed guidance for habitat
devel opnent on di sposal sites is presented in Environmental Laboratory
(1978a); Hunt et al. (1978); Lunz, Diaz, and Cole (1978); Ocean Data Systens,
Inc. (1978); Smith (1978); and Soots and Landin (1978).

j. Water-Level Control Structures.

(1) Ceneral. Although water-level control structures may have multiple
benefits, they are instream structures designed primarily to maintain water
| evel s at a constant or near-constant elevation during nonflood periods for
aesthetics, recreation, fish or wildlife habitat inprovenent, water quality,
vegetative control, or related purposes. Earth plugs, gated structures,
i nfl at abl e dans, and overflow weirs nade of sheet pile, gabions, concrete, or
other materials are used to control water |evels.

(2) Design considerations. Water-|level control structures should be
desi gned, built, and operated so that they do not block fish nmovement, create
probl ems of upstream sedi mentation or downstream erosion, or reduce flow
capacity under high-flow conditions. Gated structures and infl atable dans
prevent nost of these problens, although they may be expensive to build.
Gui dance for the design, construction, and maintenance of inflatable dans is
avai | abl e from manufacturers of these products. Weirs can be designed with
| ow profiles to avoid reducing fl ood capacities and can be provided w th open-
ings or fish |adders. Fish passage problens are addressed in paragraph 4-7.
Upstream sedi nentation is a common problem for weirs, and streans with heavy
sedi nent | oads may require sedinment traps or regul ar cleaning of pools.

k. | nstream Habi tat Structures.

(1) Ceneral. Habitat structures are constructed in channels to nodify
fl ow depths and velocities and to provide cover for fish. Use of habitat
structures may require a |larger channel dinmension to provide for the flood
capacity. Figure 4-7 illustrates placenent of instream habitat structures.
Most designs can be placed into one of four categories--sills, deflectors,
random rocks, or cover. The first three types of structures are not suitable
for use in channels that have doni nant bed material of sand size or |ess.

(2) Structure types.

(a) Sills. Sills are |low structures that extend across the entire width
of a channel and are intended to produce upstream pools, downstream scour
hol es, or both. They are often designed with a gap or notch and typically
have m ni mal backwater effects. Sills are better suited to high-gradient
streans than are nost other habitat structures. Sills may be constructed from
| ogs, rocks, gabions, concrete, sheet metal, or conbinations of these nmate-
rials. The nost conmon probl enms encountered are flanking and under ni ni ng,
structural damage caused by floods or ice, and structures built too high such
that they are susceptible to failure and i npede fl ood flows and fish novenent.

(b) Deflectors. Deflectors are structures that protrude from one bank
but do not extend entirely across the channel. The primary purpose of
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Figure 4-7. Instream habitat structures
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deflectors is to scour pools by constricting the channel and accel erating
flow. They may be angl ed upstream downstream or perpendicular to the bank
and are often alternated fromone side to the other. They may be constructed
of the sane materials as sills, although rock and rock-filled structures are
nost common. Use of deflection in sone streans nay create bed scour and ero-
sion to the opposite slope that is not predictable.

(c¢) Random rocks. Random rocks are | arge boul ders, gabions, or concrete
objects placed in a channel well away from either bank to produce scour holes
and zones of reduced velocity. Rocks should be used only if velocities are
hi gh enough to create scour holes downstream but their use should be avoided
on sand-bed streans and other streans with unstable beds. Rocks used for hab-
itat cover should be durable enough to withstand weat hering and abrasion.
Rocks may be placed in channels individually or in clusters.

(d) Habitat cover devices. Cover devices include floating rafts
fastened to the bank, |edges supported by pilings, anchored trees or brush
mats, |ogs or half-1ogs anchored above the bed and aligned with the flow, and
boul ders or gabions placed in deep pools.

(3) Design. Design of habitat structures is an iterative process that
i nvol ves several steps: determning feasibility of success; deternining
habi tat potential and deficiencies; selecting the structure; planning the
| ayout; sizing the structure; investigating effects of and on fl ood fl ows,
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sedi nent transport, and channel stability; and designing the feature in
detail. Technical Report E-85-3 (WES) provides detail ed design procedures. A
summary of experience with habitat structures in nodified channels is given in
WES TR E-82-7 and in Shields (1983).

| . Sedi nent and Debris Basins.

(1) Ceneral. Debris basins are constructed to trap sedi ment and debris
t hat woul d ot herwi se damage or clog flood channels. Debris basins are
required primarily on high-gradient streanms and at sites susceptible to nud
and debris slides. Sedinent basins are used to reduce sedinent |oads and tur-
bidity, which can adversely affect fish and other aquatic organi sns, water
quality, and project aesthetics.

(2) Design. Instream sedi ment traps are constructed by excavating short
channel reaches to a greater-than-average depth and wi dth. Debris basins
usual |y have larger required capacities and are constructed by danming the
stream with or wi thout acconmpanyi ng excavation. Both sedi nent and debris
basins may require periodic cleaning to maintain their trap efficiency.
Access and ease of mmintenance should be given priority during design. Tech-
ni cal guidance for the design of sedinment and debris basins is presented in
EM 1110-2- 1601 and in Dodge (1948), Myore et al. (1960), Tatum (1963), and
Penberton and Lara (1971).

4-5. Channel Paving.

a. CGeneral. Paving is used in channels that experience supercritica
flow, in urban areas where narrow, deep channels are often used, and in other
situations where flow depths and velocities would be sufficient to cause gen-
eral scour of channel bed and banks. Reinforced concrete is the nost conmon
paving material, but asphalt, grouted riprap, boulders set in concrete, and
other materials are sonetinmes used.

b. Concepts for Inmproving Environnental Quality in Paved Channels.
Envi ronmental quality of paved channels can be inproved by increasing | owflow
dept hs, reducing water tenperature, and providing resting area and cover for
fish. This can be achieved by using | owfl ow channel s (paragraph 4-4b) or
pools and riffles (paragraph 4-4d), providing shade, and using materials such
as boul der concrete and grouted riprap. Boul der concrete and grouted riprap
may i nprove channel appearance as well. Aesthetic considerations for urban
projects are discussed in paragraph 4-9.

4-6. Channel Side Sl ope Protection.

a. General. Erosion protection of sonme kind is required for sone side
sl opes of nearly all flood channels. Vegetative protection usually is pre-
ferred, but structural protection is required along channels with high flow
velocities and at |ocations subject to |local scour or slope instability. Hab-
itat value, aesthetics, water quality inpacts, and channel access for people
and ani mal s should be given najor consideration during selection and design
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b. Structural Protection Measures.

(1) GCeneral. Structural protection nmeasures involve placenent of natu-
ral or manufactured materials along banks to provide direct or indirect pro-
tection agai nst scour or bank failure. Design guidance can be found in VES
TR E-84-11 and in OCE (1978, 1981c) and USAED, Huntsville (1982), although not
all types of designs in these references are appropriate for flood contro
channel s. Practicable designs for flood control channels include soil treat-
ment and stabilization, tree retards, riprap and gabions, rigid revetnments
such as reinforced concrete, and manufactured bank covers.

(2) Environnmental aspects.

(a) Habitat value. Structural bank protection measures provide little
wildlife habitat, although riprap is valuable to benthic organi snms and sone
smal | fish species. Tree retards provide cover for fish, but their use is
restricted largely to natural channels.

(b) Aesthetics. Aesthetic inpacts of streambank protection are largely
visual and may be negative or positive. Extensive use of concrete, manu-
factured covers, or riprap produces a scene that night be considered inferior
to that of a natural stream because of the sharp contrast between these mate-
rials and naturally vegetated banks. Appearance of bank protection can be
i mproved where soils and hydraulic conditions permt, by using materials such
as stream gravel and cobble or structural designs that incorporate vegetation
(paragraph 4-6d) -

(c) Water quality. Increased turbidity associated with the construction
of bank protection works may have short-term negative inpacts on water qual -
ity, but the major |long-terminpact of successful w de-scal e bank protection
is to reduce turbidity and sedi nent concentrations. Reduced sedi ment concen-
trations may prolong the Iife of environnental features such as fish habitat
structures and may reduce the costs of channel maintenance. Water tenperature
i ncreases may sonetinmes be related to extensive use of concrete and | oss of
shade.

(d) Channel access. Extensive bank protecti on works can affect access
to the channel by people and aninmals. Concrete and other snooth surfaces gen-
erally increase accessibility as long as slopes do not exceed 1 vertical
2 horizontal. Large, |oose stone is probably |ess acceptable, but accessibil-
ity can be inproved by filling large voids with snmaller rock, gravel, or soil

c. Vegetative Protection.

(1) Ceneral. Herbaceous or woody vegetation nay be used to protect
channel side slope areas (depending on the frequency of inundation, velocity,
and geotechnical constraints to infrequent flooding) and other bank areas
where velocities are not expected to exceed 6 to 8 feet per second. I|nfornma-
tion concerning maxi mum perm ssible velocities for various grasses is given in
WES TR E-84-11. Figure 4-8 depicts a flood channel with vegetative bank pro-
tection. In addition to erosion resistance and environnental considerations,
whi ch are discussed separately bel ow, other factors that need to be considered
in the selection process include flood and drought tol erance, soil and
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Fi gure 4-8. Vegetative lining, San Antonio River flood

channel (USAED, Fort Wborth). This conpleted reach

contai ns a subchannel that conveys nornal flows. The

hi gh-fl ow berms and banks are vegetated. Note the River
Wal k (Paseo del Rio) inside the flood channe

climatic conditions at the site, and availability of seed, root stock, or

ot her propagul es. Additional information concerning these matters is avail -
able in VES TR E-84-11, in Witlow and Harris (1979), and from Di stri ct

of fices of the Soil Conservation Service. Native plant species should be used
in lieu of exotic species wherever possible. Sources for native plants have
been identified by the Soil Conservation Society of America (1984) , and coor-
dination with appropriate State agencies is essential

(2) Environnental considerations. Terrestrial habitats can be devel oped
to benefit target species or to pronote species richness. Plant species
sel ection depends on which goal is chosen. M xtures of herbaceous and woody
vegetation pronmote wildlife species diversity by providing a variety of foods
and types of cover. Local, State, and Federal wildlife biologists can provide
i nformati on about the food and cover value of various plants.

d. Composite Designs. Several bank protection nethods incorporate vege-
tation into structural designs. These designs have essentially the sane envi-
ronment al benefits as vegetative designs. Four of the npbst wi dely used and
successful of these techniques are erosion control matting, cellular concrete
bl ocks, seeded soil-covered riprap, and stemsprouting woody plants in comnbi-
nation with engineering materials. Additional information on these techniques
is provided in WES TR E-84-11.

e. Construction Scheduling. Many factors should be consi dered when the
schedul i ng of construction is inportant to the success of bank protection
projects. Aquatic inpacts can be reduced by scheduling work to avoid peak
m gration or spawning periods and to take advantage of |owflow periods.
Careful scheduling is essential for successful establishnment of vegetation
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For exanple, sufficient tine nust be allowed for plant establishment prior to
high fl ows or dormant seasons. Sonme plant materials, such as root stock, are
peri shable if not planted pronptly.

4-7. Erosion Control Structures and Cul verts.

a. General. Wirs, drop structures, and culverts often create obstruc-
tions to fish novenent, and consideration of fish novenment during design can
provide for migration or protect a viable fishery.

b. Weirs and Drop Structures. Ladder-type fishways incorporated into
weirs and drop structures create flow conditions that allow fish to swim
through the facility. Fishways are recommended at obstructions with heads as
low as 2 feet if they are located on streans with viable fisheries. Fish |ad-
der design requires both biologic and hydrol ogic data. The fish species of
concern nmust be identified, and migration patterns, fish size, sw mmng
speeds, and sw mm ng dept hs must be known. Required hydrol ogi c data include
t he operational discharge range, headwater and tailwater curves, and sedi nment
transport. Refer to WES TR E-85-3 for information about the design of |adder-
type fishways.

c. Culvert Fishways. Culverts should be designed to produce flows with
adequat e swi nm ng depths and passable velocities (see Figure 4-9). Resting
areas are required bel ow and above the culvert and within the culvert if its
| ength exceeds 100 feet. If scour is expected below the culvert, or if flow
depths are expected to be insufficient for fish movenment, a low sill should be
constructed five to seven pipe dianmeters downstream of the culvert. Culverts
are sized for the design discharge, and barrel velocity is determ ned for the
expected discharge at the tine of fish novenent. If the velocity exceeds the
sust ai ned swi mm ng speed of the fish, the design should be nodified by adding
baffl es or other roughness elenents to the culvert invert, reducing the cul-
vert grade, or reducing the hydraulic radius. Additional guidance is avail -
able in McCellan (1970), Watts (1974), and Evans and Johnson (1980).

d. Aesthetic Considerations. The appearance of erosion control struc-
tures and culverts can be inproved by using natural materials or natural -
| ooki ng finishes. Exanples include rock veneer on culvert headwal I s and
special formliners and colors that produce patterns simlar to those of stone
or wood. Additional details are given in paragraph 4-9.

4-8. Levees and Fl oodwal | s.

a. CGeneral. Levees and floodwalls are often incorporated into flood
control project designs. Levees are usually subject to water |oading for
peri ods varying froma few days to a few nonths a year. Refer to EM 1110- 2-
1601 and EM 1110-2-1913 for general design guidance for |evee projects.

Envi ronnmental features can be incorporated into | evee design, construction,
and mai ntenance to enhance aesthetics, fish and wildlife, or recreationa
resources. Detail ed guidance for |evee and floodwall environnental features
is provided in WES TR E-85-7.

b. Levee Design and Environnment. Design decisions for any | evee project
i ncl ude choosing sites for the | evee and associated facilities, determnining
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expected to live should be retained, unless the tree in question has val ue as
a den tree. Trees or groups of trees to be preserved should be sel ected dur-
ing the design stage of project devel opnent. Unique specinens including old
trees, unusual species, uniquely sized or shaped trees, and trees with specia
wildlife value for food, resting, and nesting deserve special attention as
candi dates for preservation. It is desirable to preserve blocks of trees
rather than individual trees. A block of trees can serve as a screen to break
up the |l ong, nonotonous, and unnatural appearance of a |evee, especially where
| evees are visually dominating. Danmage fromw ndthrow is | essened when nore
trees are present. The value of stands of trees as wildlife habitat can be
determ ned by biologists with data on tree species, size, density, age, and
wildlife use. Wdths of preserved areas can vary to neet both aesthetic and
wi ldlife needs by considering view ng positions, |evee dinmensions, and range
or habitat requirements of wildlife species to be fostered within the area.
Desi gns shoul d avoid high-velocity passage between tree screen and | evee toe.

(3) Overdesign of channels. Overdesign of drainage ditches reduces the
need for frequent ditch clearing or nowi ng and increases their ability to
support wildlife habitat and aesthetically pleasing vegetation. Technica
Report E-85-3 (WES) provides informati on concerning resistance factors for
channel s contai ning vegetative grow h.

(4) FErosion and water quality control during construction. Appropriate
erosion and sedi ment control techni ques enployed during construction can have
significant water quality benefits. Refer to paragraph 5-2 for a detailed
di scussion of this topic.

c. Environnmental Features for Fish and WIldlife.

(1) Ceneral. Fish and waterfow habitat features include basic consid-
erations for design of borrow pits and interior collection ponds, including
optional features such as water control structures, artificial islands, fish
shelters, and fish stocking. Wldlife habitat features include artificia
nesting and perching structures, seeding and planting, and brush piles (Martin
1986) for wildlife habitat managenent techni ques. Technical Report E-85-3
(MES) provides nore information on these features and on nmarsh vegetation
establ i shnment, beneficial uses of dredged or excavated materials, |and acqui-
sition, controlled access to wildlife areas, and wildlife fence designs.

(2) Fish and wildlife considerations for borrow pit design. Levee bor-
row pits often fill with water after construction. \Wll-designed pits can
becorme hi ghly productive habitats. Pond characteristics associated with pro-
ductivity and species diversity are surface area, shape, wetted edge, and
quality and quantity of water (Figure 4-10). Refer to Aggus and Pl oskey
(1986) for environnental considerations for one borrow pit design based on a
series of studies of lower M ssissippi River mainstem]|evee borrow pits.

(a) Borrow pit size. Generally, a sinple positive relationship exists
bet ween pond and wetl and surface area and wildlife productivity. However
| arge borrow pits may be counterproductive to wildlife if they require
destruction of scarce habitat to create relatively abundant open water. A
series of small, frequent wetlands can result in higher waterfow nest densi-
ties for the overall area than one |arge wetland. The Atlantic Waterfow
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Figure 4-10. Borrow pit extensively used by wadi ng birds

Council (1972) has provided information concerning the creation of artificial
wetl ands. A mininumsize of 1 to 1.5 acre is recomended for waterfow brood
ponds, and 2 acres is the nininmumrecomended size for pits used for fishing.

(b) Borrow pit shape. Pond and wetl and shape influence wetted edge and
vegetati on/ open water ratios that are inportant to wildlife productivity.
Irregularly shaped pits increase wetted edge and benefit waterfow and sone
terrestrial species. Irregular shapes al so provide nore opportunity for bank
fishing and add visual diversity. Vegetation/open water rati os can be
mani pul at ed by excavating borrow pits with a variety of depths that foster or
di scourage vegetative growth. Water depths of 6 to 24 inches pronote aquatic
pl ant growth, provide good dabbling duck habitat, and create desirable spawn-
ing and nursery areas for fish. Depths greater than 3 feet usually discourage
rooted plant growth and provide needed open-water areas. Borrow pits may be
excavated with a steep drop-off at the bank to a depth of 18 to 24 inches,
which is maintained for sone distance fromshore. At this point there is a
second steep drop-off to maxi mum depth (Figure 4-11). This "step" design pro-
vides the needed diversity of depth while reducing the risk of drowning.

(c) Water quality and quantity. WAter sources should be sufficient in
quality and quantity to sustain fish populations throughout the year. Water
temperature, pH, nutrient |evels, sediment, and pollutants are inportant con-
siderations for fish survival and productivity. Periodic inundation from
flows fromthe main channel can be beneficial to the borrow pit fishery. Wet-
| ands and ponds managed for waterfow also require dependable sources of good
water. Water levels are manipulated in the managenent of many artificial wet-
| ands by using water-level control structures such as those described in
par agraph 4-4j. Nel son, Horak, and O son (1978) provide descriptions of water
control managenment practices and gui dance for designing structures. Addi-
tional references can be found in VWES TR E- 85-3.
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Figure 4-11. Cross section of artificial pond or borrow pit
showi ng design for diversity of depths

(3) Fishery shelters in borrow pits. Fishery shelters constructed of
brush, wood, or rubber tires can be used to provide cover, shade, and occa-
sional spawning and feeding sites for fish. These shelters shoul d be desi gned
so that they do not create problenms during flood flows. This nay be particu-
larly inportant as a tenporary neasure for providing cover during the period
bet ween renoval and reestablishnent of riparian vegetation. Refer to Nel son
Horak, and O son (1978) for information about design and pl acenent of fish
shel ters.

(4) Interior flood control collection ponds. Interior drainage coll ec-
tion ponds may be used as fish ponds or wildlife wetlands, as |long as the
standi ng water does not cause seepage, slope failure, health or aesthetic
probl ems, or inspection problens (Figure 4-12). These probl ens can be m ni -

m zed by using inpervious core and fill materials that remain stable when wet.
Qutflow structures may be designed or operated to permanently inmpound water in
col l ection ponds, or water can be retained by excavation or diking. Runoff,
which is the usual water source, may be undependabl e and may contain varying
amounts of sedinent, nutrients, or chem cal pollutants. Water supply and

water quality problenms may be alleviated by using stream water or ground water
for augmenting runoff during dry periods and for flushing. Flushing rates
shoul d exchange the entire volunme of water once every 2 to 3 weeks,

(5) Artificial islands. Artificial islands can be used in |arge ponds
to increase wetted edge and to provide needed nesting and | oafing areas for
waterfow (Figure 4-13). |slands al so provide visual diversity. They can be
created by | eaving unexcavated areas, by filling, by flooding irregular topog-
raphy, or by constructing floating platforns. Construction and use of float-
ing islands are described in WIIl and Crawford (1970) and Fager and York
(1975).

(6) Fish stocking. Ponds not connected to bodies of water with fish
popul ati ons must be stocked if viable fish popul ations are desired. Species

4-21
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Figure 4-12. Interior flood control collection pond
beside | evee in Lew ston, |daho

Figure 4-13. Artificial islands add habitat and visua

diversity to borrow pits and other aquatic areas.

Al t hough the island shown here is in an urban area and

was | andscaped for aesthetics, extensive use by water-
fow for nesting and | oafing was observed

4-22
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shoul d be chosen by biologists famliar with the regional setting and with
tenmperatures and water conditions expected in the ponds. |f suitable spawning
areas are not avail able for sone of the species stocked, annual stocking may
be required. Undesired species, parasites, or diseases should not be intro-
duced into a watershed. Coordination with state and Federal fish and wildlife
agenci es in devel opi ng stocking prescriptions and acquiring fish is required.

(7) Nesting structures and cover. Otherw se acceptable areas for wld-
life often provide poor habitat because of the |ack of cover and desirable
nesting and den sites. Even when care is taken to preserve vegetation, sup-
pl emental cover and nesting facilities nay be necessary, especially imedi-
ately follow ng construction. Perching structures for raptors can encourage
predati on on burrowi ng mamal s such as ground squirrels. Detail ed specifica-
tions for construction, placenment, and nai ntenance of artificial cover, perch-
ing structures, and nest boxes are available in Martin (1986).

(8) Seeding and planting for wildlife. Vegetation can be planned and
managed to provide food or cover that attracts desired wildlife species to the
project site. Vegetation also reduces soil erosion. Information about
speci es sel ection, seedbed preparation, fertilization, seed sources, plant
propagati on, and nmeasures to ensure plant survival is available in Hunt et al
(1978) and Martin (1981). Seeding and planting should be coordinated with
state fish and wildlife agencies. Riverside plantings will be subjected to
partial and conpl ete inundation and nust, therefore, have a certain degree of
flood tol erance to survive. Engi neer Panphlet 1110-1-3 and Witlow and Harris
(1979) identify flood-tol erant species.

(9) WIldlife brush piles. Brush piles provide resting and escape cover
for small game and nongane wildlife. Were natural cover is linmited, brush
piles may be constructed for use by wildlife until natural vegetation becones
est abl i shed

(a) Location. On the riverside, brush piles should be placed on the
| andsi de of stands of trees to protect them from high-velocity flows during
floods. Brush piles are not recomrended for areas subject to heavy fl ooding.
Brush piles should be located within 200 to 300 feet of other escape cover and
shoul d be far enough fromthe | evee so that they will not attract burrow ng
mammal s to the levee toe or interfere with inspection. Long wi ndrow brush
piles are usually undesirable in areas that support big game novenents.

(b) Specifications. Brush piles should be built by constructing a
sturdy base of |ogs, stunps, or flat rocks and adding smaller |inbs and
branches as filler material. Brush piles for quail should be at |east 15 feet
in diameter and 6 to 7 feet high and shoul d have about 6 inches of clearance
at ground level. Brush piles designed for rabbits should be 4 to 7 feet high
wi th basal diameter or mnimumw dths of 10 to 20 feet. Escape entrances nust
be avail able at ground level, or brush piles will lose their functional val ue.
Refer to Martin (1986, Section 5.3.1) for detailed information on brush pile
use.
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d. Environnmental Features for Recreation and Aesthetics.

(1) Ceneral. Recreational facilities eligible for cost sharing are
restricted to facilities that pronote general public use and enjoyment of the
project (see paragraph 4-9c). The follow ng discussion identifies eligible
recreation features that are designed to facilitate use of the | evee and
associ ated areas for public recreation and features that enhance the appear-
ance of the levee and related structures. Corps policy regarding recreation
facilities is provided in ER 1105-2-100, ER 1110-2-400, ER 1130-2-400, and
EP 1165-2-1. Additional information about aesthetic considerations, fishing
access, trails, scenic overlooks, and associated facilities is contained in
par agraph 4-9 of this manual .

(2) Recreational and aesthetic aspects of borrow pit design. Borrow
pits can be used for fishing, hunting, boating, ice-skating, and, if water
quality is sufficient, contact activities such as swi mi ng and wat erskiing.
Access roads, boat ranps, beaches, parking areas, restroons, and associ ated
facilities stinulate use of water-based recreational facilities. Borrow pits
used for swiming, ice-skating, and fishing should be designed with safety
consi derations in mnd.

(3) Levee crowns and access roads. Levee access roads and crowns are
easily devel oped into scenic drives and trails for hiking, jogging, biking,
hor seback riding, or snowrobiling. Standard wi dths for nmaintenance access are
sufficient for nost uses, although roads used by notorized vehicles must con-
formto State or local road standards. Access points should be convenient to
exi sting roads, parking facilities, and other comunity structures. Access
sites may consist sinmply of ranps leading to the | evee's crown and mgj or
recreational trail, or they may incorporate various other recreational facil-
ities such as parking facilities, sanitary facilities, picnic areas, inter-
pretive centers, and gane fields. Trail utility is increased by rest stops
consi sting of benches or picnic tables, trash receptacles, water fountains,
bi cycl e racks, and shaded areas that provide opportunities for resting and
passi ve enjoynent of scenery.

(4) Aesthetic considerations for plantings. Wll-designed | andscapi ng
can | essen the visual inpact of a |evee project and encourage recreationa
use. Concerns about root-caused seepage and erosion around the bases of trees
can be addressed either by using an overbuilt cross section or by planting
materials in concrete tubs or planters that limt root penetration. If tubs
are used, long-termcosts can be reduced by choosing plants that will not
become root-bound. Additional information regarding | andscapi ng of Corps
project lands is available in ER 1110-2-400, EM 1110-2-301, EM 1110-1-400, and
OCE (1981a, b).

(5) Uses for periodically flooded areas. Interior flood control areas
and riverside areas that are periodically flooded may be used for recreationa
purposes if facilities placed there are floodproof or inexpensive enough to be
expendabl e. Structures placed in flooded areas should be secured agai nst flo-
tation or should be renovable.

(6) Interpretive centers, observation areas, and culturally inmportant
areas. (Observation areas at scenic |locations and interpretive centers |ocated
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at sites of historical or ecological significance are often used as foca
points for trail systems (Figure 4-14). Interpreting points of interest along
the | evee gives users a sense of regional context and preserves the signifi-
cance of historic events.

(7) O her recreational facilities. Recreational designs for |evee
projects often include additional facilities such as fishing access, fishing
structures, and boat ranps and swi mm ng beaches, along with associated facili-
ties such as restroons and picnic areas. Since these uses may conflict with
each other, their |ocations should be carefully planned. Refer to EM 1110-
1-400 for design information.

e. Environnmental Considerations for Levee Maintenance Activities. Levee
mai nt enance activities generally consist of vegetation nanagement, control of
animal s that burrow into the | evee, upkeep of recreational areas, and |evee
repair. Options for vegetation managenent include nmowi ng, grazing, burning,
and use of chemicals. Each nethod fosters different vegetation and wildlife
habi tat types on | evees and adj acent |ands. Mintenance operations may be
timed and carried out to achieve different environnental goals. Technica
Report E-85-7 (WES) discusses | evee nmai ntenance options. General maintenance
considerations are outlined in Chapter 5 of this manual.

f. Floodwal Is. Floodwalls, which are constructed of masonry or con-
crete, serve a purpose simlar to |levees. Floodwalls are sonetinmes built on
tops of levees to increase flood protection. Floodwalls can be constructed so
that they can be folded or renoved when water is at normal |evels, to prevent
obstructing views of the river or access to the riverbank (Figure 4-15). A
fol ding floodwall consists of a series of concrete panels on hinges. The
panel s can be raised quickly to a vertical position using a small crane. Once
in the vertical position, netal braces that are stored under each panel are
bolted to the concrete for additional support. Rubber seal ant and gaskets are
used to fill cracks between and under panels to nake the structure watertight.

Fi gure 4-14. M ssissippi stern-wheel er showboat that was
preserved by being built into the Cinton, lowa, |evee
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a. Floodwall in the

b. Floodwall in the raised position

Fi gure 4-15. Monroe, La., folding floodwal
(USAED, Vi cksburg)
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Renovabl e fl oodwal | s (Figure 4-15) are designed with a base structure | ow
enough to permit viewi ng and contain several openings through which users may
pass. Panels are bolted onto the basic support structure during periods of

fl oodi ng. Once the panels are installed and plastic sealant is applied to
joints, the structure provides full protection. The appearance of concrete
wal | s can be inproved by coloring, texturing, or the use of special form
liners. Aesthetic treatnents for concrete are described in OCE (1969).

4-9. Special Considerations for Urban Projects.

a. General. Consideration should be given to inclusion of recreation
features during the planning of water resource projects. An attractive
project with well-designed recreational features can have a positive effect on
public perception of a channel project (Figure 4-16).

Figure 4-16. Architectural treatnment for aesthetics, punping
station in city park, Mnot, N Dak. The arrow points to a
fireplace for public use

b. Aesthetic Considerations. Because of the high visibility of urban
proj ects, consideration of aesthetics is inportant in project planning. Para-
graph 3-6 of this manual provides gui dance for visual quality assessment of a
proj ect area and evaluation of visual inpacts of alternatives. The follow ng
features can be used to neet design objectives for aesthetics and to reduce
adverse visual inpacts.

(1) Channel linings, paved surfaces, and concrete. Vegetation may be
the nost visually pleasing cover for channels, banks, and |arge open areas.
Natural materials such as gravel or cobble may be used effectively for chan-
nel s requiring nonvegetative linings and for paved areas. Aesthetic concrete
treatnments are discussed in paragraph 4-8f.

(2) Water displays. Project designers can capitalize on the aesthetic
i mportance of water by using falls, fountains, cascades, and reflecting ponds
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as focal points. Sills and deflectors can be used to create turbul ent
cascades in channels. Water displays generally require several feet of head
(such as at danms or grade control structures) and continual flow

(3) Vegetation. Ground cover, usually grass, should be planted as
qui ckly as possible followi ng final grading. Trees and shrubs can be sel ected
and pl aced for maxi mum vi sual effect. The hydraulic, geotechnical, and cli-
matic condition at the site nust be taken into consideration when selecting
plants. In addition, other general considerations in the selection and pl ace-
ment of trees and shrubs include the follow ng:

(a) Avoid uniform spacing.

(b) Concentrate plantings in areas of intensive use, high visibility,
and superior aesthetic quality.

(c) Stake shrubs and trees and, where necessary, provide protection from
rabbits, beavers, and other aninmals.

(d) Use exotic species with caution; experience has shown a better sur-
vival rate using native rather than exotic species.

(e) Irrigate or manually water plantings |ong enough to ensure survival
Performance criteria guaranteeing mnimal survival rates after specified
peri ods of tine may be used in planting contracts.

(f) Select, place, space, and prune ornanmental trees and shrubs pl anted
within flood channels so that they will not hinder flood fl ows.

(g) Use | ow mai ntenance varieties wherever possible.

(4) Fencing. Either design fencing to blend with the setting by using
col ors and substances that are natural in appearance and do not contrast wth
surroundi ngs, or design it as a mmjor visual elenent by using ornanental iron
or wooden desi gns.

(5) Architectural design. Design and place structures so that they
bl end harnoni ously with other |andscape el ements and with the surrounding
envi ronnent. Subdued earth col ors, generous use of wood, and textured fin-
i shes can be used to enhance visual effect. Structures in floodways should be
designed for renoval prior to flooding or should be secured against flotation
made as fl oodproof as possible, and designed and | ocated for mniml flow
resi stance.

(6) Bridges and | owwater crossings. Trail crossings should be designed
so that they are attractive as well as functional. Were feasible, |owwater
crossings are cheaper and |l ess visually intruding than bridges. Low water
crossings may be placed on the channel invert or raised slightly, as in step-
pi ng stone and | ow cul vert designs. Unless they are designed to float during
flood events, bridges should be above the design water surface and shoul d not
trap debris. Refer to WES TR E-85-3 for illustrations of |owwater crossing
desi gns and phot ographs of a floating foot bridge used over the South Platte
Ri ver in Denver.
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Cc. Recreation. Bngineer Regulation 1105-2-100 |imts Federal participation
inrecreation facilities to basic facilities that are for use by the general
public and are not ordinarily provided by private enterprise or on a conmercial
or self-liquidating basis. Safety and nai ntenance factors nust be taken into
consideration in the design of recreation features. BM 1165 2-400 (Appendi x B
provides a checklist of facilities that nay be provided in recreation
devel opnent at Qorps water resource projects and provi des cost sharing gui dance
for these facilities.

(1) Highbefeatures. Described bel oware sone of those features eligible
for inclusionin flood control channel projects.

(a) Trails. Trails for hiking, jogging, biking, and equestrian use and
assoclated facilities such as picnic areas, parking, confiort stations, etc.,
are popul ar recreational features on flood control channel projects. Vdl ki ng
and biking trails should be surfaced for all-weat her use, and fencing shoul d be
provided in areas where user safety could be a problem Barricades shoul d be
provi ded in hazardous | ocations, and bollards or other devi ces shoul d be used
to exclude notorized vehicles. Trails for notorized vehicles, such as trail
bi kes and snownobi | es, shoul d be | ocated far enough fromrecreation sites so
that other visitors wll not be annoyed by noise. Trails that tieinto
existing tria systens shoul d be conpatibl e i n appearance and constructed to
equi val ent standards. A good systemof signs to provide direction, distances,
and locations is essential . Extensive trail systens usually require
grade-separated crossings at street and road Intersections. Trails, trail
crossi ngs, and associ ated facilities shoul d be accessible to and usabl e by
physi cal | y handi capped persons. Fotentia erosion probl ens shoul d be taken
Into considerati on when designing these trails.

(b) MNature study areas. Natural areas that support unusual or uni que
ecosystens, possess a variety of natural conditions (geology, soils, etc.), or
arerichinbiologca dversity are well suited for nature areas. Severed
bendways, cutoff islands, and wetlands naintained in a natural state are
potential nature study area locations. Interpretive displays and signs
Increase the val ue of nature areas as outdoor classroons and | earni ng
rﬁ%rces. Trails, signs, and structures should not detract fromthe natural
t )

(¢) Ganpgrounds and picnic areas. Hood control channel projects often are
adjacent to sites suitable for devel opnent as picnic areas or canpgrounds, and
these facilities are popul ar visitor attracti ons. Gui dance on sel ecting
nuners and types of facilities based on anticipated use and on desi gning the
layout and pl acenent of facilities is available in BM1110-2-400.

(d Haygrounds and playing fields. Haygrounds and playing fields are
vell suited for flood channel projects that include parks and canpgrounds.
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A though Qurps policy no longer permts cost sharing for special - purpose
facilities such as tennis courts and softbal | di anonds, general - purpose pl ayi ng
fields can be included. Children's playgrounds can al so be included, as |ong
as they do not enpl oy el aborate desi gns.

(e) Scenic overlooks. Scenic overlooks can be | ocated at sites that
provide attractive views. Qverl ook parking areas shoul d contain a nini num of
10 spaces (10 by 20 feet), but no nore than 30 spaces. Additional facilities
that nay be included are buil dings, covered observation platforns, benches,
toilet facilities, water supplies, trash receptacles, and signs or displays
that describe the nature and extent of the project.

(f) Hstoric sites and structures. Hstoric resources nust be taken into
account in fornul ating reconmendations for project authorization and
i npl enent ati on. Engi neer Regul ation 1105-2-100, Ghapter 7, defines historic
resources as any prehistoric or historic district, site, building, structure,
or object included inor eligible for inclusion inthe National Register.
Preservation of historic properties through avoi dance of effects is preferabl e
to any other formof mtigation. Vilere historic sites exist and can be
preserved, they can often be incorporated into recreational plans as centers of
attraction (Hgure 4-17).

(90 Hshing access areas. H shing access areas should be |ocated at easily
accessi bl e pools or structures that attract fish. Access areas nay incl ude
parking, boat ranps, water supply and sanitary facilities, trails, and fishing
structures. Hatforns and steep banks shoul d have fences or safety railings.

(h) Boating, canoeing, and rafting. Sudies shoul d be undertaken to ensure
that flows and vater quality are adequate before boatways are pl anned for fl ood
control channels. If heavy boating use is anticipated, flood channel s shoul d
be desi gned to provi de adequat e access, suitable |owflowdepths, and as few
obstructions as possible. Slls and fish habitat structures shoul d be desi gned
so that they wll not be hazardous to boaters. Wirs, drop structures, and
other barriers nust be bypassed or nodified for boat passage, or safe portages
nust be provided. Appropriate warning signs are needed upstreamof boating
hazards, obstacl es, and boat chutes. Boating should be prohibited at unsafe
discharges, and clearly narked staff gages or renovabl e warni ng si gns shoul d be
provided at all boating access points. Technical Report E853 (VS provides
exanpl es of nodified structures and boatways on fl ood control channels. Hgure
4-18 is an exanple of a flood control structure where boating activities have
been carefully Integrated into the design.
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a. Espada Aqueduct, circa 1900

b. Espada Aqueduct in 1977

Figure 4-17. Espada Acequia. A flood control diversion
channel was built to protect this historic Spanish
aqueduct fromundercutting by flood flows (USAED

Fort Worth)
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4-10. Slection of Hwironnental Features for a Gven R oj ect.

a. Ewironnental (pjectives and Ewironnental Features. Several options
usual |y exist for neeting the environnental objectives or mtigation needs of a
given proect. Ewvironnental features nost often used to effectively address
specific environnental obj ectives are shown in Tables 4-1, 4-2, and 4-3. Mre
detailed infornation regarding feasibility of environnental features for
specific projects is available wthin the BNDONVmcroconput er program The
ENDONprogramnay be obtai ned by sending one fornatted bl ank 360-KB fl oppy
diskette to (B/ESIMSC PO Box 631, M cksburg, M 39180-0631.

Fgure 4-18. onfluence Park boat chute, South Hatte Rver, Denver. A
series of 12 pools and weirs drop 10 feet over a run of 330 feet.
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Table 4-1
Envi ronmental Features for Channel Side Slope Protection
If you wish to: Consi der using:
Maintain or inprove terrestrial rei nforced revetnment, toe protection, bank
ri parian habitat val ue sl opi ng and revegetation, vegetation,

stream corridor managenent, fencing and
buf fer strips, or floating plant
construction

Provi de stable substrate for ben- riprap or quarry-run stone, gabions, or
thi c macroi nvertebrates hard points

Provide or maintain fish habitat tree retards, tree revetnents, hard
points, earth core dikes

| prove or maintain aesthetic veget ati on, conbi nati ons of vegetation and
resources structure (conposite revetnent, excavated
bench, earth core dikes, and revegetation
of riprap), fencing and buffer strips,
stream corridor managenent, selective
clearing, or earth core dikes

Provi de access to stream for conposite revetnent, berm preservation and
recreation and/or wildlife restoration, bank sloping and revegeta-
tion, channel relocation, revegetation of
ri prap, or stream corridor managenent

* Descriptions of these techniques are given in WES TR E-84-11

Thi s manual does not mandate use of any particul ar design or feature for any
project. Conversely, features not associated with a specific objective in the
tabl es bel ow may be successfully used to achieve that objective in sone situa-
tions. Innovation is encouraged.

b. Feasibility of a Gven Feature. The success or failure of a given
environnental feature is nost strongly influenced by stream and watershed con-
ditions. For exanple, although instream habitat structures are often
excel l ent features to preserve aquatic habitat, they are not generally suita-
ble for brai ded or unstable channels, ephenmeral streans, streans wth poor
water quality, or channels with no existing or prospective fishery.
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Envi r onnent al

Table 4-2

Features for Channel s

If vou wish to

Consi der _usi ng:

Limt bed and bank erosion

Avoi d bed aggradation

Prevent ground-water table
| oweri ng

Mai ntain | owfl ow dept hs and
vel ocities

Maintain water quality

Preserve aquatic habitat

Avoid | oss of riparian vegetation

Create or maintain terrestria
di versity

(Cont i nued)

nmeandering alignments, grade contro
structures, side slope protection, arnor,
channel lining (asphalt or concrete), veg-
etative plantings, or vegetative buffer
strips

 ow and normal -fl ow channel s, sedi nent
traps, revegetation of disturbed areas,
sel ective cl earing and snaggi ng, or
vegetative buffer strips

wat er-1 evel control structures, greentree
areas, or mai ntenance of oxbows

| ow- and normal -fl ow channel s, fl oodways
and bypass channels, pools and riffles,

i nstream habitat structures, water-|eve
control structures, or sedinent traps

sel ective cl earing and snaggi ng, single-
bank construction, vegetative buffer
strips, floodways and bypass channel s,

| ow and nornmal -fl ow channel s, or

di version of flowto allow dry excavation

sel ective clearing and snaggi ng, instream
habi tat structures, single-bank nodifica-
tion, neandering alignnents, pools and
riffles, construction of substrate, fish-
ways, water-level control structures,

mai nt enance of oxbows, or seasona
restrictions on construction activities

sel ective cl earing and snaggi ng, single-
bank nodification, greentree areas, vege-
tative plantings, revegetation of

di sturbed areas, preservation of islands
formed by bendway cutoffs

stream corridor managenent, vegetative
pl antings, or shaping and pl acenent of
dredged and excavated materia

* Descriptions and additional information regarding these environnmental
features are contained in WES TR E-82-7 and TR E-85-3.
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Tabl e 4-2 (Concl uded)
If you wish to: Consi der usi ng:
Create wetl ands greentree areas, oxbow maintenance, place-
ment of dredged or excavated materia
| nprove or preserve instream meandering alignments, pools and riffles,
aest hetics si ngl e-bank nodification, water-|evel con-

trol structures, water displays, specia
materials and finishes for channel walls

| nprove or preserve streanside sel ective cl earing and snaggi ng, single-
aest hetics bank nodification, vegetative plantings,
contouring dredged material disposa
areas, preservation of vegetated buffer
strips, special finishes for concrete,
wat er di spl ays

| nprove or preserve instream sel ective clearing and snaggi ng, |ow and
recreation opportunities normal - fl ow channel s, water-|evel contro
structures, oxbow and bendway nai ntenance
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Table 4-3

Envi ronnental Features for lLevees and Fl oodwall s

If vou wish to

Consi der _usi ng:

Provi de fish habitat

Preserve or create wetl ands

Preserve or create upland habitat

Provi de recreation opportunities

| mprove or maintain aesthetic
resour ces

speci al designs for borrow pits and col -
| ection ponds, water control structures,
or fish shelters in borrow pits

avoi dance neasures, alignnent of |evee to
i ncrease riverside |and area, mninimal

cl earing, overdesign of drainage ditches,
artificial islands in borrow pits and

col l ection ponds, or vegetation

avoi dance measures, tree preservation,

m ni mal clearing, overbuilt |evee enbank-
ments, vegetation, brush piles, fencing,
or selective vegetation mai ntenance and
management

speci al designs for borrow pits and col -

| ection ponds, roads and trails, interpre-
tive features, observation areas, boat
ranps, fishing access, or sw nming beaches

ornanent al plantings, special designs for
borrow pits and coll ection ponds, folding
floodwal I s, or special architectura
treatments for floodwalls, punping sta-
tions, and other structures

* Descriptions and additional information regarding these features are

contained in WES TR E-85-7.



