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1. Purpose. This nmanual provides gui dance for incorporating environnental
considerations in the pl anni ng, engineering, design, and construction of flood
control channel s, |evees, and associated structures.

2. Applicability. This nanual applies to all HQBAX QCE and fiel d operating
activities (FO having responsibility for the engi neering and desi gn of civil
works proj ects.

3. Dscussion. This nmanual pertains to projects that involve nodifications of
natural streamchannel s to reduce danages due to floodi ng, bed scour, or bank
erosion. The enphasis of this nanual is on channel s not open to commerci al

navi gati on. Channel nodifications for flood and erosion control include

cl eari ng and snaggi ng; channel straightening; channel enlargenent; streanbank
protection; channel 1 lining; and construction of grade control structures,
culverts, levees, and floodwal | s. This nanual covers sone of the principal
environnental factors that shoul d be considered in projects that invol ve stream
channel nodification, as well as opportunities for incorporating environnental
features for attaining environnental quality objectives.
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GHAPTER 1
| NTRCDUCTI ON

1-1. Purpose. This nanual provides gui dance for incorporating

envi ronnental consi derations in the planni ng, engineering, design, and
construction of flood control channels, |evees, and associ at ed

struct ures.

1-2. Scope. This nanual pertains to projects that invol ve nodifications
of natural streamchannel s to reduce danages due to floodi ng, bed scour,
or bank erosion. Athough sone of the infornation bel ow nay be applied to
nodi fication of large rivers, the enphasis of this nanual is on channel s
not open to commerci al navigation. Channel nodifications for fl ood and
erosion control include clearing and snaggi ng; channel strai ghtening;
channel enl argenent; streanbank protection; channel |ining; and
construction of grade control structures, cul verts, |evees, and

fl oodwal | s. This nanual covers sone of the principal environnental factors
that shoul d be considered in projects that invol ve stream channel

nodi fication, as well as opportunities for incorporating environnental
features into these projects. This nanual is intended to be conpati bl e
wth BM1110-2- 1601 and BM 1110- 2- 1913.

1-3. Applicability. This manual applies to all field operating activities
having A vil Vérks responsibilities.

1-4. References.
a. 33 R 208. 10, Local Hood Protection Vrks; Mi ntenance and
(peration of Sructures and Facilities.

b. 40 OFR 1500-1508, Regul ations for |nplenenting the Procedural
Provisions of the National Environnental Policy Act.

c. ER 200-2-2.
d. ER 1105- 2- 100.
e. ER 1110- 2- 400.
f. ER 1130-2-303.
g. ER 1130-2-335.
h. ER 1130- 2- 339.
i. ER 1130- 2- 400.
j. ER 1130- 2- 405.
k. ER 1165- 2- 26.
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. ER 1165-2-27.
m ER 1165-2-28.
n. ER 1165- 2- 400.
o. BM1110- 1-400.
BEM 1110- 2- 38.

o ©

BEM 1110- 2- 301.
BEM 1110- 2- 410.

-

s. BM1110-2- 1201.

t. BM1110- 2- 1601.

u. BM1110-2-1913.

v. BP 1110-1-3.

w BEP 1165-2-1.

X. EP 1165-2-501.

y. Qar, Mchael, et al. 1983. "Restoration Techni ques for Probl em
Soils at Gorps of Engineers onstruction Stes,” Instruction Report
BH-83-1.*

z. Henderson, J. E, and Shields, F. D, Jr. 1984. "Ewironnental
Features for Sreanbank Protection Projects,” Technical Report E84 -11.
aa. Hynson, J. R, et al. 1985. "Environnental Features for Sreans ide

Levee Proj ects,” Technical Report E857 . *

bb. Lee, C R, et al. 1985. "Restoration of ProblemSoil Mterials at
Qorps of Engineers onstruction Stes,” Instruction Report BH-85-2 . *

cc. Nunnally, R N, and Shields, F. D, Jr. 1985. "Incorporation of
Environnental Features in Hood Gontrol Channel Projects,” Technical
Report E85-3.*

dd. Shields, F. D, Jr. 1982. "Environnental Features for
Hood-Gontrol Projects,” Technical Report E82-7. *

ee. Sardon, R C, et al. 1988. "M sual Assessnent Procedures for
US Arny Gorps of Engineers,” Instruction Report H-88-1. *

* Avai | abl e from Technical Infornmation Genter, US Arny Engi neer
Vét ervways Experinent Sation, POBox 631, M cksburg, M5 39180- 0631.
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1-5. bl i ography. B bliographic references are indicated as needed in the
text and are listed in Appendi x A These docunents are avail able for | oan
fromthe US Arny Engi neer Véterways Experinent Sation (VEES) Techni cal
Information Center Library, PO Box 631, M cksburg, Mssissippi 39180-0631.
In addition, copies of the reports are avail abl e through the National
Technical Information Service (NS, 5285 Port FRoyal Road, Springfield, VA
22161.

1-6. Background.

a. We of this manual requires know edge of Gorps authority in
fl ood danage reduction and environnental policy. Engi neer Panphlet 1165-2-1
provides a digest of Gorps authorities. Engi neer Regul ation 1165-2-26
requires that the Gorps provide | eadership and take action to restore and
preserve the natural and beneficial val ues of the 100-year floodplain and to
avoi d devel opnent in the 100-year floodplain unless it is the only
practicable alternative. Policy docunents addressi ng environnental issues
i ncl ude ER 1105-2-100, chapter 7, which points out that it is nationa policy
that fish and wldlife resources conservation be given equal consideration
wth other study purposes in the fornmul ation and eval uation of alternative
plans. Also, historic properties that are included or are eligible for
inclusion in the National Register of Hstoric Faces nust be considered in
formul ati ng recommendati ons for project authorization and i npl enentati on.
Goordination wth the Sate Hstoric Preservation Gficer and the Advisory
Qouncil on Hstoric Preservation is required. Engi neer Regul ation 2 00-2-2
provi des gui dance for preparation of environnental inpact statenents.

b. Engineer Regul ation 1165-2-28 states that environnent al
enhancenent is an objective of Federal water resource prograns to be
considered in planning, design, construction, operation, and nai nt enance of
projects and that opportunities for enhancenent of the environnent shoul d be
sought through each phase of project devel opnent. Engi neer Panphl et
1165-2-501 outlines the Gorps policy and objectives for full consideration of
the environnent in planni ng, devel opnent, and nanagenent of water and rel ated
| and resources, consistent wth environnental statutes and executive
gui del i nes.

c. Engineer Regul ation 1165-2-27 provi des gui dance for the planning
and establ i shment of wetlands using dredged naterial fromwater resources
devel opnent projects. Rel evant guidance in the area of recreation incl udes
ER 1165- 2-400, BM 1110-2-410, ER 1130-2-400, ER 1110-2-400, and EM
1110- 1- 400, Change 1. Engi neer Regul ation 1130-2-405 provi des gui dance for
overload vehicle trails.

1-7. (hecklist of Data Sources . Potential sources of data for planni ng and
design of environnental features for flood control channel projects are
listed in Appendi x B. These data nay be available at the Dstrict office,
and the various functional elenents (e.g., hydrol ogy, hydraulics,

envi ronnent al resources and geot echni cal ) shoul d be consul ted. Goordi nati on
anong these el enents can also facilitate interpretation of the data in the
context of the project.
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1-8. Design Procedure. Appendix Cis provided to illustrate howthe
information in this nanual can be integrated into a project.

1-9. Qossary. Aglossary of terns used in this nanual is provided
fol l ow ng the appendi xes.

1- 4
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CHAPTER 2

STREAM CHANNEL MODI FI CATI ON AND ASSCOCI ATED
ENVI RONVENTAL EFFECTS

2-1. Channel Modification Designs. The basic concept of all flood contro
channel designs is to reduce flood area and duration by providing a snoot her,
steeper, or larger channel than the existing stream Design capacity criteria
vary based on project settings. Projects in agricultural areas are often
designed to reduce flood durations during planting, grow ng, or harvesting
seasons, while urban channels are typically designed to elimnate flooding in
the protected area for all floods snaller than or equal to design events.
Several types of channel nodifications are commonly used to achi eve project
pur poses, and nost projects include several types of channel designs that vary
fromreach to reach. This chapter discusses sone potentially deleterious

ef fects of channel nodifications, and designers aware of these effects can
mtigate them Potential environmental problens can be brought into the open
when trade-offs are being made during project formulation di scussions with

| ocal interests.

a. Clearing and Snagging. Clearing refers to renpval of woody vegeta-
tion and debris from channel banks and adjacent areas, while snagging refers
to the renoval of debris, |logs, and boulders fromthe channel. C earing and
shaggi ng are sometines enployed as individual techniques and are normally
required for other types of channel nodification. Hydraulic effects of clear-
ing and snagging tend to be short lived relative to other types of nodifica-
tion, and cleared and snagged channels often require frequent maintenance or
r ewor ki ng.

b. Excavated Channels. Natural channels are often straightened,
enl arged, or both to increase flow capacity or to allow for placement of other
structures. Diversion channels are sonetinmes constructed to provide a sepa-
rate path for high flows to a receiving water body and to suppl emrent channe
capacity. Excavated channels traditionally have had straight alignments and
trapezoi dal cross sections, although nore conpl ex designs are being used with
i ncreasi ng frequency. Channel excavation often requires significant clearing
to allow for channel rights-of-way, equipnment access, and placenent of exca
vated material. Dry excavation techni ques, draglines, clanshells, and hydrau-
lic dredging are all conmmonly used for channel excavation. Straightened
channel s often include features such as grade control structures, slope pro-
tection, or paving to prevent channel erosion and instability. Slope protec-
tion and grade control structures are also sonetinmes used on natural or
slightly nodified channels to control bed and side slope erosion

c. Paved Channels. Channels designed to carry high-energy flows are
frequently paved with nonerodi ble material, usually reinforced concrete.
Paved channel s are expensive to construct and are accordingly limted to areas
with steep topography or where | and costs are high. Concrete channels some-
ti mes have rectangul ar cross sections to mnimze |land requirenents.

d. Side Slope Protection. Side slope protection is incorporated into
channel design when erosive velocities are expected to occur and is w dely
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used to prevent erosion along natural channels. WES Technical Report (TR
E-84-11 and Allen (1978), Keown et al. (1977), and O fice, Chief of Engi-
neers (OCE) (1978, 1981c) (see Appendi x A) contain thorough revi ews and
descriptions of side slope protection nethods. Methods may be categorized as
continuous or intermttent, with riprap revetnent as an exanple of continuous
protection while groins and hard points are intermttent designs. Vegetation
and rock riprap are two of the nost comon materials for slope protection, but
gabions, tires, soil stabilizing chenicals, and other materials are sonetines
used. Construction of slope protection usually involves clearing for access,
sl ope gradi ng, and pl acenent of the protective materials or structure.

e. FErosion and Sedi ment Control Structures. Several types of structures
have been used to control scour and deposition in natural and nodified
channel s.

(1) Grade control. Degradation of the channel invert nay be prevented
by pl acing concrete, stone, or sheet piling stabilizer sills across the chan-
nel invert. Stabilizers usually do not extend above the channel invert. Drop
structures may al so be used to provide sudden changes in channel invert eleva-
tion without erosion. Drop structures are used to reduce the gradient of the
mai n channel and to adnmit tributary inflows to a deepened mai n channel w thout
headcutting. Generalized sketches of stabilizers and a grade control struc-
ture are presented in EM 1110-2-1601

(2) Debris basins and check dans. Debris basins and check dans are
sometinmes built upstream of flood control channels to trap | arge bed-| oad
debris. Sedinent basins are sonetinmes used in a sinmilar fashion to trap
smal l er sedinments. This is done to prevent damage to channel I|inings, aggra-
dation of channels, and deposition at stream nouths. The storage capacity of
debris and sedi nent basins nmust be maintained by reexcavation after major
storm peri ods.

f. Culverts. Concrete channels are covered at street crossings and in
some intensively used areas, thereby form ng box culverts. Corrugated netal
or reinforced concrete culverts are used to pass flow through enmbankments such
as roadfills. Culverts sonetinmes devel op problenms with debris bl ockage or
downstream scour. (See ER 1165-2-118 on covered fl ood control channels.)

g. Levees and Floodwalls. Levees are earthen enmbankments that provide
flood protection from seasonal or infrequent high water. |In urban areas where
l and costs are high, concrete or masonry walls may be used instead of |evees
since they require so nuch | ess space than a sl oped enbanknent. Soneti nes
floodwal | s are constructed on top of |evee enbankments. Both | evees and
floodwal | s are frequently used in concert with various types of channel nod-
ification. Levee construction usually requires clearing to allow for earth-
novi ng equi prent access, excavation of borrow areas, and placenent of the
embankment. After construction, |evee side slopes are seeded or sodded, and
vegetation on levees is carefully maintained to avoid conditions that mnight
i npede inspection or endanger structural integrity of the | evee during floods.

2-2. Ceneral Environmental Effects. Environmental effects of channel nodifi -
cation are difficult to categorize because they are interrelated in conplex
ways. In general, effects may be categorized according to the nature of the

2-2
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af fected resource: aesthetics, recreation, water quality, terrestrial hab-
itat, and aquatic habitat. Effects may al so be considered primry, secondary,
or tertiary. For exanple, straightening a particular hypothetical channe
results in rapid bed and bank erosion (primary inmpact), which degrades down-
stream water quality due to increased | evels of suspended sedi ment (secondary
i mpact), which adversely affects the aesthetics and aquatic habitat (tertiary
i npacts). The effects of channel nodification on water chem stry, and partic-
ularly the biotic comunity, are difficult although not inpossible to neasure.
Ef fects on aesthetic and recreational resources are difficult to quantify, and
perception of significance varies fromindividual to individual. Typica

physi cal changes and environnental effects due to channel nodification w thout
envi ronnental consideration are depicted in Figure 2-1. Mst channel projects
do not begin with natural unaltered streans; hence, the designer may have the
opportunity, particularly in urban settings, to greatly inprove the streams
environnental conditions. A literature review of the environmental effects of
channel projects is provided by Swal es (1982).

2-3. Effects of Snagging. Effects of snagging apply to all channel projects
except for clearing performed without snagging, which is extrenely rare.
Snaggi ng may have a positive effect on aesthetic and recreational resources
and is occasionally performed to i nprove boating access. The main effects of
shagging relate to aquatic habitat.

a. Invertebrates. Renpval of snags usually allows deposits of |eaves,
twi gs, and fine-grained sedinments to be swept downstream These deposits are
key habitat and nutrient conmponents for many invertebrates (fish-food organ-
isns). In streans with sandy, shifting beds, snags and the organic debris
they trap are the only suitable substrate for many species.

b. Fish. Snaggi ng reduces the area of structures used by both forage
and predator fish for cover, orientation, and territoriality. This simlarly
reduces the total substrate available for primary producers (e.g., algae and
nosses) and sonme invertebrates.

2-4. Effects of Cearing. Limted clearing and debris renoval can inprove
aesthetics and recreational opportunities, but renpval of all woody riparian
vegetati on often has a net detrinental effect on aesthetics and recreation
Maj or effects of clearing have to do with alteration of terrestrial habitat in
the valuable riparian zone. Aliterature review of the environmental effects
of clearing and snaggi ng can be found in WES TR E- 85- 3.

a. Water Quality. Water quality eff cts of clearing are nostly due to
reduced shade and, accordingly, are nost significant for small channels.
Shade renmoval may result in increased water tenperatures and increased |evels
of in-channel photosynthesis, which nmay produce secondary water quality
i npacts such as diel changes in dissolved oxygen and pH

b. Terrestrial Habitat. Streanbanks and associ ated vegetation are
extremely productive and val uabl e habitats due to the rich supply of nutrients
and noi sture, the "edge effect" between the riparian zone and the adjacent
upl and on one side and water on the other, and the diversity of physical con-
ditions created by channel mgration and vegetative succession. The el ongate
shape of the riparian zone creates a high edge-to-area ratio and often

2-3
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NATURAL CHANNEL

Suitable Water Temperatures:

Adequate shading; good cover for fish life; mimimal
variation in temperatures; abundant leaf material
input.

Pool-Riffle Sequence

Pool
st sand &
tine gravel

Riffle

coarse gravel

Sorted gravels provide diversified habitats for
many stream organisms

MANMADE CHANNEL

Increased Water Temperatures:

No shading.; no cover for fish life. rapid daily and
seasonal fluctuations tn temperatures, reduced
leaf material input

Mostly Riffle

SRS
Unsorted gravels: reduction in habitats, few
organisms

POOL ENVIRONMENT

‘@ High Flow ‘m

Diversity of Water Velocities:

High in pools, lower in rnffles. Resting areas
abundant beneath undercut banks or behind large
rocks, etc

Sufficient water depth to support fish and other
aquatic hfe during dry season

High Flow
Nty

‘\‘1n-u-'uu"'/r

May have stream velocity highar than some
aquatic life can withstand. Few or no resting
ptaces.

Low Flow

Insufficient depth of flow during dry seasons to
support diversity of fish and aquatic life. Fewf any
pools (all riffle)

changes and attendant environmental
desi gn

Figure 2-1. Typica
i npacts due to channe
conponents (from Nunnally and Kel | er

physi ca
nmodi fi cati on wi thout environnental
1979)
provides a natural corridor through devel oped areas. In prairies and deserts,
riparian zones provi de an extrenely sensitive, scarce, and val uable type of
habi tat. Renmoval of riparian vegetation by clearing for channel construction
or mai ntenance, by induced | and use changes, or by natural succession caused
by drier conditions results in adverse inpacts upon dependent faunal species.
Long-term effects depend on the extent and frequency of maintenance and the
rate of vegetative succession.

c. Aquatic Habitat. Renmoval of riparian vegetation results in reduced
i nputs of |eaves and tw gs, which are inportant as a food base for sone
aquati c organi sns, and increased in-channel photosynthesis (if photosynthesis
is light limted). These changes can shift the aquatic ecosystemfrom a

| east for small streans in the
Loss of overhangi ng vegetation

heterotrophic to an autotrophic state, at
northeastern and northwestern United States.
al so renoves hiding cover for fish
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d. Oher Effects. Shade renpval may result in invasion of the channe
by rooted plants at |ow flows, which can increase hydraulic resistance and
reduce flow capacity. Clearing can al so reduce bank stability and result in
i ncreased bank erosion, depending on |ocal soil characteristics and channe
vel ocity.

2-5. Effects of Channel Excavation. The primary effects of channel straight-
eni ng and enl argenent are usually the renoval of riparian vegetation and
changes in channel stability and in the hydraulic and hydrol ogic regime.
Clearing may be reduced adjacent to enlarged channels as a result of the
reduced flood risk. Additional information is available in WES TR E-82-7 and
WES TR E-85-3. Effects associated with clearing are addressed in para-

graph 2.4 above.

a. Channel Instability. Inproperly designed excavated channels can
experi ence problens with rapid scour of bed and banks, unwanted sedi nment
deposition, and increased sedinent |oads. Channel instability increases
mai nt enance costs, degrades water quality and habitat, and may result in
damage to bridges and utility crossings.

b. Hydrologic and Hydraulic Effects. Hydrologic and hydraulic effects
of channel projects vary widely and can be divided into primry effects, which
are intentional, or at least anticipated (e.g., lowered water tables and
decreased overbank flooding), and side effects, which are unintentional and
usual ly not anticipated (e.g., nore rapid water-1level fluctuations, wetland
drai nage, greater variation of discharge, and increased downstream fl ood
storage). These side effects are usually not well docunmented. For exanpl e,
drier conditions on nearby floodplains and contiguous wetlands can result in
i nduced | and use changes or shifts in floral and faunal communities. Large
i ncreases in nean and maxi num vel ocity or decreases in nean and mini num depth
can be extrenely detrinmental to aquatic organi sns.

c. Aesthetics. The aesthetic value of a project area is determ ned by
t he conbi nati on of | andscape conponents (e.g., landforms, vegetation, and | and
use), climatic factors, and human perceptions or expectations. The signifi-
cance of aesthetic effects is a function of changes in | andscape conponents
caused by a project and factors related to frequency of view ng and project
setting. Mddified channels sonetinmes present a uniform artificial appearance
characterized by straight |ines and early-successional stage vegetation. On
the other hand, a channel with an overall uncluttered appearance and gracefu
bri dges may be nore harnonious with some urban settings than the eroded,
debris-laden streamthat preceded it. Aesthetic inpacts tend to be nopst
severe for channels with straight alignments, extensive clearing, or instabil-
ity problens.

d. Recreation. Channel excavation effects on recreational resources can
be positive or negative and are related to changes in channel depths and
velocities, water quality, access, and aesthetics. Habitat changes affect
consunptive and nonconsunptive uses of fish and wildlife.

e. Water Quality. Water quality changes associated with channel excava-
tion vary widely fromsite to site. Many projects are |ocated in urban areas
and exhibit poor quality prior to channel excavation. Inproved flood contro
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sonmet i mes encour ages expansion of agricultural and industrial activities that
may in turn contribute to degraded water quality. Turbidity generally

i ncreases during construction. Tenperature can be expected to increase if
shade is renoved froma |long reach that is narrow enough to be nostly or
totally canopi ed. Dissolved oxygen concentrations may increase or decrease,
dependi ng on the effects of channel nodification on tenperature, photosyn-
thesis, and reaeration.

f. Terrestrial Habitat. Major effects of channel excavation on terres-
trial habitat are related to clearing and induced | and use changes in riparian
zones (see paragraph 2-4). Inproved drai nage and water table | owering caused
by channel excavation can adversely affect wetlands sone di stance fromthe
channel

g. Aquatic Habitat. The effects of channel straightening and enl arge-
ment on aquatic habitats are simlar to those associated with snaggi ng and
clearing (described in paragraphs 2-3 and 2-4). In addition, channe
strai ghtening wi thout preservation of nmeanders may result in a reduction in
the quantity of aquatic habitat, sonetinmes by as much as 50 to 60 percent.
Even when cutoff nmeanders are left in place to provide habitat, if not prop-
erly designed they often gradually drain, fill with sedinent, or undergo water
qual ity degradation. Channel enlargenent projects may induce flow interrup-
tions during dry periods with resulting inmpacts on aquatic conmunities.

(1) Bent hi ¢ macroi nvertebrates. Benthic nacroinvertebrates have been
observed to recol onize nodified reaches rapidly if water quality and substrate
in the nodified reach are favorable. Channel projects that do not destroy the
arnor |layer or reduce the overall bed material (substrate) size provide a nore
sui tabl e benthic habitat. Sandy bed material tends to be shifting and
unst abl e and have | ow benthi c macroi nvertebrate density.

(2) Fi sh. Fish populations in enlarged or strai ghtened channels tend
to
be nmore uniformin age and size than in unaltered streanms, with snmaller sizes
domi nating. Fish species diversity, density (both numbers and bi omass), and
cat chabl e gane fish nunmbers and biomass tend to decline follow ng channel nod-
ification. These effects on fish popul ations are due to the nore uniform
depths, velocities, illumination, and substrate and to the |oss of cover
| npacts on col dwater streanms tend to be nore severe than for warmater
streans, which is expected due to their |ower species diversity.

2-6. Effects of Channel Paving. Paved channels tend to be acconpani ed by

nost of the inpacts associated with snagging, clearing, and channel excava-
tion, and tend to have additional detrimental effects on aesthetics, water
quality, and aquatic habitat. Parrish et al. (1978) sunmarized studies of the
effects of concrete channels in Hawaii on water quality and aquatic biota, and
many of their conclusions have general applicability.

a. Aesthetics. Conventional reinforced concrete |linings present an
artificial, unnatural appearance relative to a natural stream channel
Straight lines and uniformty of form texture, and color are | ess desirable
than the visual diversity offered by npst natural neandering channels with
veget at ed banks. In sone cases, the appearance of a lined channel may be
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perceived as an inprovenent over a severely degraded setting characterized by
cavi ng banks, solid waste, debris, etc.

b. Water Quality. Some |lined channels have been observed to experience
much greater nmaxi mum water tenperatures and ranges of diurnal fluctuation of
wat er tenperature than nearby natural streanms. These effects are often due to
the wide, shallow flows; |ack of shade; solar heat transfer by the lining
materi al ; and focusing of solar energy by the vertical walls. Qher water
quality paraneters are affected by tenperature. Al gae growh may occur on
unshaded channel bottons and can raise pH |l evels and increase dissol ved oxygen
concentrations during the day. The stability inposed by channel |ining can
decrease | evel s of suspended solids and turbidity.

c. Terrestrial Habitat. In addition to the effects noted in para-
graphs 2-4b for clearing and 2-5f for channel excavation, paved channels with
extremely steep, smooth sides can be inpassable for sone terrestrial aninals.
Access to and across the channel may be prevented, and animals that fall into
t he channel may be trapped.

d. Aquatic Habitat. Effects of channel paving on aquatic habitat are
related to effects on water quality, substrate, and hydraulics. Water quality
ef fects (paragraph 2-6b) can elimnate species or groups of species. The
channel lining itself is a radical departure fromthe natural bed materia
that serves as substrate for benthic organisnms. Many fish species are al so
af fected by substrate changes since they feed upon the benthic organi sns and
require certain types of substrate for spawning. Flows in paved channels tend
to be extrenely shallow at |ow to normal di scharges and extrenely rapid at
hi gh di scharges. These conditions nay be unfavorable to some popul ati ons of
aquati c species.

2-7. Effects of Side Slope Protection. The environmental effects of slope
protection are related to the anount of clearing required and the type and
extent of the protection works. Conpletely stabilized channels are no | onger
free to migrate laterally and to devel op diverse terrestrial and aquatic habi -
tats. Vegetative succession proceeds without interruption from channel nove-
ment, and no new backwater areas are formed to replace those lost to the
natural processes of sedinmentation. Available information regardi ng environ-
mental effects of slope protection is reviewed in WES TR E-84-11

a. Aesthetics. Mst observers perceive the visual contrast between the
natural environnent and nost types of slope protection works as undesirable.
The degree of visual inpact depends on the type of structure, the materials
used, and the anpunt of revegetation allowed. In some cases, revegetation can
conpl etely obscure slope protection structures after a few grow ng seasons,

m ni mzing the visual inpact of the structure.

b. Recreation. Depending on design, slope protection can aid or hinder
access to the water s edge for recreation or sightseeing.

c. Water Quality. Water quality inpacts of slope protection tend to be
simlar to the effects of clearing (paragraph 2-4a). In addition, suspended
solids and turbidity levels tend to increase during construction, but these
decrease after construction is conpleted and side slopes are stabilized.
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d. Terrestrial Habitat. Construction of slope protection has effects on
terrestrial habitat sinmlar to those fromclearing (paragraph 2-4b). Sl ope
protection structures may hinder wildlife access to the channel and preclude
use of banks for denning. Vegetation cleared during construction can some-
ti mes be replaced by natural invasion. At other tinmes, plantings may be
required to ensure devel opnent of particular plant communities to achieve
speci fic objectives.

e. Aquatic Habitat. Slope protection can have both positive and nega-
tive effects on aquatic habitat. Grading and pl acenent of continuous protec-
tion destroys habitat diversity provided by physical features such as snags
and under cut banks, which are used by fish for protective cover. Stone and
other materials provide stable substrate readily col onized by nmany speci es of
bent hi ¢ macroi nvertebrates. Stabilization of adjacent substrate provides
addi ti onal habitat for burrowi ng benthic species. Protection can reduce sus-
pended sedi ment concentrations and turbidity |levels detrinental to aquatic
species. On small streans, renoval of overhanging riparian vegetation can
reduce shadi ng and cause increases in water tenperature and photosynthetic
activity. Placenent of noncontinuous, intermttent structures projecting into
the stream creates protected slackwater habitat on the downstream si des of
structures and encourages deposition of stabilized substrate.

2-8. Effects of Sedinent Control Structures and Culverts. By stabilizing the
channel and preventing rapid transport of |arge volunmes of sedinment, sedinent
control structures usually have positive effects on aesthetics, recreation,
water quality, and aquatic habitat. Adverse inpacts are related to the

appear ance of the structure and bl ockage of migration routes.

a. Aesthetics. Sedinment control structures may inmprove or degrade
aesthetic resources, depending on the degree to which they are visually com
patible with their settings in terns of the scale of the structure and the
color and texture of the materials used.

b. Recreation. Some drop structures provide the opportunity for inclu-
sion of water recreation features such as boatways. However, drop structures
and culverts can be barriers to boaters or canoei sts and shoul d be desi gned
and managed to avoid hazards to boaters, waders, and swimrers at high flows.

c. Aquatic Habitat. Culverts may bl ock fish nmigration due to their
l ength, the vertical drop in the water surface at the downstream end, poor
approach conditions, or flow conditions within the culverts. Drop structures
can simlarly block fish passage. Extrenmely long culverts represent a | oss of
aquatic habitat due to the lack of illum nation and natural substrate.

2-9. Effects of Levees and Floodwalls. The primary environnental effect of

| evee systenms is the creation of drier conditions on the protected floodpl ain,
which frequently |l eads to | and use changes. |f the natural channel is unal-
tered and some riparian habitat is preserved between the | evees, |evees can
have | ess adverse effect on habitats than do other types of channel nodifica-
tion. Reduction of the extent of floodplain inundation may affect the spawn-

i ng success of some speci es.
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a. Aesthetics. Levee embanknments and floodwalls are normally massive
and uniform with rigid, straight lines. Views of the | eveed streamare often
bl ocked. However, |evees may add visual diversity to floodplains devoid of
t opographic relief and provide scenic overlooks of the river and riparian
ar ea.

b. Recreation. Levee projects can inprove access to the | eveed stream
and riparian |ands and | end thensel ves well to several types of recreationa
devel opnent such as trails or fishing in borrow pits. Floodwalls w thout
pedestrian openi ngs can hinder public access to the water edge.

c. Terrestrial Habitat. Substantial ampunts of clearing are sonetines
requi red for enmbankment construction, borrow areas, and access. After con-
struction, the usual practice is to allow only uniformsod with grass 2 to
12 inches high to grow on the | evee enbankment, which is of value only to
speci es inhabiting open areas. The | evee produces drier conditions on the
| andsi de. Land use changes, such as clearing for agriculture, may be induced
on the | andside, while the changed regi me between the | evees alters plant and
ani mal species. In general, the deeper and nore prolonged flooding and the
wi der range of flow fluctuations will restrict the devel opnment of ground cover
and tenporarily alter habitats of dependent animal species such as ground-
dwel | i ng mamal s.
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CHAPTER 3
ENVI RONVENTAL CONSI DERATI ONS FOR PRELI M NARY DESI GN
3-1. Introduction. Environnental factors should be considered fromthe out-

set of flood control channel project planning and design rather than as after-
t houghts. Channel projects frequently offer unique opportunities for

i ncorporation of environmental features. Integrating hydrol ogic, hydraulic,
ecol ogi c, aesthetic, and cultural considerations in the design process is nec-
essary because natural streans are systens conposed of interrel ated physical
chemical, and biol ogical subsystens that are uniquely characteristic to each
proj ect .

a. Subsystem Li nkage. Stream systens are conplex and often differ from
one another with respect to physical and chem cal characteristics and bio-
| ogi cal community structure. Chem cal and biol ogi cal subsystens depend to a
| arge extent on watershed characteristics, stream hydrology, and climatic con-
ditions. Relationships between watershed conditions and stream character-
istics are discussed in paragraph 3-3.

(1) Chem cal subsystem Stream water chemistry reflects the geol ogy and
local climate in the drai nage basin and any point or nonpoint source pollu-
tion. Water tenperature, which controls the solubility of both gases and
solids and the rates of chem cal reactions, is controlled by clinmate, water
source, water use, flow depth, and, for narrow streans, shade

(2) Biological subsystem The plant and ani mal communities of a given
stream are governed both by water quality and the physical characteristics of
the stream Wnger (1981) presents a thorough literature review of stream
characteristics and a general classification of small streans as war mwvater or
col dwater; each type has a characteristic norphol ogy, chem cal regine, and
bi ol ogi cal assenbl age (Table 3-1).

b. Human Use. Human use of a given streamfor recreation or water
supply is al so governed by the constraints inposed by the physical, chem cal
and bi ol ogi cal subsystens. For a given |level of demand, recreational use
depends on wi dth, depth, velocity, accessibility, and water quality. Water
clarity and bacterial quality are nost often used in streamrecreation cri-
teria. Fishery and wildlife resources are controlled by the biological sub-
system and are subject to all the influences it experiences. The aesthetic
value of a streamis a function of the diversity and conposition of the water
resource itself, riparian vegetation, surrounding |andforns, and adjacent |and
uses.

c. Systens and Design. The net environnental effect of stream channe
nodi fication can be inproved by studying the effects on the chenical and bio-
| ogi cal subsystems fromalteration of the physical subsystem In particular
t he desi gner should strive to maintain the existing width, depth, velocity,
and bed material size. Actions that reduce shade (fromriparian trees and
shrubs) are particularly undesirable for small, |ow order streams because
cover is an inportant habitat feature. An integrated approach to planning and
design that considers effects on chenical and biol ogi cal subsystens and
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Table 3-1. CGeneral Characteristics of Warmwater and Col dwater Streans
Characteristic Col dwat er WAr mnat er

Geol ogy Yout hf ul More mature

Val | ey shape
Tenperat ure
Di schar ge

Vel ocity

Dept h

W dt h

Bed materi al
G adi ent

El evati on
Turbidity

Pools (riffles)

Tenmporal variability
Aquatic flora
Shade and cover

Organic materi al

Di stance from source
St ream or der
Conpetition
Predatory fish

Fi sh comunity

Fish diversity

V
Cold (<20° C
Low

Moder ate (high
t ur bul ence)

Shal | ow
3 to 20 feet

Rubbl e- gr avel

Hi gh

Hi gh

C ear

Short (many
riffles)

Hi gh

Peri phyt on

Ext ensi ve

Coarse particul ate
organi c matter

<5 nmiles

Low (<3)
Intraspecific
Few

Tr out

Low

U
Cool -warm (>20° Q)
Medi um hi gh

Moderate to high
(1 ow turbul ence)

Medi um to noderate
>10 feet
Rubbl e- sand- nud
Low

Low

Clear-turbid

Long (fewriffles)

Low
Macr ophyt es
Spar se

Fine particul ate
organi c matter

>10 mles
Hi gh (>3)

Interspecific

Many

Bream bass, sunfi shes,
catfish, suckers

Hi gh

Source: W nger

(1981) .
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potential human uses can result in a project that is superior in nany respects
even to preproject conditions.

3-2. Water Quality.

a. General. Water quality in streanms depends on chem cal and physica
properties as reflected by such conditions as nutrient enrichment, turbidity,
tenmperature, dissolved oxygen concentration, atypical concentrations of bio-
degradabl e organic materials, and the presence of toxins and other harnfu
chemicals. Deteriorated water quality not only affects aquatic ecosystens but
is often associated with degraded appearance and unpl easant odors and can
i nfl uence the use and managenent of water resources.

b. Controls on Stream Water Quality.

(1) Watershed conditions. Water quality in streans is largely a func-
tion of watershed and stream characteristics. Streans draining undisturbed
wat er sheds contain suspended and di ssol ved substances provided by natura
weat hering of rocks and minerals. Concentrations beyond these natural back-
ground |l evels reflect tenporary natural disturbances, such as vol canic erup-
tions, forest fires, and | andslides, or human activities such as agriculture,
irrigation, mning, |ogging, construction, and waste di sposal. Human | and-

di sturbing activities and sone types of natural catastrophes alter rainfall-
runof f relationships and supply large quantities of sedinment and nutrients
that increase streamturbidity levels, especially during high-di scharge
events. Erosion of streanbeds and banks caused by increased runoff rates and
frequencies al so contributes to increased turbidities.

(2) Hydrol ogy. Drainage basin hydrol ogy greatly influences water qual -
ity. Streans draining areas with |ow precipitation and sparse vegetati on have
hi gher sedi ment concentrations than streans in nore hum d regions. During
| ow- di scharge periods, streams may have hi gher water tenperatures, |ower
oxygen concentrations, nutrient enrichnent, higher pollutant concentrations,
and | ower sedi ment concentrations than during high-flow periods. H gh dis-
charges, on the other hand, typically have increased sedi nent concentrations,
and stornflows nay contain increased pollutant |oads, especially in |arge
urban and agricul tural areas.

(3) Turbulence. Several aspects of streamwater quality are related to
turbulent flow. The amount of surface reaeration depends on turbul ence, which
is |largely dependent upon stream gradi ent, roughness el enments, and flow depth.
St eep, shallow, high-velocity streams are well oxygenated and well m xed and
are nore capable of oxidizing organic materials than deep, |ow gradient
streans with simlar tenperature regi nes. Suspended sedi nent concentrations,
and thus turbidities, are directly related to turbul ence.

(4) Organic and chenical pollutants. Streampollution is typically
categori zed as originating fromeither point sources or nonpoint sources.
Sewage treatnent plants, industrial operations, accidental spills, and other
poi nt sources rel ease a variety of substances into streans, sonme of which are
highly toxic. Urban and agricultural runoff are the nbpst comopn nonpoi nt
sources and supply large quantities of organics, nutrients, and chenica
resi dues from pesticides and herbi ci des.
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c. Cause-Effect Relationships. Although it is clear that water quality
is the product of watershed conditions, human activities, and stream charac-
teristics, the effects are often additive in nature. Thus, except for pol-
lutants that nay be traced to single sources due to their geographic |ocation
or temporal occurrence, or those pollutants that are uniquely associated with
specific sources for functional reasons (such as dye used in only one type of
manuf acturing operation), it may be difficult to isolate individual cause-
ef fect relationships that determ ne water quality.

d. Data Sources.

(1) Published data. Published water quality data are available from
several sources, sone of which are listed in Appendix B. Caution should be
exercised in extracting data fromthe public data sources to ensure that
meani ngf ul and hi gh-quality data are used.

(2) Data collection. Refer to Chapter 6 for general guidance on data
col I ection.

e. Effects of Flood Control Channel Projects on Water Quality. Water
quality paraneters that may be affected directly by channel nodifications for
flood control are turbidity, tenperature, dissolved oxygen, and organic con-
stituents. Dredging, excavation, and disposal may rel ease various chenicals
t hrough resuspensi on and | eaching. Nutrient |levels, chem cal pollutants, and
turbidity may be increased indirectly as a result of induced | and use changes.
Studies of the effects of channel projects on water quality are presented in
Kuenzler et al. (1977), Sinmons and Watkins (1982)., and Shields and Sanders
(1986).

(1) Turbidity and suspended sedi ment. Wthout preventive neasures dur-
ing construction, turbidity and suspended sedi nent |evels may increase as much
as an order of magnitude. Pronounced increases tend to be short term but
post construction | evels sonetinmes continue above preconstruction |levels due to
hi gher flow vel ocities, channel erosion, and sedi nent derived frominduced
| and use changes such as agricultural |and conversion. Erosion and sedi nent a-
tion associated with high sedi nent concentrations can destroy spawni ng habitat
for fish and benthic substrates critical to macroinvertebrates.

(2) Water tenperature. Tenperature is an inportant water quality param
eter because it influences chem cal and biol ogical stream processes. Aquatic
organi sns are extrenmely sensitive to increases in tenperature above anbient
conditions, and tenperature increases may i nduce early spawni ng of nany organ-
i sns. Renpval of shade has been observed to result in higher tenperatures
(1° to 10° ©) in and bel ow nodifi ed reaches. Channel |inings such as concrete
further aggravate this condition. Tenperature effects of channel nodifica-
tions may decline through time if shade-producing vegetation is allowed to
become reestablished al ong streans.

(3) Dissolved oxygen. Studies of the effects of channel nodifications
on di ssol ved oxygen concentrations have found no effects in sone cases and
beneficial effects in others. Mdifications that increase flow velocities or
that convert intermittent streans into permanently flow ng streans often pro-
duce increases in dissolved oxygen concentrations.
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(4) Chem cal constituents. Were reduced threat of flooding has
encour aged urban devel opnment or wi despread clearing of |and and expansi on of
agriculture, nutrient levels are often higher in nodified than in unnodified
channel s. Modern agriculture relies heavily on fertilizers, pesticides, and
her bi ci des. Livestock operations generate |arge volunes of aninmal wastes that
are difficult to dispose. As a consequence, any expansion or intensification
of farming operations is likely to result in increased anbunts of nutrients,
sedi ments, and bacteria in streans. |nduced effects of channel nodifications
such as these tend to be long termand are likely to intensify through time.
A variety of other chem cal concentrations may be affected by channel nodi-
fications, especially if the channel is excavated or dredged. Soils or sedi-
ments exposed by excavation or nmaterial disposal may be | eached of heavy
nmetal s or other substances, some of which may be hazardous or toxic.

f. Water Quality and Project Design. Water quality can influence and be
i nfl uenced by project design. Many features designed to inprove environmental
benefits of flood channel projects will not work or will produce few benefits
if placed in channels with poor water quality. Conversely, channels can be
designed so that water quality is enhanced rather than degraded. |nformation
concerning water quality inpacts on flood channel design and environmental
features to inmprove water quality can be found in WES TRs E-82-7 and E-85-3.
Sources of water quality data are discussed in Appendix B

(1) Prediction of effects. In many cases it is possible to predict the
type and rel ative magnitude of changes in water quality of flood control chan-
nels with water quality nodels. These nmodel s nmust include the appropriate
mechani sns for simulating transport processes and various physical, chenical
and bi ol ogi cal characteristics. Numerical and physical nodels have been used
to estimate erosion and sedinmentation in flood control channels. The accuracy
and useful ness of water quality/sedi nent transport nodels are very dependent
upon the skill of the nodeler and the quality of the data. The proper appli-
cation of many nodels requires training and experience. Although the capa-
bilities for nodeling water quality and sedi nent transport have advanced
substantially, it is still difficult to assess the inmpact of water quality
changes on biol ogical resources. Even when sufficient data are unavailable to
permt the use of empirical fornulas or nodels, some notion of expected water
quality effects can be gained by investigating sinilar project designs nearby
or those located in simlar environnents el sewhere.

(2) Water quality and environnmental features. Biological productivity
and aesthetic and recreational benefits of flood control channels are strongly
i nfluenced by water quality. Aquatic productivity is influenced by a variety
of physical and chemical water quality paranmeters, including dissolved oxygen
suspended sedi nent, tenperature, nutrients, and presence of hazardous or toxic
substances. Water quality paraneters that influence appearance and odor have
the greatest effect on aesthetics. Recreational benefits are also influenced
by odor and appearance, but the presence of biological or chemnical contam -
nants may be the overriding concern for boating and swi nming. (Refer to
US Environnental Protection Agency, EPA 400/5-86-0001, Quality Criteria for
Water 1986, for the water quality criteria for aesthetics, recreation, and
aquatic life.)
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(3) Preventive neasures. Opportunities exist during the planning,
desi gn, construction, and maintenance of flood channels to inprove water qual -
ity or prevent deterioration. WES TR E-85-3 presents information and pro-
cedures for selecting and designing features that inprove water quality
conditions in flood channels.

(a) Short-termwater quality inmpacts associated with construction can be
reduced by enploying dry construction techniques; using erosion and sedi nment
control devices such as sedi nent basins; scheduling construction in stages or
steps; mnimzing areas disturbed and exposure time; protecting disturbed
soils with nmul ches, covers, and chemicals; and using flocculants to induce
sedi nentati on. Techni ques for reducing erosion and sedi mentation from con-
struction sites can be found in WES Instruction Report (IR) EL-83-1 and in
manual s, including those by the Soil Conservation Service, US Departnent of
Agriculture (1973), Hittman Associates (1976), and Ami noto (1978).

(b) Existing streanside vegetation can be preserved and new pl anti ngs
can be designed to provide shade, organic matter, and wildlife and fisheries
habitat. Selective clearing and snaggi ng, single-bank construction, and ot her
techni ques to preserve vegetation are discussed in WES TR E- 85- 3.

(c) Instream structures such as fish habitat devices, weirs, and drop
structures can be used to add turbul ence and to maintain flow through cutoff
bendways. In sone instances it nay be beneficial to supplenment inflows to
cut of f bendways by punping. Water quality on conpleted projects can be
i mproved by coordinating with State and | ocal governnents to control pollution
t hrough zoning, enforcement of water quality |egislation, and enpl oyment of
best nanagement practices to control runoff and erosion in agricultural areas.

3-3. Fluvial Geonorphol ogy.

a. CGeneral. Streans are conpl ex systens conposed of hydraulic, geo-
nor phi c, biologic, and physical -chenical conmponents. The stream system in
turn, is one part of the overall fluvial systemthat includes the watershed
(Table 3-2). Streans that drain unaltered or undisturbed watersheds tend to
be norphol ogically stable, transporting the water and sedi ment | oads inposed
fromthe watershed without enlarging or aggradi ng. Hunman activities or
changes in natural conditions in a watershed affect the discharge of water and
sedi nent and can trigger changes in streamsystens. In a sinilar fashion
changes in one paraneter of the stream system-water and sedi ment discharge,
sl ope, channel roughness, w dth, depth, or channel pattern--may induce changes
in one or nore of the others. It is therefore essential that those involved
in the planning, design, construction, and mai ntenance of flood control chan-
nel projects understand the necessity of treating the stream its watershed,
and associ ated resources as a unified system The stability of this system
may be studi ed through geonorphic and sedi mentation anal yses. These anal yses
are valuable tools for estimating streamresponse to channel nodifications and
the effect of ecol ogical resources. They consist of assessing the stability
of the existing systemand the systenis potential response to project
nodi fi cati ons.

b. Ecol ogical Inplications of Geonorphic Change. Watershed changes,
channel nodifications, and resulting geonorphic changes affect aquatic habitat
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Tabl e 3-2. The Watershed Subsystem

Wat er shed

Characteristic Process Response
Precipitation I nterception Soi | noisture
Sol ar radi ation Evapot ranspi rati on Ground wat er
Tenper ature Infiltration Wat er di scharge
Vegetation and | and use Thr oughf | ow Sedi nent di scharge
Soil's Overland fl ow
Geol ogy Soi | erosion
Topogr aphy

and ecol ogi cal resources. Erosion in degradi ng channels produces unstable
substrate and may undermine habitat structures and water control structures.
Sedi nent from di sturbed wat ersheds or erodi ng channel s produces sandy, shift-
ing substrate with little habitat value, fills pools and | owfl ow channel s,
and covers structures that provide fish habitat. At |ow flows, large flood
control channels typically have shall ow depths and uniform fl ow vel ocities,
whereas at flood di scharges they have uniformy high velocities with little
cover to provide protection for fish. Geonorphic and sedi nent anal yses can be
val uable tools for estimating streamresponse to channel nodifications and the
ef fect on ecol ogi cal resources.

3-4. Ecol ogi cal Resources.

a. CGeneral. It is a national policy that fish and wildlife resources
conservation be given equal consideration with other study purposes in the
formul ati on and eval uati on of alternative plans. Fish and wildlife resources
i nclude vertebrate and invertebrate aninals and their habitat. Streans and
adj acent riparian areas are often inmportant and highly val ued ecosystens.

b. Effects on Fish and Wldlife. The potential effects of an action
(such as lining a strean) on fish and wildlife resources nust be described and
anal yzed before the action is taken. Guidance on this is provided in
ER1105-2-100 and its references. There is an assuned positive relationship
bet ween habitat quality and fish and wildlife popul ati ons, and ER 1105-2-100
requi res use of habitat-based nmethods, supplenmented with user-day, popul ation
census, or other quantified information, for fish and wildlife inpact
anal ysi s.

(1) Habitat-based eval uati on net hods use species, groups of species, or
entire animal comunities as evaluation elenents. The quantity of avail able
habitat is determ ned from maps and phot ographs. Habitat quality is derived
froma nodel that relates features of the environment to habitat requirenents
of the selected species or other evaluation elenment. The nodel may be math-
ematical or descriptive. The nore objective and docunmented the approach, the
nore repeatable the process. The habitat evaluation nethod to be applied
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shoul d be conpatible with project needs in purpose and | evel of detail
Exanpl es of the various habitat evaluation nmethods are provided in WES M s-

cel | aneous Paper EL-85-8 (Roberts and O Neil 1985), and assistance in applying
these nethods is provided in WES IR EL-85-3 (O Neil 1985).

(2) A direct evaluation of a species, not just its habitat, may be war-
ranted for species protected by |aw or those of special significance in the
project area. Exanples include endangered or threatened species and mgjor
sport or comercial fisheries such as salnmon. Ot her fish and wildlife con-
siderations are addressed in ER 1105-22-100.

3-5. Cultural Resources.

a. General. Cultural resources are the physical evidence of past and
present habitation that can be used to reconstruct or preserve the story of
human presence in an area. This evidence consists of structures, sites,
artifacts, and other relevant information about an area. Corps projects nust
conply with the National Historic Preservation Act (NHPA) and the Archeol ogi -
cal and Historic Preservation Act. These Acts require that the inpact on sig-
nificant historic sites or resources be considered and that adverse inpacts be
m ni m zed t hrough devel opment of managenent plans for protection of historic
and cultural resources affected by a project. Up to 1 percent of the tota
Federal authorized costs, after the feasibility stage, nmay be spent for
identification, recovery, and preservation of historic properties at author-
ized Civil Works projects. Conpliance with these requirements is acconplished
t hrough coordination with the State Historic Preservation Oficer (SHPO and
t he Advi sory Council on Historic Preservation (ACHP). Guidance on considera-
tion of cultural resources is provided in ER 1105-2-100, chapter 7.

b. Cultural Resource Inventory and |npact Assessnment. The identifi-
cation of cultural resources in the study area is acconplished through review
of the National Register of Historic Places, the archives and other files of
the SHPO, other public records, and prior historic resource investigations.
Historic and cultural resources are identified for possible eligibility for
Nati onal Register listing. An assessnent is nade of the predicted inpact to
the identified cultural resources. If properties listed or eligible for
listing in the National Register will be affected, review and comments by the
SHPO and and ACHP must be obtained pursuant to Section 106 of the NHPA and
36 CFR 800.

c. Mtigation of Adverse Inpacts. Prior to construction, plans are
devel oped for mitigation of adverse inpacts to properties listed or eligible
for listing in the National Register of Historic Places. After the inpact
assessment described in the precedi ng paragraph, nore extensive surveys, test-
ing, and determination of eligibility for National Register listing may be
requi red. Based on any additional documentation, plans are devel oped for
mtigation of adverse inpacts. A Menorandum of Agreenent (MOA) is negotiated
bet ween t he Corps of Engi neers and the ACHP and SHPO. The MOA specifies the
actions that will be taken by the Corps during project construction to mti-
gate adverse effects on National Register and eligible properties.
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3-6. Aesthetic Resources.

a. CGeneral. Streans and adjacent riparian areas are often highly val ued
as aesthetic resources. An assessnent of existing visual quality and eval ua-
tion of visual inpacts should be a part of planning and design. Procedures
for evaluating visual quality and inpacts have been devel oped by the WES (see
WES | R EL-88-1).

b. Visual Inpact Assessnent.

(1) The visual inpacts resulting froma flood control channel should be
assessed early enough in planning and design so that measures can be taken to
m ni m ze adverse inpacts, protect existing visual quality, or inprove degraded
visual quality considerations. The eval uation of the extent and beneficial or
adverse nature of visual inpacts is dependent in part on the existing visua
quality. The acceptability and conpatibility of flood control design is
affected by the project setting and the expectations of users, e.g., recre-
ationists, residents, or workers in an industrial area. The visual quality of
a project area nmay be inproved by a channel project when, for instance,
denuded, erodi ng banks are replaced by a stable bank |line and grassed banks.

(2) Visual inpact assessment is acconplished by conmparing with- and
wi t hout - project conditions. |If resources are not avail able for preparation of
vi sual sinulations, visual inpact assessnent is |limted to deternining the
changes in vegetation, |andform and other visual resources. Visual simnula-
tions of alternative designs can be devel oped t hrough sketches, rendering
(painting the design on a photograph), and a nunber of conputer-assisted
met hods. After the visual effects have been assessed, adverse visual inpacts
are identified. These adverse visual inpacts provide the basis for refornmula-
tion of the project or for inplenentation of design and constructi on neasures
to mnimze adverse inpacts.

c. Measures to Protect and Maintain Visual Quality. Design, construc-
tion, and operation measures can be used to protect and maintain the visua
quality of flood control projects. These neasures include the foll ow ng:

(1) Use of vegetation and natural materials can reduce the visual con-
trast of a flood control structure with the project setting. Vegetation and
natural riverine substances, e.g., gravel and rock, can be used alone or in
conbination with structures to provide a nore natural appearance. M ninizing
t he extent of bank and streanside clearing and using vegetation in the design
preserve the natural appearance of the project setting. Restoration of exca-
vat ed, eroded, and cleared areas can be perforned as part of construction
activities.

(2) Changes in design elements can inprove the visual conpatibility of a
channel design within a project setting. The design el enments of concern are
form line, color, texture, and scale. Depending upon the limts of perfor-
mance and costs, the various design el enents can be changed to i nprove the
vi sual aspects of the project. For exanple, concrete can be textured to pick
up the texture patterns of the bank line setting. Excavation and di sposa
areas can be contoured to reproduce the formand scal e of the existing |and-
scape. Color can he manipulated in concrete adni xtures, staining of grout.
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and use of vegetation. Subject to other project design and nai ntenance con-
straints, vegetation can be used to nodify or screen structural forns and
lines. Figure 3-1 depicts a flood control project on Tamal pais Creek. Cali -
fornia, that was constructed by the US Army Engi neer District, San Franci sco.
and incorporates several aesthetic measures.

(3) Construction and mai ntenance procedures can be nodified or
to mnimze destruction of vegetation. WAter-based construction minimzes the
need for haul roads and clearing for access. Sinilarly, construction
single side of the streamlimts the anmount of required clearing.



b.

EM 1110-2-1205

View after project. The curving alignnent, redwood
fence, and special concrete finish contribute to
vi sual effect

Fi gure 3-1. Enhancenent of flood channel aesthetics,
Tamal pais Creek, Calif.
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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
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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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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

4-27
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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.

4-32
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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.
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GHAPTER 5
B\M RONVENTAL GONS CERATI ONS FAR GPERATI NG AND WA NTENANCE

51. General. The nanner in which construction and nai ntenance activities are
carried out is angor factor affecting the environnental quality associ at ed
wth flood control channel projects. This chapter identifies desirabl e
concepts for environnental inprovenents that shoul d be incorporated i nto work
pl ans for constructi on and nai ntenance. These concepts are applicable to all
types of flood control projects. Gnstructi on and nai nt enance procedur es

appl i cabl e to specific designs, such as | evees or clearing and snaggi ng, can be
found in the correspondi ng sections of Chapter 4. Mi ntenance of |ocal flood
protection projects is governed by 33 (/R 208. 10, BRs 1130-2- 303, 1130- 2- 335,
and 1130-2-339, and BEM 1110-2-301. M ntenance requirenents wll be in
accordance wth Local (ooperating Agreenents, and specified in the operation
and nai nt enance nanual s.

5-2. Bosion and Sedinent Gontrol. B osion and associ at ed sedi nentati on from
work areas shoul d be mini mzed by enpl oyi ng appropriate sedi nent control

t echni ques. B osion can be mnimzed by controlling runoff, performing work
during the dry season, limting the tine that areas are disturbed, and

enpl oyi ng tenporary covers or mul ches, such as wood chips or straw Brush or
fabric barriers, vegetative filter strips, and sedi nent basins can be used to
trap sedinent fromeroding areas. Sone soils can be chemcally treated to
reduce erosi on of exposed surfaces, but chemcal treatnent depends on soil
characteristics and is therefore site specific. As a general rule, stream
fording, subaqueous construction, and anphi bi ous operations shoul d be avoi ded.
Refer to VESIRB-83-1 and B-85-2 for detail ed gui dance concerning all types
of soil stabilization neasures and erosi on and sedi nent control s.

5-3. Mninizing DO sturbance.

a. General. onstruction and nai ntenance of flood control channel s and
structures shoul d be planned and carried out to mini mze ecol ogi cal
di sturbance. Quidelines shoul d specify preferred equi pnent; access control s;
timng of work; and frequency, anount, and | ocation of vegetation renoval .

b. Preferred Equi prent. Equi pnent used in channel nai nt enance shoul d be a
as snall as feasible to mnimze access requirenents and di st urbance of
riparian vegetation. Channel work shoul d be acconpl i shed fromone side,

i nsof ar as possi bl e. Were nechani cal now ng of banks is required, |ight
equi pnent shoul d be used to avoi d danage to turf and nearby trees and shrubs.

c. Access ntrols. The nunber and w dth of access routes shoul d be
mni mzed, and advant age shoul d be taken of existing roads, trails, and
clearings. Mw ng of travel ways and stagi ng areas shoul d not be required, and
a pernmanent|y nai ntai ned travel way al ong the streamis not nandatory on al |
projects. Were a travelway is required, an uncleared buffer strip shoul d be
left along the channel. In sone cases, recreational trails can doubl e as
nai nt enance travel ways.

d. nsiderations for Shedul ing. Mainy factors, sone of whi ch have
conflicting requirenents, shoul d be consi dered when schedul i ng construction of
these projects. Peak migration or spawning periods should be identified so
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that they are avoi ded wherever possible. Periods of intensive recreationa
usage shoul d al so be avoi ded. The success of establishing vegetation is

| argel y dependent upon the time of planting. The dornmant season is usually
nost favorable for the success of woody vegetation, but is also often asso-
ciated with higher flow periods. On the other hand, for other vegetation
planting during the growi ng season is nore desirable. Construction activities
may favor |ower flow periods because of ease of access and turbidity control
These and other |ocal factors nust be considered when scheduling construction
for the specific project.

e. Frequency, Anount, and Location of Vegetation Renmoval. Maintenance
frequency shoul d be determ ned on an as-needed basis rather than at specified
regul ar intervals. Vegetation removal for channel maintenance shoul d be
restricted to that necessary for proper operation of equi prent and mai nt enance
of channel capacity. Care should be taken to avoid damage to trees and shrubs
left during project construction. Wldlife dens, burrows, and nesting sites
shoul d be protected to the extent feasible and commensurate with safe project
operation.

5-4. Agquatic Plant Control

a. General. Several nmmnagenment neasures are available for preventing or
controlling aquatic plant infestations that nmight reduce flow capacity or
interfere with the use of flood channels. The control technique to be used is
dependent upon the species of aquatic plant causing the problem its magni-
tude, its location, and the characteristics of the channel. The degree of
control required to bring the problemto an acceptable |evel nmust also be a
consi deration. See Dumas (1976a,b) and Long (1979) for further details on the
identification and assessment of aquatic plant problenms and for assistance in
choosi ng control neasures to be used. In cases where potential aquatic plant
probl ems can be identified at a very early stage, technology called "preven-
tion methodol ogy" is available to mnimze the probl em such that |arge-scale
control operations are avoi ded (see Killgore 1984).

b. Aquatic Plant Control Techni ques. Aquatic plants that cause problens
in flood control channels are of two basic types: floating plants such as
wat er hyaci nt h, and submersed plants such as hydrilla or Eurasian watermlfoi
that are rooted in the channel substrate. Tarver et al. (1979) present pic-
tures and descriptions of these species. Biological, chenical, and nmechanica
met hods, individually or in conbination, my be used to control aquatic
pl ant s.

(1) Bi ol ogi cal control. Biological control enploys organisns that feed
on the target organismor affect it in sone other way to reduce its nunbers or
growm h. Biological control agents potentially available for use in aquatic
pl ant control are insects for control of alligatorweed (Environnental Labora-
tory 1981) and waterhyacinth (Sanders et al. 1979), plant pathogens for con-
trol of waterhyacinth (Sanders et al. 1979), and herbivorous fish (Addor and
Theriot 1977) for control of subnersed species. A conmputer nodel is avail able
from WES as a decision-making aid in planning for the use of herbivorous fish.
The nodel runs on an | BM personal conputer with col or graphics. In general
bi ol ogi cal methods are relatively inexpensive but take considerable tine to
becone effective.

5-2



EM 1110-2-1205
15 Nov 89

(2) Chemical control. The application of safe and effective chem ca
agents is a proven nmethod for aquatic plant control. Approved chenical agents
for aquatic use may be liquids that can be sprayed onto floating plants or
i nserted under the water for controlling subnersed plants, or they may be
solids that can be applied by spreaders, for exanple, over the surface of the
channel . Chem cal methods are generally readily avail able and are relatively
i nexpensi ve when conpared to other nmethods. See Dumas (1976b) and Westerdah
and Getsinger (in preparation) for lists of available chem cal agents and
techni ques for their use. These documents contain valuable information on
chemicals for aquatic use; however, to obtain the nost current information on
ef fective and approved products, the user should consult his Corps District
contact for aquatic plant control.

(3) Mechani cal control. Mechanical devices for controlling aquatic
plants vary from defl ecti ng boons and screens or clipping bars nmounted on
boats to nore sophisticated systems whereby the plants are cut and renoved
fromthe water to disposal areas. Although nechani cal nmethods are generally
rather costly, they are sonetines desired over other methods since no organ-
isnms or chemicals are added to the environment. See Cul pepper and Decel
(1978), Dumas (1976a), and Smith (1980) for descriptions of nechanical contro
hardware and techni ques that may be applicable for controlling aquatic plants
in flood control channels.
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CHAPTER 6
ENVI RONVENTAL DATA COLLECTI ON AND ANALYSI S
6-1. GCeneral Considerations. Mst flood control channel projects will not

require detailed environmental studies. However, extensive, sensitive, or
extremely conplex projects may require a nore intensive effort. In the pro-
cess of planning and designing these projects, assessment of potential envi-
ronmental effects and opportunities requires site-specific data collection
efforts. While the details of data collection and anal ysis are specific to
each project, there are basic requirenments that are conmon to all data collec-
tion prograns. This chapter does not direct data collection efforts but out-
lines the general steps to be considered when undertaking data collection
programs (Figure 6-1). Engineer Manual 1110-2-1201 presents specific informa-
tion concerning water quality data.

a. Problemldentification. Before objectives for a data collection
effort are set, the problemto be addressed must be clearly identified. The
general (and sonetimes specific) nature of the problem may be ascertained from
a variety of sources. These include Environmental Assessments, Environnental
| npact Statenments, Feasibility Reports, Reconnai ssance Reports, consent
decrees, statutes, regulations, and interagency agreenents.

b. Establishment of Objectives.

(1) Need for objectives. The npst essential part of an environnental
data collection and analysis effort is the establishment of clear objectives.
If this is not done, the net result is often either an inability to solve the
problem for which the data were generated or a mass of data that defies
rati onal analysis. Wthout good objectives, any data collection/analysis
effort faces a high probability of failure. The various stages of the project
may warrant different details of problemidentification and objectives.

(2) Nature of objectives. An approach to setting objectives is pre-
sented in Phenicie and Lyons (1973). Objectives nust be attainable, oriented
in a positive direction with no unproductive branching, and neasurable to
al  ow eval uati on of progress and results. Wording nust be clear, unambi guous,
conci se, and sinple. The types of data needed to neasure success or results
shoul d be specified.

c. Study Design.

(1) The design describes how objectives will be met and incl udes deci -
sions on paraneter and variable selection, data collection nethods, study
nm | estones, resource allocation, and necessary reports. Use of CPM (Critica
Path Method) logic networks is often hel pful in outlining work to be accom
pli shed and the sequence of events.

(2) Sinple before-and-after studies of the project area may be used to
docunent changes but usually are insufficient to establish causal relation-
ships (i.e., observed effects result fromspecific actions or variables). If
the study is to identify cause-and-effect relationships, it is necessary to
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Figure 6-1. Major steps in conducting
envi ronnent al studies

identify and control for other variables or processes that mght influence
simlar results. Tenporal changes in environnmental processes can sonetines be
accommodat ed by using control areas within or in the inmediate vicinity of the
project site. Environnental conditions in control areas should be as sinilar
as possible to those of the project area.

d. Types of Data.

(1) There are two basic kinds of data: qualitative and quantitative.
Qualitative data consist of descriptive, nonnunerical information. Quantita-
tive data are nunerical and usually reference tenporal or spatial information.
Qualitative approaches are especially useful if only descriptive data are
required, if the study is prelimnary in nature, if a short suspense has been
set, or if quantitative techniques do not apply. Quantitative data are
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preferabl e because they can be expressed as a testable hypothesis. It is
often useful to express the hypothesis as a question, for exanple, "WII (has)
the project increase(d) (decrease(d)) sone variable" (e.g., density)? The

obj ective of data collection and analysis then essentially beconmes the verifi-
cation or rejection of a hypothesis.

(2) For scientifically and legally defensible conclusions, baseline non-
itoring and reference data should be quantitative and reproducible and the
experimental design such that hypotheses concerning change can be statis-
tically evaluated. Quantitative data sufficient for application of statis-
tical tests are often quite expensive, a fact that underlines the inportance
of careful selection of paraneters for neasurenent.

e. Docunentation. Docunentation of study findings is critical to the
future use of the environnental data collected. Reporting requirenments shoul d
be incorporated into the study design, taking into consideration the report
format to be used. A common format used in reports of results consists of the
followi ng parts: Introduction, which contains background information, the
probl em and how specific objectives will lead to resolving the problem Mate-
rials and Met hods, which includes a description of the study area and detail ed
field and/or |aboratory procedures, sanpling techni ques, and nethods for
anal yzing the data; Results, which gives neasurenents of variables and results
of hypot hesis testing; Discussion, which presents and explains the results;
Concl usi ons and Sunmary; and Literature Cited.

6-2. Data Collection. This section provides gui dance for planning a sanpling
programthat will neet stated objectives of the study design. The nost criti-
cal aspect of data collection is the selection of appropriate parameters to
sampl e and neasure.

a. Primary Considerations. The quality of information obtained through
the sanpling process is dependent upon collecting a representative sanple and
usi ng appropriate sanple collection and data managenment techni ques. Tine,
costs, and equi pnment constraints may limt the amount of information that can
be gat hered. Under such conditions, careful tailoring of the data collection
programis required. In this docunment, the termsanple refers to a set of
observations or measurenents taken to describe or characterize environmental
conditions. Individual observations or measurenents are called sanmple ele-
ments, and the number of sanple elenments constitutes the sanple size.

b. Representative Sanpling. The purpose of sanmpling is to define bio-

| ogi cal, physical, or chemical characteristics of the project area environ-
ment. This requires that sanples be taken fromlocations that are typical of
ambi ent conditions found at the project site. Failure to obtain sanples that
are truly representative of a given location will result in inaccurate data
and m sinterpretations. Sanples can be random haphazard, or stratified and
will be specified in the sanpling design. Elliot (1977) and G een (1979)
provide informati on on these aspects.

c. Sanmpling Site Selection and Location. The follow ng general factors
shoul d be considered in selecting a sanpling site:

(1) Objectives of the study.
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(2) Accessibility of the site to personnel and equi pnent.
(3) Representativeness of the site.

(4) Avail abl e personnel and facilities.

(5) Oher physical characteristics.

Statistical texts and field nanuals in geol ogy, hydrol ogy, biology, and other
envi ronnent al disciplines should be consulted for information about specific
factors to consider in sanple site sel ection.

d. Sample Size. Guidance in this sectionis linited to general con-
cepts. The larger the sanple size, the better environmental conditions wll
be defined. The mean of a series of replicated neasurenents is generally |ess
variable than a series of individual measurements. Statistical analysis
generally requires at |least two characteristics, usually nmean and standard
deviation, to describe a sanple. The sanple size necessary to describe a
distribution is proportional to the heterogeneity of the variable to be nea-
sured. Refer to Snedecor and Cochran (1967), Elliot (1977), Geen (1979), or
other statistical texts for nunerical and graphical techniques to determ ne
sampl e size.

(1) Consideration of the above factors suggests that replicate sanples
shoul d be coll ected when noney and time pernmit. A mnimmof three replicates
is required to cal cul ate standard deviations. Aside fromreplication, the
sanmpl e size needed depends on tenporal and spatial variability of the phenom
enon and the desired degree of precision

(2) An additional factor that will limt the sanple size is financia
resources. In this case, the sanple size that can be analyzed is determ ned
by the ratio of available dollars and cost per observation

Dollars available
Cost per observation

Sanpl e size =

Thi s approach will provide one nmethod of estimating the sanple size that can
be coll ected and anal yzed. However, should the cal cul ated sanple size be
insufficient to establish an adequate sanpling program (i.e., sanple size
insufficient to allow replicate nmeasurenent at all |ocations), one of the
followi ng trade-offs will have to be accepted:

(a) Reduce the replicate sanpling at each station

(b) Maintain replicate sanpling but reduce the nunber of sanpling
| ocati ons.

(c) Increase the financial resources avail able for sanpling.
The distinction between options (a) and (b) above shoul d be based on project-

specific goals. If option (a) is selected (nore stations, fewer replicates),
the results will provide a better indication of distribution patterns in the
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project area (synoptic survey), but it will be difficult to conpare individua
stations. On the other hand, if option (b) is selected (fewer stations, nore
replicates), the results will provide a better indication of variability at

one | ocation and conpari son between sanpling stations. However, the project
area wWill be | ess described.

(3) Consideration should be given to collecting a | arger sanple than
that determined by the above process in the event they are needed for addi-
tional analysis or backup. If nore data are needed, it is easier to analyze
addi ti onal sanmple elenments already on hand than to renobilize a field crew.
Al so, the additional variable of different sanpling tinmes is avoided with this
approach

e. Sampling Collection, Handling, and Analysis. Refer to EM 1110-2-1201
and references contained therein for information concerning collection, han-
dl i ng, and anal ysis of water, sedinment, and biol ogical sanples.

6-3. Data Analysis, Interpretation, and Presentation of Results.

a. Data Analysis Plan. A plan for data analysis should be formul ated at
t he experinmental design step since the type of analysis selected will guide
the sanple size and frequency of neasurenents that nust be taken. Techni ques
avai l abl e for data anal ysis include descriptive anal ysis, maps and graphica
anal ysis, and statistical analysis.

(1) Descriptive analysis. Presentation of the results of sone anal yses
often consists of descriptions based on visual observations, inductive reason-
i ng, and perhaps a few neasurenents: for exanple, "The habitat structures
placed in the flood channel have provided flow depth and velocity variation
Prior to placenment of the structures, water depths and flow velocities were
relatively uniform across and along the channel. After the structures had
been in place for 6 nmonths, scour holes several feet deep had devel oped at the
riverward end of each structure." The value of descriptive analysis can be
substantial if it can be established that other factors that could affect
results were controlled, constant, or not applicable.

(2) Maps and graphical analysis. Patterns inherent in data can often be
reveal ed by mapping or graphing the data. Maps are used to show two- and
t hree-di mensi onal spatial patterns, whereas graphi cal approaches are npst use-
ful for showi ng tenporal relationships or variations within a single dinen-
sion, such as distance or depth.

(a) Maps. Phenonena to be napped may be distributed in a continuous or
di screte manner. Discrete distributions are conposed of individual elenents
that are countabl e or neasurable (such as people, fish, or trees), whereas
continuous distributions have no recogni zabl e individuals (e.g., air tenpera-
ture or rainfall). Patterns are often enhanced by grouping all values into
five or six classes and mappi ng each class with a separate tone or col or

(b) Graphs. Graphic techni ques specialized for certain disciplines or
types of data are too nunerous to describe. As with maps, however, graphic
techniques vary with the type of data. Discrete data are often graphed as
frequency histograns, with frequencies on the vertical axis and cl asses or
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categories on the horizontal axis. Mre conplex maps and graphs, such as

t hr ee- di mensi onal contour plots, trend surfaces, and perspective plots, are
al so useful but nore difficult to conprehend. Various nmappi ng and graphic
options are available as part of npbst data nanagenent systens. Continuous
data are usually plotted as curves, with the spatial or tenporal dinension on
the x-axis and the values of the variables on the y-axis.

(c) Common errors. When using maps and graphic techniques, one nust be
careful not to draw conclusions that inplicitly depend on interpolation
bet ween data points (Figure 6-2) or extrapol ation beyond the range of the data
(Figure 6-3), unless such interpolation or extrapolation can be justified. A
choi ce of scal es or coordinate axes that unduly exaggerate or minimze point
scatter or differences shoul d be avoi ded.

(3) Statistical analysis.

(a) Ceneral. Statistical analysis can be used to sumari ze or describe
data. Statistics can also be used as a formal decision-making tool to decide
whet her neasured tenporal or spatial differences between sanples are real or
whet her they may be the result of sanpling variability. Conmercially avail -
abl e data managenent software systems have options for conputing and displ ay-
ing several types of statistics. Large ampunts of data can be summari zed by
calculating statistics such as neasures of central tendency (mean, nedian, and
node) and di spersion (standard deviation and range). Statistics can be used
to conpare sets of data to determine if differences exist anmong them and, if
so, whether the differences are neani ngful
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(b) Hypothesis testing. Formulas are available for determning if
observed differences between sanple data sets are real, or if they may have
occurred by chance due to the size or selection of sanples used in cal cul ating
the statistics. These techniques are called significance tests, and theories
and fornulas for their use are given in basic texts on statistics and experi -
ment al design. Users should be cautioned, however, that observed differences
may be statistically significant and yet not be very neaningful. Specia
techni ques have been devel oped for analysis of biological data, particularly
bent hi ¢ data. Sokal and Rohlf (1969) provide a review of several of these
t echni ques.

b. Data Interpretation.

(1) Editing. Data base checking and editing should precede anal ysis.
Extrene errors may be detected by conputer prograns that check for boundary
conditions and ensure that data values are within reasonable limts. Quality
wor k requires human judgnent. Sinple conputer-generated plots of the raw data
shoul d be exami ned for unreasonabl e val ues, extrene values, trends, and
outliers.

(2) Analysis. The next step in data interpretation is to ensure that
t he assunptions upon which the data analysis plan is based are still valid.
New i nformation or failure to collect all the data required by the origina
anal ysis plan may necessitate nodification. The final conclusions should not
be limted to acceptance or rejection of hypotheses, but should extend to
clear, verbal expression of the inplications of the observed results.
Deci si on-makers who are not technical specialists may fail to grasp these
i mplications unless they are clearly conmunicated.

c. Presentation of Results. Results should be presented in a format
appropriate for the najority of the intended audi ence. Presentation of |arge
vol unmes of nunerical data is generally undesirable; however, provision should
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be made for long-term data storage and retrieval (conputer disks, mcrofiche,
etc.). Graphic displays can effectively serve as exanples of major findings
or concl usions.

6- 4. Dat a Base Managenent.

a. General. The success of any study effort, especially one involving
mul tiple investigators and disciplines, will be heavily influenced by the
quality of data managenent, storage, and efficiency of information retrieva
and by the conpatibility between data units and the formats and prograns for
data reduction and anal ysis. A carefully designed plan for handling inform-
tion will guarantee that once field and | aboratory work are conpleted, infor-
mation will be readily available for examination and analysis, in a form
useful to nmanagenment.

b. Data Managenent Pl an. A data managenent plan detailing procedures
for handling data storage and retrieval should be fornulated at the outset of
an environnmental study. The sinplest type of data base contains only data
devel oped for a single study. Efforts should be made to ensure standardiza-
tion of measurement and reporting procedures so that there will be interna
conpatibility anpbng the environnmental data files within the Corps field
office. Once the data base is devel oped, the data base manager shoul d be con-
servative in decisions about changes in procedures or data units and shoul d
permt such changes only where useful information benefits can clearly be
i dentified.

c. Data Base Inconpatibility. Frequently, various studies associated
with one project will be conducted by several different agencies or contrac-
tors. The same scope of work m ght be performed by different contractors at
different tines. Besides reinforcing the need for standardization, the proba-
bility of a multiple-contractor operation brings up |ogistical questions about
i nformati on storage, retrieval, and analysis. Federal agencies, academnic
institutions, and consulting conpanies who ordinarily conduct Corps contracts
wi Il usually have their own computer support. This situation could lead to
the formati on of inconpatible data files. Data base inconpatibilities wll
create problenms for those who have responsibility for synthesizing the prod-
ucts of nmultiple investigators and will hanper conparisons over tinme. A
solution is to pernmit each contractor to use the conputer hardware and soft-
ware of his choice, but to require the contractor to transnmit information to
the Corps field office in a machi ne-readable form conpatible with Corps format
and units.
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CHAPTER 7
MTI GATI ON DEA S ON ANALYS S

7-1. Policy. Gare nust be taken to preserve and protect environnental
resources, including unique and i nportant ecol ogical, aesthetic, and cul tural
val ues. The Fsh and WIdlife Goordination Act of 1958 (Public Law 85-624, 16
US C 6l et seq.) requires fish and wildlife mtigation neasures when
appropriate and justified. The National Hstoric Preservation Act of 1966
(Public Law 89-665, as anended, 16 US C 470 et seq.) does the sane for
cultural resources. The Vdter Resources Devel opnent Act of 1986 (Public Law
99-662) and i npl enenti ng gui dance provide further policy on fish and wildlife
mtigation, including cost-sharing provisions. Specific Gorps mtigation
policy on fish and wldife and historic and archaeol ogi cal resources is

i ncl uded i n 1105- 2- 100.

7-2. Definitions.

a. Mtigation. The Gouncil on Environnental Quality (CEQ, inits
Regul ations for I nplenenting the Procedural Provisions of the National
Environnental Policy Act (40 GFR Part 1508.20), published a definition of
mtigation that has been adopted by the Gorps (ER 1105-2-100) and i ncl udes:
avoi ding the inpact altogether by not taking a certain action or parts of an
action; mnimzing inpacts by limting the degree or nmagni tude of the action
and its inplenentation; rectifying the inpact by repairing, rehabilitating, or
restoring the affected environnent; reducing or elimnating the inpact over
tine by preservation and nai nt enance operations during life of the action; and
conpensating for the inpact by replacing or providing substitute resources or
environnents. These wll be referred to as the five el enents of mtigation.

b. Sgnificant Resources and EHfects. S gnificance includes neani ngs of
context and intensity. ontext refers to the degree of technical,
institutional, and/or public recognition accorded to a resource at |ocal,
regional, or national levels. Intensity refers to the severity of inpacts as
neasured in duration, |ocation, and nagnitude of effects. The criteria for
determning the significance of environnental resources and effects are
provided in ER 1105-2-100. S gnificance of historic resources is further
defined as a property listed in or determned to be eligible for listing in the
National Register of Hstoric Haces (ER 1105 2-100, Chapter 7).

7-3. Key oncepts for Mtiogation.

a Goneral.

(1) dgnificant resources are to be identified and specifically
considered in al |l phases of a project. If significant |osses to those
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resources Wl occur because of the project or action, then appropriate
consideration of mtigation for those | osses nust be acconplished. For fish
and wldlife | osses, consideration of mtigation nust be given to any | osses
which are not negligible | osses. The extent of mitigati on reconmended shoul d
be that which is determne to be justified.

(20 Mtigation consists of avoiding, mnimzing, rectifying, reducing,
or conpensating for the inpacts. The five elenents of mtigation are |logically
stepwse, i.e., it is better, easier, and often cheaper to avoid an i npact than
to conpensate for it. The elenents are iterative in that the results fromone
step nay require reexamnation of previous actions. The first el enents of
mtigation can often be acconplished through the use of good engi neering
practices, e.g., changes in project design.

(3) Inpacts resulting fromflood control neasures that invol ve dredged
material disposal and hydraulic changes are largely to wetlands, vegetated
shal | owns, streambottons, and riparian zones. Chapter 2 of this nanual and ER
1105- 2- 100, Chapter 7 discuss potential inpacts on these resources.

b. Early and Gontinuous Gordination and Rublic Invol venent. Hanning for
mtigation nust occur concurrently wth overall project planning activities and
wth the invol venent of personnel fromall appropriate state and Federal
agenci es (ER 1105-2-100). Anintegrated planning effort ensures that the
significant resources are correctly identified, significant inpacts are
determned, all the elenents of mtigation are considered, and the mtigation
actions taken or reconmended are the best possibl e.

c. Mnetary and Nonmonetary Goncerns. Both nonetary and nonnonet ary
aspects of significant resources and effects wll be considered. Mnetary
aspects are quantified using dollars, and nonnonetary aspects are quantified
using a variety of appropriate neasures such as Habitat Lhits, acres,
popul ation data, M sual Inpact Assessnent Lhits, parts per mllion, or
use- days.

d  Mtigation (jectives. Mtigation objectives should be stated as a
quantification of the anount of conpensation required for significant |osses to
significant resources. Both the identity and character of the significant
resources and the anount of |osses to themshoul d be clearly docunent ed.

e. Increnental Gost Analysis. Increnental or narginal cost analysis is a
process used in designing a conpensation plan that neets the mtigation
objectivities. It investigates and characterizes howthe cost of a unit of
output increases as the level of output changes, e.g., charge in dollars per
Habitat Lhit wth increasing Hbitat Lhits. An analysis will result in an
array of inplementable mtigation actions, ranked fromnost to | ease cost
effective. Amtigation neasure such as fencing a greenbelt to excl ude grazing
or placenent of a spawni ng channel becones an i ncrenent when it is conti ned
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wth other neasures into a plan and anal yzed to determne the nost
cost-effective sol ution.

f. Justification for Mtigation. Justification for fish and wldife
mtigation or any environnental enhancenent w !l be acconplished by determning
that each neasure or separable increnent wll have nonetary and non- nonetary
benefits/val ues that equal or exceed the nonetary and non-nonetary costs. Such
justification wll be presented when the mitigation or enhancenent proposal s
are recommended for approval . ER 1105-2-100 Chapter 7 provi des requirenents
for fish and wldife mtigation and enhancenent .

7-4. Exanpl es.
Many of the designitens in Chapter 4 of this nanual are suitabl e

approaches to one or nore of the mtigation el enents. Exanpl es of each of the
elenents are |isted bel ow

a.  Avoid - preserve a public access point; redesign channel around
critical habitat or archeol ogical site.

b. Mnimze - performsingle-bank channel nodification; use |ess riprap
and nore vegetation for channel side slope protection.

c. Rectify - recontour and revegetate disturbed areas; restore flowto
forner wetlands.

d. Reduce - control erosion;, place restrictions on novenents of
constructi on and nai nt enance personnel and equi pnent .

e. (onpensate - devel op a greenbelt habitat using dredged naterial;
recreate a spawni ng channel .
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APPENDI X B
POTENTI AL SOURCES OF DATA
These data may be available at the District office, and the various func-
tional elements (e.g., hydraulics, hydrology, environnental resources, geo-
technical) shoul d be consulted. Coordi nati on anong these el enments can al so

facilitate interpretation of the data in the context of the project.

Type of Data Sour ces
1. Watershed conditions

a. Cimte Nati onal Weather Service climatic sum
mari es; US Weat her Bureau Technica
Paper 40, "Rainfall Frequency, Atlas of
the United States"”

b. Topography USGS t opographic maps; city and county
t opogr aphi ¢ surveys; aerial photos

c. Soils/geol ogy County soil surveys, state geol ogic survey
sheets; aerial photos

d. Sedinent yield Local SCS office; state natural resource
surveys

e. Land use/cover Local pl anni ng agenci es, USGS 1: 250, 000
| and use quadrangl es (LUDA sheets); aeria
phot os

f. Hydrol ogy (See sources under Climate); USGS Nationa

Wat er Data Exchange (NAWDEX) file;
drai nage district maps

g. Water quality USGS Water Supply Papers ("Quality of
Surface Waters of the United States" and
"Quality of Surface Waters for Irrigation,
Western United States"); data collected
under the National Water Quality Network,
dat a published by other Federal agencies
(Tennessee Valley Authority, US Public
Heal t h Service, Bureau of Reclamation,
Depart ment of Agriculture, US Environ-
mental Protection Agency (USEPA), etc.);
and reports of various state and | oca
agenci es. Federal agencies that collect
wat er data coordinate their activities
t hrough t he NAWDEX mai nt ai ned by the USGS
The USEPA nmintains water quality data in
its STORET file, which can be accessed by
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Type of Data

Wat er shed conditions (Cont.)

g. Water quality (Cont.)

Stream and fl oodpl ain

a. Stream norphol ogy

b. Streanbank stratigraphy

Hi storic data on | and use,
floods, prior nodifications

Uni que resources

a. Historical sites,
i ncluding prehistoric
archeol ogi cal sites

b. Trees

c. Threatened and/or
endanger ed speci es

Sour ces

conputer.* Data may al so be avail abl e
within the District from studies
conducted for other projects in the
wat er shed.

Lar ge-scal e topographi c maps; aeria
photos; field nmeasurenments; close-range
phot ogr aphy; drainage district records

Exposed sections; construction test
borings; soil maps; drainage district
records

Drai nage districts, courthouse records,
ol d surveys, longtime residents, archives,
newspaper files

Nati onal Regi ster of Historical

Pl aces; State Historic Preservation

O ficer; National Park Service
archeol ogi sts; professional archeol ogists,
court house records, archives; |oca

hi storians and historical societies

Nati onal Register of Big Trees; Anmerican
Forestry Association; state tree
registers.

US Fish and Wldlife Service Regi ona
Ofices, Ofice of Endangered Speci es,
Washi ngton, DC, National Oceanographic and
At mospheric Admi nistration, Nationa

Mari ne Fisheries Service Regional Ofices,
Protected Speci es Managenment Branch; state
fish and gane or conservation agencies.

*

Cont act: NAWDEX, USGS, 421 National Center, Reston, VA 22092 (703-
860- 6031) and STORET User Assistance Section, Section Chief WH-553, Ofice
of Water Regul ations and Standards, USEPA, Washi ngton, DC 20460

(202- 382- 7220) .

B- 2



APPENDI X C

SAMPLE PROCEDURE FOR THE DESI GN OF FLOOD CONTROL

CHANNEL PRQIECTS

|. Establish Project Objectives

A. Fl ood danage reduction--level of protection desired

B. Environment al

1

2.

Water quality

Recreati on

Fish and wildlife

Hi storic preservation

Aest hetics

I1. Identify Alternatives for Achieving Project Objectives

A.  Nonstructural

B. Structura

1

2.

3.

Reservoirs

Levees

Fl ood control channels

I1l. Evaluate Alternatives and Sel ect General Plan

V. Detailed Project Design for Flood Control Channels

A. Data collection and anal ysis, existing conditions

1

Wat er shed conditi ons

a)
b)
c)
d)

Climte
Topogr aphy
Soi | s/ geol ogy

Sedi nent yield
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e) Land use/cover (existing and recent changes)
f) Hydrol ogy
2. Stream and fl oodpl ai n (each reach)
a) Hydrol ogy

i. Cenerate flood frequency series
ii. Determine corresponding stage data
iii. Calculate flow duration curves (hydrographs)
b) Hydraulics

i. ldentify resistance conponents and deterni ne existing
n values at various discharges

ii. Determ ne ampunt and size distribution of bed | oad and
suspended | oad

c) Geonor phol ogy
i. Survey cross section and existing channel grade

ii. Establish relationship of cross-section geonetry to
di scharge

iii. Measure pool-riffle spacing and neander geonetry and
relate to di scharge and channel wi dth

iv. Evaluate stability of bed and banks
v. Measure size distribution of bed and bank materia
vi. Measure cohesi veness of banks

vii. ldentify and map | ocations of "hard points" in bed or
bank

d) Stratigraphy (fromtest borings, exposed sections)
i. Determ ne stratigraphic sequence
ii. Describe stratigraphic units in detai
iii. Establish average depth to seasonal water tables

e) Existing structures

i. Types
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ii. Locations
iii. Design
iv. Scour and deposition patterns
f) lce
i . Recorded thickness
ii. Average dates of freeze and breakup
iii. Damage
iv. Flow patterns and bl ockages

g) Ecol ogy

i. Map riparian vegetation and |ocate and identify unique
or valuable trees

ii. BEvaluate terrestrial ecol ogy
iii. Evaluate aquatic ecol ogy
h) Water quality
i . Physica
ii. Chemca
iii. Biologica

i) Aesthetic resources - identify, describe, and photograph
maj or conponents

j) Historical and recreational resources - identify and
descri be major resources, with particular attention to
hi stori cal and archeol ogi cal conponents

B. Flood control channel design
1. Fi x exact location and alignnment geonetry of channels

2. Hydraul i ¢ design

a. Rapid-flow channels - use |lined channels; choice of envi-
ronmental features severely linmited

b. Tranquil flow channels

i. Select best conbination of channel cross-section
al i gnments and construction techniques to neet flood
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control and environmental objectives (see paragraph
4-1c)

ii. Select additional features to neet environmental
obj ectives (see Tables 4-1, 4-2, and 4-3)

iii. Establish downstream water-surface elevation and the
wat er - surface control line, including freeboard

iv. Select n values for each reach

v. Size channel

vi. Check channel stability for anticipated flows (if
unstabl e, stabilize by one or nore of the follow ng:
adj ust cross section; adjust grade, line, or arnor
channel ; provi de grade control; provide bank

pr ot ection)

3. Review design for maintenance considerations; adjust design
i f necessary

4. Review design for aesthetics; adjust if needed

C. Design environmental features of project that are not part of the
fl ood channel proper

D. Develop detailed cost estimates; if cost too high, nodify project
desi gn beginning at step |1VB
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GLOSSARY

Aggradation: Deposition of sedinent in a channel, on a floodplain, or other
surface in sufficient quantity to increase |ocal elevation

Annual series: The discharge record consisting of the greatest discharge
occurring in each year

Arnmor: A coarse |layer of gravel or cobble that devel ops on a streanbed
t hrough wi nnowi ng away of fines.

Autotrophic: A condition in which oxygen production by plants exceeds respi-
rati on by plants and ani mals. Sunlight and inorganic conpounds are the pri-
Mary energy source.

Baffle: A plate, wall, screen, or other device to deflect or inpede flow
Bedf ornms: Ripples, waves, dunes, and related forns that devel op under various
flow conditions on the beds of alluvial streams with significant bed-I oad

transport.

Bed | oad: Sedinent, usually sand size or larger, that is transported al ong
the bed by rolling, skipping, dragging, or saltation

Benthic: O, pertaining to, or related to the bottomof a stream or other
body of water.

Berm A terrace or |ledge formed within a channel at base of the streanbank.
Al so, a terrace or |edge cut on a slope or enmbankment to divert water or
intercept sliding earth.

Bol |l ards: Heavy post and chain fixtures used to exclude wheel ed vehicles from
protected areas.

Borrow pit: A hole created by excavating | evee enbankment materi al

Brai ded channel: A channel pattern characterized by nunmerous intertw ned
channel s.
Bypass channel: A short flood diversion channel constructed to bypass a nat-

ural streamreach or features of special interest such as wetlands. Bypass
channel s may be constructed to convey all flows or flood di scharges only.

Check dam A |low dam constructed of |ogs, |oose rock, or other material, to
control water flow and check erosion.

dimax community: A mature, relatively stable biotic comunity representing
the cul m nati on of ecol ogical succession.

Cobble: Gravel and stones that have been rounded by abrasive action of flow
ing water or waves.

GLOSSARY- 1
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Coldwater stream A streamw th water tenperatures |ow enough to support
sal moni d fi shes.

Col | ection pond: Pond |ocated on the | andside of a | evee where interior
fl oodwaters col | ect.

Conmmunity: All of the populations of plants or aninmals in an area or vol une;
a conpl ex associ ation usually containing both aninmals and pl ants.

Cross-sectional area: The area of a section of a channel at right angles to
the direction of flow.

Crown: The top of a |levee

Cutoff island: An island created in a bend or nmeander by excavating a bypass
or diversion channel across the nmeander neck

Debris: [Inorganic sedinent or trash such as tires of shopping carts.

Debris basin: A basin constructed to trap sedi nent or debris that would clog
or damage a fl ood channel

Drop structure: A grade control structure that provides for a vertical drop
in the channel invert between the upstream and downstream si des.

Ecosystem A community and its environnent including living and nonliving
conponent s.

Epheneral stream A streamthat flows only during runoff events.

Equilibrium A condition of fluvial systems in which watershed and channe
par amet ers are bal anced.

Evapotranspiration: The conbi ned noisture |oss from evaporati on and transpi-
ration.

Extrapol ation: Estimation of a function at a point which is larger or smaller
than all the points at which the value of the function is known.

Fabridamm A dam constructed of fabric and rubber that can be inflated with
air or water.

Fish |adder: A fishway that provi des passage over or around a vertica
obstructi on.

Fishway: A structure designed to allow fish passage around, over, or through
obst acl es.

Fla ate: A gate hinged at the top and allowing flow in only one direction.
Fl ood channel: Any partially or conpletely excavated channel intended to con-

vey above-normal discharges. Flood channels may be sized to convey any return
i nterval discharge above the 2-year or other normal bank-full discharge.

GLOSSARY- 2
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Fl ood di version channel: (See Fl oodway.)

Floodwall: A wall constructed of nasonry or concrete to provide fl ood protec-
tion from seasonal high water.

Fl oodway: A natural or constructed channel that conveys flood flows.

Flume: An open channel constructed of wood, steel, or reinforced concrete and
used to convey water for various purposes, including grade control

Formliner: A liner for concrete fornms designed to produce a special finish.

Gabions: Rock-filled wire cages used on streans for erosion control and con-
struction of dams and other structures.

Grade control structures: Any of several types of structures used to contro
channel gradient (see stabilizer, drop structure, and flume).

Greenbelt: A linear park, usually located along a stream corridor or other
ri ght-of -way.

Greentree reservoir: A shallow reservoir in which water |evels are mani pu-
lated for wildlife and timber production.

Habitat: The physical location in which a population of plants or aninmals
lives,

Hard point: A slope protection technique whereby "soft" or erodible materials
are renmoved from a bank and repl aced by stone or conpacted clay. These fea-
tures may al so occur naturally al ong banks where currents have renoved

erodi ble materials | eaving nonerodi bl e materi al s exposed.

Headcut: An abrupt change in the longitudinal profile of a stream Headcuts
typically migrate upstreamthrough time.

Heterotrophic: A condition in which respiration by plants and ani mal s exceeds
oxygen production by plants. Primary energy sources are organi c conpounds.

Hi gh-fl ow channel: A channel design enploying a subchannel for normal and | ow
flows and high-flow bernms that are fl ooded on an infrequent basis. Wen the
exi sting natural channel is used for the subchannel, excavation may take place
fromone or both sides, but the existing channel is disturbed as little as
possi bl e.

Hydraulic radius: Equal to A/P, where A is cross-sectional area and P
is wetted perinmeter. Roughly conparable to average depth in w de, shall ow
streans.

Interior collection pond: (See Collection pond; sonetimes called interior
dr ai nage pond.)

Intermttent stream A streamthat ceases to flow seasonally or occasionally
because bed seepage and evaporati on exceed the supply of water.

GLOSSARY- 3
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Interpolation: Estimation of an intermediate value of one variable (depen-
dent) as a function of a second variable (independent) when val ues of the
dependent vari abl e corresponding to several discrete values of the independent
vari abl e are known.

Invert: The bed of a channel or culvert.

Kni ckpoint: (Same as Headcut.)

Leachi ng: The renoval of materials froma porous medium due to erosion or

di ssol ution occurring because of the passage of water or other fluid through

t he nmedi um

Levee: An embankment constructed to provide flood protection from seasona
hi gh wat er.

Lowfl ow channel: A subchannel designed to concentrate low flows for bio-
| ogic, recreational, or aesthetic reasons.

Macr oi nvertebrates: Large invertebrates found in streanms and consisting
largely of larval insects, worns, and rel ated organi sns.

Manning’'s n: A resistance coefficient used in the Manning equation for
1.49' R2/ 3 Sl/2l where V is nfan velocity,

n
Ris hydraulic radius, and S is slope, all expressed in non-Sl units.

uni form steady flow, V =

Meander: A broad, |ooping bend in a stream channel

Meander anplitude: Anplitude of center |ine of neandering channel usually
expressed as a nultiple of streamw dth (see Figure 4-5).

Meander wavel ength: The average distance fromcrest to crest, or trough to
trough, in a series of meander waves.

Natural stream channel: A channel whose alignment, dimensions, cross-
sectional shape, and grade have not been nodifi ed.

Overbuilt levee: A levee with a cross section larger than that required to
neet all engi neering considerations.

Oxbow | ake: A lake forned in a former stream neander that has been abandoned
naturally or cut off during channel construction for navigation or flood con-
trol purposes.

Paddl eway: A reach of a | ow gradi ent stream devel oped for canoeing; also
cal | ed boatway.

Perched | ake: A | ake whose bed is above the ground-water table.
Peri phyton: Invertebrates and plants that attach to solid substrates in

aquatic systenms. The associ ation of aquatic organisns attached or clinging to
stems and | eaves or other surfaces projecting above the bottom
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Point bar: A crescent-shaped bar of coarse sedinment built out fromthe convex
bank of a meander.

Pool : Topographically | ow area produced by scour. Pools are |ocated opposite
poi nt bars on neandering streans.

Popul ation: An interacting group of organisns of the same speci es.

Propaqul e: Seed, cutting, tuber, bulb, rhizome, or other vegetative conponent
used to propagate plants.

Regression: A functional rel ationship between two or nore variables that is
of ten enpirically determined fromdata and is used to predict val ues of one
vari abl e when val ues of the other variables are known.

Resi st ance coefficient: An enpirically derived coefficient used in uniform
flow equations to account for flow resistance.

Riffle: A topographically high area in a channel created by the accumul ation
of relatively coarse-grai ned sedi nents.

Ri parian vegetation: Vegetation along the bank of a watercourse.

Salnonid or salnmnoid: Collective termreferring to salnon, trout, grayling,
or white fish, all of which are found in col dwater environnments.

Saltation: Mvenent of sedinent along a channel bed by intermttent bouncing.

Sedi nment basin: A basin constructed to trap sedi nent eroded froma sl ope or
being transported by a stream

Sel ective clearing and snagging: A nodified version of clearing and snaggi ng
that limts the types and anobunt of snags and vegetation renmoved and uses con-
struction nethods that create m nimal disturbance.

Sill: A lowdam designed to prevent erosion or to create pools for fish
habi t at .
Sinuosity: A measure of neandering calculated as a ratio of streamlength to

val l ey | ength.

Stabilizer: A lowsill across a channel, used to prevent bed erosion.

Stable channel: A channel with no net erosion or deposition over a period of
several years; a graded stream

Stilling basin: An enlarged area in a channel that is deep enough to reduce
flow velocity

Stream power: The product of a streamis discharge rate Q and sl ope S.

Subchannel : A channel inside a larger flood control channel that is used to
convey | ow and/or normal flows (see | owflow channel).
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Substrate: Surface to which stream biota adhere or within which they live

Suspended | oad: That portion of a streams sediment |load that is carried
suspended on the flow rather than in contact with the bed suspension.

Thal weqg: A line connecting the deepest points along a channel

Threshold: A point or value that, if exceeded, creates either positive or
negative feedback. Positive feedback destroys equilibriumconditions in
fluvial systems, whereas negative feedback tends to restore them

Throughflow | ow. That part of stormrunoff that nmoves through the soil (same
as
interflow).

Toe: The lower portion of a channel bank or where a | evee slope neets the
ground.

Tree retards: Slope protection structures nmade of large trees. Tree retard
systens generally consist of groups of trees cabled together, placed perpen-
dicular to the bank lIine, and anchored in place using cables with fabricated
wei ghts. A small stone root is constructed into the bank line to anchor the
| andward end of the tree and protect the | andward end of each retard from

fl anki ng by overtopping fl ows.

Turbidity: Reduction in transparency caused by suspended solids or coll oids.

Unit discharge: Discharge per unit width (QW.

Warmnater stream A streamwith water too warmto support salnonid fishes.

Water control structure: A device, such as a weir or gated structure, used
primarily to control water |evel

Wng deflector: A low structure projecting froma channel blank used to
create scour holes for fish habitat purposes.
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